	
[bookmark: Title][bookmark: DocumentFor][bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG4 Meeting # 108bis	R4-2316470
Xiamen, China, October 09 – October 13, 2023
[bookmark: Source]Agenda item:	5.36.2
Source:	MediaTek Inc.
Title:	Discussion on requirements for DSS enhancements
Document for:	Discussion
1 Introduction
According to DSS enhancement WI [1], there are two topics to be studied in RAN1 and RAN2, which are
· NR PDCCH reception in symbols with LTE CRS REs
· support two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP
	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]



RAN4 is tasked to specify necessary UE demodulation performance requirements.
	Specify, if any, necessary UE performance requirements for above core objectives: 
· Specify necessary UE demodulation performance requirements (RAN4)



In this contribution, we provide our views on UE demodulation performance requirements for DSS enhancement WI.
2 [bookmark: _Hlk92380727]Discussion
2.1	NR PDCCH reception in symbols with LTE CRS REs
The motivation to specify NR PDCCH reception in symbols with LTE CRS REs is improving PDCCH capacity in DSS scenario. However, there are some other existing methods enabling NR PDCCH capacity for DSS: 
· UE supporting FG 3-2, or FG22-12 to support monitoring PDCCH within the first 4 symbols.
· NR PDCCH capacity pressure may not be a big issue if the UE supports FG 3-2, or FG22-12 to support monitoring PDCCH within the first 4 symbols.
· Rel-17 SCell PDCCH scheduling P(S)Cell PDSCH/PUSCH
· In Rel-17 DSS, cross carrier scheduling for SCell was supported and it can provide additional PDCCH capacity from another SCell. The PDCCH capacity for DSS would not be a problem when a SCell is configured. 
Observation 1: There are some other existing methods enabling NR PDCCH capacity for DSS:
· UE supporting FG 3-2, or FG22-12 to support monitoring PDCCH within the first 4 symbols
· Rel-17 SCell PDCCH scheduling P(S)Cell PDSCH/PUSCH
Also, DSS is considered as a technology for transition from 4G to 5G. This new feature for NR PDCCH reception in symbols with LTE CRS REs is introduced in Rel-18. It is doubtful that there is a demand for DSS when Rel-18 UE can be widely adopted.
Observation 2: The new feature for NR PDCCH reception in symbols with LTE CRS REs is introduced in Rel-18. It is doubtful that there is a demand for DSS when Rel-18 UE can be widely adopted.
Proposal 1: Do not introduce requirements for NR PDCCH reception in symbols with LTE CRS REs.
As there are so many assumptions and FGs are introduced in RAN1, we provide our views below if RAN4 agree to define requirements for NR PDCCH reception in symbols with LTE CRS REs. 
According to RAN1’s agreements, from Rel-18, UE can support PDCCH reception when PDCCH candidates overlap with LTE CRS REs. PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side, which means that there is no specification change for PDCCH resource mapping in the scenario of DSS.
	Agreement
Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.
Note: depends on UE capability 
Following options can be used for PDCCH-DMRS channel estimation
· legacy CE assumption 
· RAN1 consider support this, if no RAN4 performance requirements are defined
· CE on clean symbol(s) only (this channel estimation option does not apply for 1 symbol CORESET)

Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session.


However, there are some assumptions about PDCCH-DMRS channel estimation agreed in RAN1. Also, there are some restrictions on the PDCCH symbols and/or LTE CRS patterns according to the UE capability. 
Regarding PDCCH-DMRS channel estimation, RAN1 consider supporting legacy CE if no RAN4 performance requirements are defined. This means that RAN4 should not define requirements with “legacy CE assumption” when considering PDCCH reception when PDCCH candidates overlap with LTE CRS REs.
Observation 3: According to RAN1’s agreements on PDCCH-DMRS channel estimation, RAN4 should not define requirements with “legacy CE assumption” when PDCCH candidates overlap with LTE CRS REs.
Regarding UE capabilities for DSS enhancement, three features were introduced in RAN1 [2], which are 52-1, 52-1a, and 52-1b. As shown in Table1, for both 52-1a and 52-1b, there are more than one prerequisite feature groups. 
Table 1. UE features for NR PDCCH reception in symbols with LTE CRS REs
	
	52-1
	52-1a
	52-1b

	Feature group
	Reception of NR PDCCH candidates overlapping with LTE CRS REs
	Reception of NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns
	NR PDCCH reception that overlaps with LTE CRS within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot

	prerequisite feature groups
	5-28
	52-1, at least one of {14-1, 52-2}
	52-1, 22-12


