


[bookmark: Title][bookmark: DocumentFor][bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 108bis                                 R4-2315711
Xiamen, China, Oct 9 – Oct 13, 2023

Title: 	Discussion on NR DSS demodulation requirements
Source: 	ZTE Corporation
Agenda item:	5.36.2
Document for:	Approval
1 Introduction
In RAN 96e meeting, a revised WID on Enhancement of NR Dynamic spectrum sharing (DSS) was approved [1] for R-18. 
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. [RAN1]
· Investigate enabling LTE CRS to puncture NR PDCCH, including the impact to NR PDCCH DMRS if there is the performance gain from the additional PDCCH resources.
· Allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP [RAN1, RAN2]
Specify, if any, necessary UE performance requirements for above core objectives:
· Specify necessary UE demodulation performance requirements (RAN4)


In this contribution, we want to share analysis on demodulation requirement aspects from RAN4 perspective based on the listed feature from RAN1 perspective. 
2 Discussion

2.1 Scenarios for DSS
For deployments with coexistence of NR-LTE, the motivation for supporting NR PDCCH reception in symbols with LTE CRS is to increase the capacity of PDCCH within the first 3 symbols in a slot.
Regarding DSS scenario, firstly,we should assume that the LTE PDCCH and LTE PCFICH for scheduling needs to occupy symbol#0 and NR PDCCH wouldn’t overlapping with LTE PDCCH in symbol#0.
In existing LTE network, the most typical CRS configurations are 2-port CRS occupying the symbol#0 and symbol#4 in a LTE slot, and 4-port CRS occupying the symbol#0, symbol#1 and symbol#4 in a LTE slot.
Hence, NR PDCCH occupies symbol#1 and symbol#2 while LTE CRS locates on symbol#0 (2-port CRS) or symbols#0 and symbol#1 (4-port CRS), as shown in Fig 1-1.
This is means that LTE CRS with 2 CRS antenna ports doesn’t lead to any CRS collisions with the NR PDCCH for 1symbol or 2symbols. However, LTE CRS with 4 CRS antenna ports will lead to CRS collisions with the NR PDCCH for 1symbol or 2symbols. 
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(1) Case 1-1
	[image: ]
(2) Case 1-2
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(3) Case 2-1
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(4) Case 2-2


Figure 1-1. 2-port and 4-port LTE CRS occupied on 1-symbol and 2-symbol NR PDCCH

Observation 1. For LTE CRS with 2 CRS antenna ports doesn’t lead to any CRS collisions with the NR PDCCH. LTE CRS with 4 CRS antenna ports will lead to CRS collisions with the NR PDCCH for 1symbol or 2symbols.
As the DSS reference case should be seen as the 4-port LTE CRS with 1-symbol NR PDCCH in symbol #1. From RAN4 perspective, the case of interest is where the NR PDCCH occupied 1symdol or 2 symbols. Thus, following typical scenarios could be considered.
Proposal 1. Considering following typical scenarios for RAN4 perspective,
· 4-port LTE CRS 
· LTE PDCCH/ PCFICH occupies symbol #0
· NR PDCCH occupied symbol#1 or symbol#1 and symbol#2


2.2 PDCCH reception 
As described in above section, two typical scenarios could be considered for RAN4. In this section, we will have a detailed analysis for those scenarios.
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(1) Scenario 1
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(2) Scenario 2



Figure 1-2. Typical scenarios for NR dynamic spectrum sharing
· Scenario 1: On the OFDM symbol (i.e. symbol#1) colliding with LTE-CRS , only one PDCCH DMRS RE and three PDCCH resource REs colliding with LTE-CRS . 
· Scenario 2: On the OFDM symbols (i.e. symbol#1, symbol#2) colliding with LTE-CRS, only one PDCCH DMRS RE and four DMRS RE colliding with LTE-CRS, additional PDCCH symbol#2 not colliding with LTE-RS. 
From RAN4 demodulation perspective, there are two potential aspects which have a significant impacts on PDCCH performance. Firstly, because of one PDCCH DMRS RE colliding with LTE CRS, which will bring the channel estimation has a significant performance degradation. Further, it will bring PDCCH performance degradation. Secondly, because of three PDCCH resource REs colliding with LTE-CRS, which will bring PDCCH demodulation performance degradation.
In order to make sure NR PDCCH in DSS scenario has a better performance, the following candidate options can be considered.
· Option 1: Advanced receiver
· Option 2: Puncturing 
· Option 3: Rate matching
Advanced receiver: We notice that one PDCCH DMRS RE and three PDCCH resource REs colliding with LTE-CRS in each RPB. RAN4 studied advanced receiver for LTE CRS interference handling for NR UE in Rel-17. If receiver can perform interference mitigation (i.e. LLR weighting) on colliding symbols, we believe that can mitigate the LTE CRS interference.
Puncturing: With enabling LTE CRS to puncture NR PDCCH and NR PDCCH DMRS. 1) LTE CRS puncturing NR PDCCH DMRS. Considering DMRS is used for channel estimation, the performance of NR PDCCH may be degraded significantly. However, for scenario 2, symbol#2 is not overlapping with any LTE CRS, maybe we can use DMRS which is located in symbol#2 to do channel estimation. 2) NR PDCCH is punctured by LTE CRS, the performance of PDCCH would be jeopardized due to information loss.
Rate matching: NW can configure rate matching pattern if LTE CRS is overlapping with NR PDCCH. NW can configure ZP-CSI RS for NR PDCCH to avoid overlapping with LTE CRS.Compared to legacy PDCCH demodulation, this will bring code rate has a little change.
Proposal 2. From RAN4 perspective, following typical scenarios can be considered for DSS.
· Scenario 1: On the OFDM symbol (i.e. symbol#1) colliding with LTE-CRS , only one PDCCH DMRS RE and three PDCCH resource REs colliding with LTE-CRS.
· Scenario 2: On the OFDM symbols (i.e. symbol#1, symbol#2) colliding with LTE-CRS, only one PDCCH DMRS RE and four DMRS RE colliding with LTE-CRS, additional PDCCH symbol#2 not colliding with LTE-RS. 
Observation 2. In order to make sure NR PDCCH in DSS scenario has a better performance, the following candidate options can be considered.
· Option 1: Advanced receiver
· Option 2: Puncturing 
· Option 3: Rate matching

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for DSS demodulation requirements , The conclusions are:
Observation 1. For LTE CRS with 2 CRS antenna ports doesn’t lead to any CRS collisions with the NR PDCCH. LTE CRS with 4 CRS antenna ports will lead to CRS collisions with the NR PDCCH for 1symbol or 2symbols.
Observation 2. In order to make sure NR PDCCH in DSS scenario has a better performance, the following candidate options can be considered.
· Option 1: Advanced receiver
· Option 2: Puncturing 
· Option 3: Rate matching
Proposal 1. Considering following typical scenarios for RAN4 perspective,
· 4-port LTE CRS 
· LTE PDCCH/ PCFICH occupied symbol #0
· NR PDCCH occupied symbol#1 or symbol#1 and symbol#2
Proposal 2. From RAN4 perspective, following scenarios can be considered for DSS.
· Scenario 1: On the OFDM symbol (i.e. symbol#1) colliding with LTE-CRS , only one PDCCH DMRS RE and three PDCCH resource REs colliding with LTE-CRS . 
· Scenario 2: On the OFDM symbols (i.e. symbol#1, symbol#2) colliding with LTE-CRS, only one PDCCH DMRS RE and four DMRS RE colliding with LTE-CRS, additional PDCCH symbol#2 not colliding with LTE-RS. 
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