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1. Introduction
In RAN#94e meeting, a new WID about NR DSS was approved for Rel-18, with the following objectives.
	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]



[bookmark: _Toc529013720]This contribution provides a summary of remaining issues on UE support for two overlapping CRS rate matching patterns proposed in contributions submitted under AI 9.9.2. The discussion is conducted under the following email discussion. 
[109-e-R18-DSS-02] Email discussion on UE support for two overlapping CRS rate matching patterns by May 20 – Xianghui (ZTE)
· Check points: May 18 
2. Summary of Tdocs 
2.1 [Open] Indication of two overlapping CRS rate matching patterns 
In Rel-16, up to 2 overlapping LTE CRS patterns can be configured for multi-DCI based PDSCH transmission in an M-TRP NR cell. In Rel-18, the intention of this WID is to extend support of 2 overlapping LTE CRS patterns regardless of support or configuration of multi-TRP. 
Companies’ views on indication of the two overlapping LTE CRS patterns in Rel-18 are summarized below. 
All companies agree that the two overlapping LTE CRS patterns should be RRC configured. Additionally, [14, Qualcomm] and [16, Ericsson] think dynamic indication of the two patterns could be also considered. 
==> FL’s understanding: dynamic indication is out of the scope according to previous RAN discussion and current WID description. Therefore, no further discussion on this direction is pursued. 
For RRC configuration, three options are proposed among companies. 
·  Option 1: Reuse the existing RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
· [1, Huawei, HiSilicon], [2, ZTE], [4, vivo], [5, InterDigital], [7, Samsung], [8, OPPO], [10, NTT DOCOMO], [11, MediaTek], [12, Nokia, Nokia Shanghai Bell], [14, Qualcomm]
· [8, OPPO] and [14, Qualcomm]: the following legacy configuration restriction in TS 38.331 is applied in Rel-18 DSS. 
· “The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.”
·  Option 2: Reuse the existing RRC parameter lte-CRS-PatternList1-r16 and introduce a new Rel-18 RRC parameter lte-CRS-PatternList3-r18 in ServingCellConfig. The new RRC parameter can be configured only if the existing parameter lte-CRS-PatternList1 is also configured. 
· [3, Spreadtrum], [13, Ericsson], [8, OPPO]
 Option 3: Introduce two new Rel-18 RRC parameters lte-CRS-PatternList1-r18 and lte-CRS-PatternList2-r18 in ServingCellConfig. 
· [4, vivo], [9, Apple]
In addition, [4, vivo] proposes to clarify that the two overlapping CRS rate matching patterns are only applicable to PDSCH with 15kHz SCS scheduled by PDCCH with DCI format 1_1 or DCI format 1_2 with CRC scrambled with dedicated RNTI in non-MTRP case in FR1. 
First Round
During the GTW session, it was raised a scenario of Rel-18 UEs in a cell with legacy gNB. FL’s understanding is, as long as it is a legacy gNB, two overlapping LTE CRS patterns can only be configured when if CORESETPoolIndex configured with 1. When a Rel-18 UEs receives lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, it would do rate matching only for multi-DCI M-TRP based PDSCH. In such case, it seems no issues for reusing legacy parameters in the concerned scenario with also considering the following analysis. 
· From FL perspective, only up to two overlapping LTE CRS patterns can be configured simultaneously no matter for single TRP or M-TRP with or without considering neighbour LTE cells. In other words, support of configuring three or four overlapping LTE CRS patterns is out of scope according to the WID. In this sense, it seems no functional difference among above options. It is just a matter of fact that whether to use the legacy or new parameters for configuring the LTE CRS patterns from the two LTE cells with strongest interference. 
Regarding the clarification from [4, vivo], FL only finds the following restrictions on support of two overlapping LTE CRS patterns, i.e., no restriction on the PDCCH format. 
	When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 

	-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.