Observation 4: For both 52-1a and 52-1b, there are more than one prerequisite feature groups.
Therefore, we propose not to introduce requirements for UE supporting FG 52-1a or 52-1b if RAN4 agrees to define requirements for NR PDCCH reception in symbols with LTE CRS REs.
Proposal 2: If RAN4 agrees to define requirements for NR PDCCH reception in symbols with LTE CRS REs, do not introduce requirements for UE supporting FG 52-1a or FG 52-1b. 
As for FG52-1, there are many components and candidate values:
1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM pattern by configuration of one CRS rate matching pattern via lte-CRS-ToMatchAround
2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}
3) Reception of NR PDCCH candidates that overlap with LTE CRS REs on the X-th symbols of an NR slot. Candidate values for X: {only 2nd symbol, 1st and 2nd symbols}
4) NR PDCCH that overlaps with LTE CRS REs is in Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or USS that are monitored within the first 3 OFDM symbols of a slot
For component 2), there is a note, “For component 2, RAN1 considers support value b) in component 2 only if RAN4 performance requirements for value b) are not defined”. It means that RAN4 should not introduce requirements when UE supports b), “when some or all of symbols of NR PDCCH candidate overlap with LTE CRS”. 
Observation 5: RAN4 should not define requirements when UE supports “b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS” in component 2 of FG52-1.
Observation 6: Based on observation 3 and 5, RAN4 can only consider “a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS” when discussing whether to introduce requirements for NR PDCCH reception in symbols with LTE CRS REs.
Regarding component 3), “reception of NR PDCCH candidates that overlap with LTE CRS REs on the X-th symbols of an NR slot. Candidate values for X: {only 2nd symbol, 1st and 2nd symbols}”, there are two candidate values for X. In a DSS carrier, LTE PHICH/PCFICH and LTE-PDCCH are typical transmitted in the 1st symbol and therefore it would not be able to accommodate NR PDCCH. Therefore, support of NR PDCCH overlapping LTE CRS only on 2nd symbol is the most likely scenario.
Observation 7: LTE PHICH/PCFICH and LTE-PDCCH are typical transmitted in the 1st symbol and therefore it would not be able to accommodate NR PDCCH. Therefore, support of NR PDCCH overlapping LTE CRS only on 2nd symbol is the most likely scenario. 
Based on observation 6 and 7, RAN4 should only discuss whether to introduce requirements for scenario shown in Figure 1, where one clean symbol on symbol#2 and NR PDCCH overlapping LTE CRS on symbol#1.

[image: ]
Figure 1. Illustration of NR PDCCH overlapping with LTE CRS
Proposal 3: If RAN4 agrees to define requirements for NR PDCCH reception in symbols with LTE CRS REs, RAN4 should only consider the scenario where one clean NR PDCCH symbol on symbol#2 and one NR PDCCH overlapping with LTE CRS on symbol#1.
2.2	Two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP
In Rel-15 DSS, only one LTE CRS can be configured in an NR cell to avoid the LTE CRS interference on NR PDSCH via lte-CRS-ToMatchAround. It was further enhanced in Rel-16 DSS to allow up to 3 non-overlapping LTE CRSs can be configured in a non-M-TRP NR cell, and up to 2 sets of overlapping LTE CRSs can be configured in an NR cell, where each set of LTE CRSs can contain up to 3 non-overlapping LTE CRSs. However, the two overlapping CRS rate matching patterns are limited to multi-TRP scenario.
In Rel-18 enhanced DSS WI, the restriction of two overlapping CRS rate matching patterns only applying to multi-TRP is removed. RAN1 agreed that two overlapping CRS rate matching patterns can also be configured by RRC signalling to non-M-TRP UEs supporting related capabilities. PDSCH should be rate matched around CRSs if UE is configured with two overlapping CRS rate matching patterns. As this feature is only related to rate-matching behaviour, we propose not to introduce UE demodulation requirements for UE supporting two overlapping CRS rate matching patterns.
Observation 8: There is no other new UE behaviour except rate matching for UE supporting two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP. 
Proposal 4: Do not introduce UE demodulation requirements for UE supporting two overlapping CRS rate matching patterns.
3 Conclusion
In this contribution, we provide views about the UE demodulation performance requirements for DSS enhancement WI. The observations and proposals are summarized as below.
Observation 1: There are some other existing methods enabling NR PDCCH capacity for DSS:
· UE supporting FG 3-2, or FG22-12 to support monitoring PDCCH within the first 4 symbols
· Rel-17 SCell PDCCH scheduling P(S)Cell PDSCH/PUSCH
Observation 2: The new feature for NR PDCCH reception in symbols with LTE CRS REs is introduced in Rel-18. It is doubtful that there is a demand for DSS when Rel-18 UE can be widely adopted.
Proposal 1: Do not introduce requirements for NR PDCCH reception in symbols with LTE CRS REs.
Observation 3: According to RAN1’s agreements on PDCCH-DMRS channel estimation, RAN4 should not define requirements with “legacy CE assumption” when PDCCH candidates overlap with LTE CRS REs.
Observation 4: For both 52-1a and 52-1b, there are more than one prerequisite feature groups.
Proposal 2: If RAN4 agrees to define requirements for NR PDCCH reception in symbols with LTE CRS REs, do not introduce requirements for UE supporting FG 52-1a or FG 52-1b. 
Observation 5: RAN4 should not define requirements when UE supports “b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS” in component 2 of FG52-1.
Observation 6: Based on observation 3 and 5, RAN4 can only consider “a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS” when discussing whether to introduce requirements for NR PDCCH reception in symbols with LTE CRS REs.
Observation 7: LTE PHICH/PCFICH and LTE-PDCCH are typical transmitted in the 1st symbol and therefore it would not be able to accommodate NR PDCCH. Therefore, support of NR PDCCH overlapping LTE CRS only on 2nd symbol is the most likely scenario. 
Proposal 3: If RAN4 agrees to define requirements for NR PDCCH reception in symbols with LTE CRS REs, RAN4 should only consider the scenario where one clean NR PDCCH symbol on symbol#2 and one NR PDCCH overlapping with LTE CRS on symbol#1.
Observation 8: There is no other new UE behaviour except rate matching for UE supporting two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP. 
Proposal 4: Do not introduce UE demodulation requirements for UE supporting two overlapping CRS rate matching patterns.
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