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Why DSS? 
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B I G  B A N D W I D T H  F O R  E M B B  

• FR1 (410 MHz – 7.125 GHz) 

• Bands numbered from 1 to 255

• No longer can be commonly referred to as sub-6 GHz!
• FR2 (24.250 - 52.600 GHz) → Soon to be extended to 114.25 GHz

• Bands numbered from 257 to 511

• Commonly referred to as mmWave

• Large BW for throughput 
• Bad coverage due to high 

frequency 
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T E M P O R A R Y  P H A S E  F O R  5 G  

• Low band/ 
mid band for 
coverage 

• High band for 
throughput 
performance 

B3N78



5

H O W  T O  C O V E R  B O T H  4 G  O N LY  U S E S  A N D  5 G  U S E R S ?

N3-N78



6

T E M P O R A R Y  P H A S E  F O R  5 G  

B3N78 N3N78

• How about LTE legacy 
users? 

• High band for 
throughput 
performance 

• Low band/ 
mid band for 
coverage 
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• Dynamic spectrum sharing

LTE x MHz

NR (20-x)M Hz

LTE x MHz

NR (20-x)M Hz

LTE x MHz

NR (20-x)M Hz

LTE 10MHz

NR 10M Hz

• Static spectrum sharing
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• LTE / NR use the same carrier , resource is scheduling dynamically 

• For LTE legacy users

• No any affect

• DSS operation is transparent for LTE-ONLY devices

• For NR 

• Improve the coverage 

• Accelerate the evolution from NSA (LTE in low/mid band as anchor and 

NR in high band with  large BW for throughput)  to SA (NR CA for low/mid 

band carriers and high band carriers) 

• To use DSS band , NR Phone need to enable DSS capability 

R E Q U I R E M E N T S  F O R  D S S
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How DSS? – Connected Mode 
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OFDM symbols (= 7 OFDM symbols @ Normal CP)

The Cyclic Prefix is created by prepending each

symbol with a copy of the end of the symbol

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)

1 frame

= 10 sub-frames

= 10 ms

1 sub-frame

= 2 slots

= 1 ms

1 slot

= 15360 Ts

= 0.5 ms

0 1 2 3 4 5 6

etc.

CP CP CP CPCPCP

DL

symbN

RS - Reference Signal (Pilot)

P-SS - Primary Synchronization Signal

S-SS - Secondary Synchronization Signal

PBCH - Physical Broadcast Channel

PCFICH – Physical Control Channel Format Indicator Channel

PHICH (Normal)– Physical Hybrid ARQ Indicator Channel

PDCCH (L=3*) - Physical Downlink Control Channel

PDSCH - Physical Downlink Shared Channel

#0 #1 #8#2 #3 #4 #5 #6 #7 #9 #10 #11 #12 #19#13 #14 #15 #16 #17 #18

10 2 3 4 5 610 3 4 5 62

S
u

b
-C

a
rr

ie
r 

(R
B

)
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*PDCCH L=4 is possible for 1.4MHz LTE profile
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OFDM symbols (= 7 OFDM symbols @ Normal CP)

The Cyclic Prefix is created by prepending each

symbol with a copy of the end of the symbol

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)

1 frame

= 10 sub-frames

= 10 ms

1 sub-frame

= 2 slots

= 1 ms

1 slot

= 15360 Ts

= 0.5 ms

0 1 2 3 4 5 6

etc.

CP CP CP CPCPCP

DL

symbN

RS - Reference Signal (Pilot)

P-SS - Primary Synchronization Signal

S-SS - Secondary Synchronization Signal

PBCH - Physical Broadcast Channel

PCFICH – Physical Control Channel Format Indicator Channel

PHICH (Normal)– Physical Hybrid ARQ Indicator Channel

PDCCH (L=3*) - Physical Downlink Control Channel

PDSCH - Physical Downlink Shared Channel

#0 #1 #8#2 #3 #4 #5 #6 #7 #9 #10 #11 #12 #19#13 #14 #15 #16 #17 #18

10 2 3 4 5 610 3 4 5 62
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*PDCCH L=4 is possible for 1.4MHz LTE profile
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• LTE CRS is periodically transferred in time domain and discretely 

transferred in frequency domain.
• Carefully configure time-frequency radio resource in DSS 

subframe

• bypass the resource allocated to LTE CRS

• schedule unused radio resource for NR operation
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REF 36.211 Figure 6.10.1.2-1

https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2425
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Point A

Offset to carrier

NR carrier

Channel RB

LTE carriern50

474*15k (474RE)
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Point A

Offset to carrier

NR carrier

Channel RB

474*15k (474RE)

LTE carriern50
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00000000001000 (binary) >> 0004 (HEX)



18

LTE RB

5GNR RB

+

LTE+5GNR Combined

Control Symbols

CRS

Control Symbol (CORESET)

PDSCH DM-RS

PDSCH

Not Used

5GNR avoids LTE-CRS Resource Elements (RE)

NR transmission can start 

after LTE control symbols
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How DSS? – Idel Mode 
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OFDM symbols (= 7 OFDM symbols @ Normal CP)

The Cyclic Prefix is created by prepending each

symbol with a copy of the end of the symbol

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)

1 frame

= 10 sub-frames

= 10 ms

1 sub-frame

= 2 slots

= 1 ms

1 slot

= 15360 Ts

= 0.5 ms

0 1 2 3 4 5 6

etc.