Based on the summary above, FL would like to check companies’ views on the following proposal.
Proposal #1: 
· If the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, up to two overlapping LTE CRS patterns can be configured simultaneously by RRC for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· Reuse the existing RRC parameter lte-CRS-PatternList1-r16 in ServingCellConfig. 
· FFS reuse the existing RRC parameter lte-CRS-PatternList2-r16 in ServingCellConfig. 
·  The following legacy configuration restriction in TS 38.331 is applied in Rel-18 DSS. 
· “The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.”
Companies are encouraged to provide your views on 1) whether or not support the proposal 2) what’s your views on the FFS points. Depending on the input, I would then revise the FFS point.  
	Company
	Comments

	OPPO
	For the last sub-bullet (the legacy configuration restriction), we think it needs a discussion for clarification. As mentioned in our contribution [R1-2204025], we see two different understanding for the wording “fully overlapping in frequency”, in short:
a)  Interpretation#1: RE level fully-overlapping;
b)  Interpretation#2: frequency range level fully-overlapping.
If it is interpretation#1, this 38.331 restriction may not be applicable to Rel-18 DSS; if it is interpretation#2, then it still deserve a discussion about the applicability to Rel-18 DSS.
The clarification of this 38.331 restriction and the decision of its applicability to Rel-18 DSS also impact the decision on the FFS bullet. If the 38.331 restriction is applicable to Rel-18 DSS, the existing RRC parameter can be reused; if not, a new parameter is needed, and in such a case there would be totally 3 CRS rate matching pattern lists.
PS. The FL summary in section 2.1 misinterprets our position on the 38.331 restriction. Correction is made there.  

	Vivo
	Thanks FL for clarification, we are ok with moderator’s proposal.
Regarding the FFS, we don’t have very strong view on reusing the legacy IE or introducing new IE.
Regarding the ‘fully overlapping in frequency’, our understanding is interpretation#2 (frequency level), while vshift correspond to the two patterns can be different. 

	NTT DOCOMO
	Support. If lte-CRS-PatternList2-r16 is to be reused, it would be necessary to introduce a new RRC parameter separately from coresetPoolIndex to indicate the application of two lte-CRS-PatternList. Considering the description in 38.214 and 38.331, it seems simpler to introduce a new list (i.e. List3)

	Qualcomm
	We are OK with the proposal. Basically we share the view with vivo.

We do not identify an issue on either reusing the legacy IE or introducing new IE. Legacy gNB does not identify R18 UE capability for two overlapped CRS RM patterns; however, it configures two overlapped CRS RM patterns using legacy IE only if the UE reports support of FG14-1a/16-2a/16-2a-5. If a new IE is introduced, the spec should make sure that legacy IE for two overlapped CRS RM patterns (for R16 m-DCI m-TRP) and new IE for two overlapped CRS RM patterns (for R18) are not configured simultaneously for the same serving cell.

Regarding interpretation #1 vs #2, our understanding is also #2.

Regarding the configuration restriction (sub-bullet of the 3rd bullet), we think this is a natural extension from the existing overlapped CRS RM patterns and hence is not a restriction. We do not see operational restriction from this configuration rule.

	Nokia, NSB
	We are OK with the proposal. We don’t see any issues with using the Rel-16 IE for configuring the feature, what we simply need is a new capability telling the (new) network that the UE can support this configuration. Due to this we would prefer using the legacy and avoid RRC changes on configuration signalling. This is not a blocking position, though.
We also agree that we should be able to assume full frequency overlap.

	ZTE
	We are fine with the proposal. 
Regarding the FFS, we also don’t see any issue by reusing the legacy RRC parameters. And we don’t see a need to introduce a new RRC parameter separately from coresetPoolIndex to enable the new Rel-18 feature as commented by NTT DOCOMO. 
If new parameters for overlapping CRS patterns are introduced, we also agree with Qualcomm that it should clarify in the spec to restrict the simultaneous configuration of the legacy and new parameters. 
Regarding interpretation #1 vs #2, our understanding is also #2. Otherwise it seems meaningless to introduce two exactly the same LTE-CRS pattern lists. 

	Apple
	Fine with the proposal. regarding reusing existing parameter or introducing new parameter, we slight prefer new parameter, it make spec clearer. Reusing the existing parameter means the MTRP and Rel-18 DSS could not work together, maybe it’s not big deal.
Regarding interpretation #1 and #2, our understanding is #2. 

	Spreadtrum
	We support the proposal. Same understanding that legacy parameter or new parameter can both work. We just think it would be clear to give a new parameter to make everything clear, including the function in 38214, and parameter description in 38331.
For Interpretation #1 or #2, #2 is our understanding. 

	HW/HiSi
	1) Support
2) No strong view. We share similar view as Qualcomm, ZTE that if new parameter is introduced, three overlapping CRS patterns configuration needs to be precluded.
3) Regarding the “fully overlapping in frequency”, our understanding is also interpretation#2.

	Ericsson1
	Our preference is to use new parameter name as it makes spec description simpler to differentiate the case with multi-TRP configured or not. If new parameter name is used the description can be as below. If lte-CRS-PatternList2 is reused then conditions “at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1” have to be revised based on Rel18 capability supported or not. Regarding Interpretation #1 or #2 our understanding is #2.
	Lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	Lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.  Network configures this field only if the field lte-CRS-PatternList1 is configured.




	Xiaomi
	Support in principles. For the FFS point, if existing RRC parameter lte-CRS-PatternList1-r16 is reused, another parameter lte-CRS-PatternList2-r16 should be reused too. If introducing new RRC parameter(s), any existing RRC parameters should not be reused.

	Samsung
	1) Support
2) Fine with reusing legacy parameter
3) Our understanding is also ‘Interpretation #2’

	LG
	1) Fine with the proposal
2) Fine with reusing legacy parameter
3) Our understanding is also ‘Interpretation #2’



Second Round
Regarding legacy parameters vs new parameters, it seems companies don’t hold strong view overall, though some companies showed their slight preference. 
Meanwhile, three companies (Qualcomm, ZTE, HW/HiSi) commented that, if a new IE is introduced, the spec should make sure that legacy IE for two overlapped CRS RM patterns (for R16 m-DCI m-TRP) and new IE for two overlapped CRS RM patterns (for R18) are not configured simultaneously for the same serving cell. One company (NTT DOCOMO) think that, if lte-CRS-PatternList2-r16 is to be reused, it would be necessary to introduce a new RRC parameter separately from coresetPoolIndex to indicate the application of two lte-CRS-PatternList. While no other company share this view. 
From FL perspective, either way is ok, and no need for us to spend too much time on this. So, FL would like to recommend to simply reuse the legacy parameters. This could at least save us some time to discuss the new RRC parameters in a late phase of Rel-18. 
Regarding the two interpretations brought up by OPPO, all companies agree with Interpretation #2. Then, the legacy configuration rule in frequency can be reused. A minor update on the last sub-bullet is made based on the comment from Qualcomm. 
With above, FL would like to propose the following updated proposal. 
Proposal #1-v1: 
· If the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, up to two overlapping LTE CRS patterns can be configured simultaneously by RRC for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· Reuse the existing RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
· FFS reuse the existing RRC parameter lte-CRS-PatternList2-r16 in ServingCellConfig. 
·  The following legacy configuration rule restriction in TS 38.331 is applied in Rel-18 DSS. 
· “The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.”

	Company
	Comments

	FL
	Please provide your comment ONLY IF YOU HAVE STRONG CONCERNS. FL hopes that we can quickly conclude on this and proceed on the TP. 

	FL
	A typo is corrected above.

	Comments by email
	Vivo: 
My understanding is that the CRS list is provided per serving cell, while the MTRP configuration is per BWP (as CORESET configuration is per BWP). Then, it seems possible that in Rel-16/17, a UE can be configured with a MTRP BWP and another BWP without MTRP, and the UE performs RM on two CRS patterns in the MTRP BWP, while single CRS pattern in the other BWP. Is it correct? If it is the case, reusing the legacy parameter for a Rel-18 UE means that in this scenario, the UE would perform RM on two CRS patterns in either of the BWP, is it correct understanding?
Ericsson: 
Thanks for the discussion. The summary gives following motivation for current proposal --  “From FL perspective, either way is ok, and no need for us to spend too much time on this. So, FL would like to recommend to simply reuse the legacy parameters. This could at least save us some time to discuss the new RRC parameters in a late phase of Rel-18. ”.  However, spec modifications required to reuse legacy list appear less straightforward than having a new list. If this was a maintenance discussion for previous release, I could see some justification for avoiding new RRC parameter but for Rel18 I don’t see any issue. Looking at the TPs you have referred to in section 2.3, most proponents did not seem to consider changes needed to 38.331 for how to reuse the old list, and the only proposal I could see (copied below) appears incorrect.
 