CP CP CP CPCPCP

DL

symbN

RS - Reference Signal (Pilot)

P-SS - Primary Synchronization Signal

S-SS - Secondary Synchronization Signal

PBCH - Physical Broadcast Channel

PCFICH – Physical Control Channel Format Indicator Channel

PHICH (Normal)– Physical Hybrid ARQ Indicator Channel

PDCCH (L=3*) - Physical Downlink Control Channel

PDSCH - Physical Downlink Shared Channel

#0 #1 #8#2 #3 #4 #5 #6 #7 #9 #10 #11 #12 #19#13 #14 #15 #16 #17 #18

10 2 3 4 5 610 3 4 5 62
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*PDCCH L=4 is possible for 1.4MHz LTE profile
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S S B  R E C A P T U R E
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S S B  R E C A P T U R E

CASE A

Frequency <3G

SCS 15k
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S S B  R E C A P T U R E
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• The 1st and 2nd symbols in LTE MBSFN 

subframe should be used for LTE CRS and 

control channel, but the other resource may 

be free when no multicast/broadcast data 

transmission

• NR SSB, SIBs, CSI-RS, TRS and PDSCH 

data can be transmitted on the free resource 

in LTE MBSFN subframe to bypass LTE 

CRS

• The number and locations of MBSFN 

subframes within a specific radio frame is 

determined by Network and is broadcasted 

to UE via SIB.

• Support 15kHz SCS

C O N F I G U R E  M B S F N  S U B F R A M E

MBSFN
Multimedia Broadcast multicast service 

Single Frequency Network
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SYNC

(PSS/SSS/PBCH)
paging

LTE sib2 

NR RRC reconfig
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SFN mod 

radioframeAllocationPeriod = 

radioframeAllocationOffset
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Frame Number (SFN) MBSFN

0 YES

1

2 YES

3

4 YES

5

6 YES

7
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• LTE SIB2: configure MBSFN subframe location in a radio frame 
• mbsfn-SubframeConfigList - mbsfn-SubframeConfig
• SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset
• subframeAllocation to configure MBSFN subframe location, for example, configure subframes 1 and 2 as MBSFN subframe

• LTE SIB13: configure non-MBSFN
• MBSFN-AreaInfoList
• non-MBSFNregionLength: configure the number of symbols for non-MBSFN region, for example, configure 1st symbol

C O N F I G U R E  M B S F N S U B F R A M E
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C O N F I G U R E N R  S S B  R E S O U R C E  I N  M B S F N S U B F R A M E

2-5 2-58-11 8-11
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LTE RB in MBSFN 

subframe (SF 

#1,2,3,6,7,8 only)

5GNR RB

+

LTE+5GNR Combined

Control Symbols

CRS

Control Symbol (CORESET)

PDSCH DM-RS

PDSCH

Not Used

LTE MBSFN subframe does not transmit CRS except control symbols

Non-MBSFN 

region

MBSFN region (no 

transmission)

No need to rate match around 

LTE-CRS
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D I F F E R E N T  U S E  C A S E S

LTE Sync and/or PBCH

LTE CRS

NR PDSCH

LTE PDSCH

Three use cases:

1. NR is in MBSFN

2. NR is in non-MBSFN:

A. Sub-frames without PSS/SSS/PBCH

B. Subframes with PSS/SSS/PBCH (0 and 5)

sf0 sf1 sf2 sf3 sf4 sf5 sf6 sf7 sf8 sf9

(1) No rate matching required

(2A) Rate matching with LTE CRS

Configured via lte-CRS-ToMatchAround in 

ServingCellConfigCommon

(2B) Rate matching with 

LTE CRS and Sync/PBCH
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DSS solution Overview
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3  K E Y  B U I L D I N G  B L O C K S

UXM 5G Wireless Test Platform (E7515B)

• <6GHz Frequency range

• 4G and 5G supported in one UXM 5G

• Scalable bandwidth 8Tx/4Rx @800MHz, 4Tx/2Rx @1600MHz

• Integrated RFIO + Internal fading

• Support for RF, IF, Host and BBIQ interfaces (slow and full rate)

• Support for 10GbE connectivity

Common Interfacing Unit (E7770A)

• Same unit for both PROPSIM CE and UXM 5G

• Supports up to 8x heads, with scalability for more

• Flexibility to add new heads to support new bands

• Supports high IF connection (6-12 GHz)

mmWave Transceiver for 5G (RRH)

• Supports 24.25 to 43.5GHz frequency coverage with 1x RRH

• Compact, bi-directional

• Supports both OTA and cabled testing
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P O R T F O L I O  

Protocol 

Conformance 

Toolset

RF/RRM Carrier 

Acceptance 

Toolset

Functional 

KPI Toolset

RF/RRM DVT + 

Conformance 

Toolset

RF Automation

Toolset

Protocol 

R&D Toolset

5G Device Acceptance Solutions

Network Emulator

mmWave OTA Solutions

Channel Emulator

Interactive 5G stack

with common tools
Common measurement science, 

logging                                                                                

and automation

5G Device Development Solutions 5G MFG Solutions

Manufacturing
Protocol Carrier 

Acceptance 

Toolset
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Feature description Test App Comments

UL 7.5 kHz shift Supported

5G PDSCH rate matching around LTE CRS Supported

5G PDSCH rate matching around LTE sync/PBCH channels Supported Via Static Patterns with ASN

Alternative DMRS position for co-existence with LTE CRS Supported Only required for 1x specific config

Support for LTE MBSFN subframes Supported
Used to transmit SSB without 

colliding with LTE CRS

Mixed numerology (SSB = 30 kHz, PDSCH = 15kHz) Internal Testing

Not required for initial roll out as 

only MBSFN subframes will be 

used

D S S  R E Q U I R E M E N T S