[image: IMG_256]
 
So, we still propose to configure a new list and not reuse the list linked to multi-TRP (WID intention was also “….regardless of support or configuration of multi-TRP” )

OPPO:
Thanks for the continuous discussions!
Basically either reusing the existing parameter or introducing a new parameter is fine for us with the understanding that “Interpretation #2” for the legacy restriction is  the common understanding.
@ Ravi, For the spec changes to 38.331, first our suggested change is as following as summarized in the FL summary (we copied below).
Second, for your highlighted text “A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1.”, I guess your concern is that if the lte-CRS-PatternList2 is reused, then the CRS rate matching patterns in list 2 may not be used for PDSCH scheduled with DCI corresponding to CORESETPoolIndex 0 as illustrate by the highlighted text. If it is, we see the similar situation already appears in Rel-16 since there is a branch of “otherwise , REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig” in the current 38214 text. To our understanding, the “otherwise” branch means, in Rel-16 if UE is NOT configured with crs-RateMatch-PerCoresetPoolIndex, UE will rate match REs from both list 1 and list 2 for the PDSCH, even if the PDSCH is associated with CORESETPoolIndex 0. Please correct me if I have some wrong understanding.
 
	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.


 
Xiaomi:
We are also fine with reusing existing parameters or introducing new parameters. To avoid spending too much time on this. It seems that introducing new parameters can avoid the scheduling limitations as vivo clarifiers, i.e., if reusing existing parameters, the UE must perform RM on two CRS patterns on the  BWP after switching when the BWP before switching is with MTRP configuration. The serving cell needs to update the CRS list configuration if the UE needs to perform RM for one CRS pattern on the BWP after switching.

	FL
	
Based on the comments above, FL would also like to check the other way around. That is, whether any companies have concerns on introducing new RRC parameters. 

· Reuse the existing RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig.

	OPPO
	We think the key issue with the FL new proposal is that: 
· On one hand, the two sets of configurations (list1 and list2 for MTRP, and list3/list4 for R18 DSS) use separate signalings. 
· On the other hand, the two sets of configurations apply to the same UE behavior (PDSCH rate matching). 
Then some discussions are needed to clarify regarding to the correlation between the two sets of configurations, which would have been avoided. For example, assume the two configurations for MTRP and R18 DSS can be configured at the same time,
1) should the UE be ready to handle the case with PDSCH rate matching where CRS pattern X in CRS list1 partially overlaps with CRS pattern Y in CRS list3 (say pattern X has 2 ports while pattern Y has 4 ports, and 2-port parts are fully overlapping on RE level)? 
FL: Even the two configurations can be configured at the same time, the UE should not perform more than 2 rate matching patterns at the same time. That is, the UE uses either list1/2 for rate matching in BWP with multi-DCI M-TRP or list3/4 for rate matching in BWP with Rel-18 DSS. I have updated the proposal with one sub-bullet to clarify this below. 
2) should the legacy configuration rule restriction in TS 38.331 listed in the last bullet of Proposal #1-v1 be extended not just between list1 and list2 and between list3 and list4, but across all 4 lists?
FL: It seems no much need for such extension if the UE should not perform more than 2 rate matching patterns at the same time. 
With the proposal missing the description for correlation between the two sets of configuration, we would rather think the proposal itself is incomplete.  
If the two configurations for MTRP and R18 DSS cannot be configured at the same time, would this be a unnecessary limitation?   
FL: Agree 

	Spreadtrum
	We are supportive of two parameters. It is clean configuration especially considering there may be a case that Rel-16 and Rel-18 CRS pattern lists switching per BWP, but they are not simultaneously required. 

	vivo
	For reusing legacy parameters, we are fine if network vendors feel it is ok to not consider the combination {single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns} in R18

For new parameters, we need to clarify the following aspects:
First, need to clarify which direction to take:
Direction1.If FL assumed that list3/4 should be used for single TRP case only, there would be the following cases for consideration:
1. Case1. legacy MTRP BWP with list1 or list1+2
2. case2. legacy single TRP BWP with list1 
3. case3. R18 single TRP BWP with list3
4. case4. R18 single TRP BWP with list 3+4
It is stated in the TP that list1 and list3 cannot be configured at the same time, I guess this restriction may be to allow single TRP with single CRS pattern (otherwise it is not clear which list should be used for RM when both list1 and list3 are provided), in other words, case2+case3 are not supported at the same time.  
List4 can be configured only when list3 is configured and the corresponding R18 DSS capability is indicated. Therefore, list1/2 and list3/4 cannot be configured at the same time as stated in TP2. However, this would result in no CRS pattern for rate matching for MTRP case when list3/4 are configured for single TRP RM.
One way to solve the issue is to allow gNB to configure list3/4+list1/2 at the same time, in addition, UE should ignore list1/2 and apply list3/4 for RM for single TPR BWP while applying list1/2 for RM for MTRP BWP.

Direction2. If list3/4 can be used for both single TRP and MTRP cases, in our view, there are the following cases for consideration:
1. case1. R18 single TRP BWP with list3
2. case2. R18 single TRP BWP with list 3+4
3. case3. R18 MTRP TRP BWP with list 3+4
As the new parameters are for both MTRP and single TRP, list1/2 and list3/4 cannot be configured at the same time(or, new parameters will override the legacy parameters). In addition, as CRS patterns are per cell configured, neither case1+case2 nor case1+case3(single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns) will be allowed at the same time in R18. So applying new parameters for both single/M-TPR has the same issue as reusing the legacy RRC parameters. But if gNB wants to deploy that combination, it can re-configure list1/2 to fallback to R16. 
I am not sure if per coresetPoolIndex RM based on list3/4 should not be allowed if TP2 was based on this direction. there are no corresponding descriptions in TP2 for 214. Do we also need to add a TP for supporting per coresetPoolIndex RM based on list3/4? Otherwise, it seems that single TRP with two CRS patterns(which is based on list3/4 as proposed in the TP) and per coresetPoolIndex RM with two CRS patterns(which is based on list1/2 if following legacy behavior) cannot be supported simultaneously.
Xianghui:  My intention was direction 1, as it may not be a clean way to involve the coresetPoolIndex for list3/4 and it also have similar problem as reusing legacy RRC parameters as you pointed out. I have updated the TPs in section 2.3. 
Second, one more issue that needs calrification is: what is the expected configuration/UE behavior when a UE indicates R18 DSS capability+supporting of MTRP but no supporting of overlapRateMatchingEUTRA-CRS-r16 (which means it do not support two patterns for MTRP but support two patterns for single TRP), do we need to consider this case? From our point of view, it seems be an invalid case.
Xianghui:  This could be further discussed in UE feature discussion. While, even it is allowed, it seems no issue for direction 1. 
Direction1: gNB provides list3 and/or 4+list1, UE uses list3 and/or 4 for single TPR RM+ list1? for MTPR RM
Direction2: gNB provides list3 and/or 4, UE uses list3 and/or 4 for single TPR RM+ list3? for MTPR RM


	FL
	If legacy RRC parameters are reused, and configuration of single TRP for some BWPs and M-TRP for the other BPWs is allowed, there could be some potential restrictions in case dynamic BWP switching is enabled. 
· The combination (single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns) supported in Rel-16 cannot be supported in Rel-18. On the other hand, this may not be a big issue as analyzed below. 
·  		If gNB thinks the strongest interference from two neighbor cells should be considered, two LTE-CRS patterns should be configured, no matter for single TRP or M-TRP case. Otherwise, only one LTE-CRS pattern can be configured. Note that, even we introduce two new RRC parameters, we cannot support combinations like (single TRP BWP for one CRS pattern + another single TRP BWP with 2 CRS patterns). This simply because the nature of configuration per cell instead of per BWP. 
· When the two overlapping LTE CRS patterns are configured, Rel-16/17 UEs only performs rate matching around the first CRS pattern for the BWP configured with single TRP while Rel-18 UE would take both two CRS patterns into account. This may cause ambiguity among Rel-16 gNB and Rel-18 UEs, if such deployment of legacy gNB with new UEs exits. 
From NW configuration point of view, there might be restrictions of reusing legacy RRC parameters as above. 
Given there is company showed concern on reusing legacy RRC parameters while no companies concerned on introducing new RRC parameters, let’s go with the following proposal. The proposed TPs are also provided in section 2.3. 
Proposal #1-v2: 
If the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· The two new RRC parameters can be configured simultaneously with lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
· A UE only performs rate matching for a PDSCH around up to two overlapping LTE CRS patterns, i.e., either the two legacy overlapping LTE CRS patterns or the two Rel-18 overlapping LTE CRS patterns. 
·  The following legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e., 
· “The first LTE CRS pattern in this list lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList13, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 

	OPPO
	Thanks for FL’s efforts. Unfortunately the latest proposal has even more issues from our view, including: 
1) We do not see any essential difference between configuring just one of the two functions at a time and configuring two functions but allowing only one to perform at a time.  
FL: If only one function (e.g., new list3/4) is configured, and if the function cannot be applied to the other function (e.g., the multi-DCI M-TRP), it would be too restrictive. If we go with Direction 2, i.e., the proposal from Ericsson below, it cannot support some combination (single TRP BWP with one CRS pattern + M-TRP BWP with 2 CRS patterns), which is similar as reusing legacy list1/2. 
If two functions are configured, allowing only one to perform at a time at per BWP level could allow list1/2 for BWP configured with multi-DCI M-TRP and list3/4 for BWP not configured with multi-DCI M-TRP. In addition, it can support combination (single TRP BWP with one CRS pattern + M-TRP BWP with 2 CRS patterns). 
2) The proposal is not clear about how a UE selects between list1+list2 and list3+list4. A likely next-step seems to create a MAC-CE or even DCI indication to switch between the two, because it is strange to semi-statically switch between two semi-statically configured pattern list combinations. But at this stage, we think it is an over-tune to add MAC-CE or DCI mechanism considering the TU.
FL: It intends to be based on whether it is multi-DCI M-TRP PDSCH or not.
3) FL mentions in the 1st round that any more than two pattern lists are out of WID scope due to conflict to the following WID task. But now the proposal is to configure 4 patterns. 
· 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]
FL: That was my original understanding. While with the comments from vivo, I realized there could be different understandings. That’s why I proposed two directions for companies’ check. 
By reading the comments so far, it seems that only reuse of list1+list2 is able to meet the target and meanwhile compatible to WID. The concern raised by Ericsson regarding to following 38.331 text is a valid one, but the concern should go to Rel-16/Rel-17, because the concerned 38.331 text already failed to fit existing 38.214. 
FL: Direction 2 is also ok. The proposal from Ericsson can be a starting point. 
Direction2: gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.

Concerned 38.331 text: 
	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1.


  
Current 38.214 text: 
	-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.



The above highlighted “otherwise” branch in 38.214 indicates that “lte-CRS-PatternList2” needs to be configured even without linkage to CORESETPoolIndex=1. Therefore current 38.331 needs update anyway even up to Rel-17, and it is better not to use the current problematic 38.331 text to argue against reuse of list1+list2. 


	Ericsson2
	To start with lte-CRS-PatternList2 as it is currently specified (i.e., to be used only when two CORESET pools are configured) and change it to make it applicable for “regardless of regardless of support or configuration of multi-TRP” case as required by WID makes the text related to lte-CRS-PatternList2 more complicated and we want to avoid it. 
We prefer below approach for introducing the two new lists. It ensures that two patterns are configured and can be used regardless of M-TRP configured or not. Related TPs are shown in our comments for section 2.3
Proposal #1-v2 (Alt-E///): 
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. Lte-CRS-PatternList4-r18 is configured only if lte-CRS-PatternList3-r16 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 


	Qualcomm
	Ericsson’s proposal, Proposal #1-v2 (Alt-E///), is exactly what we have proposed over the email reflector. We prefer this proposal.


	HW/HiSi
	1. It may be more appropriate to let RAN2 experts to update 331, RAN1 only needs to provide the detailed RRC parameters list to RAN2. In our understating, reusing the legacy can be the following cases if RAN1 decides to go this way. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList1-r16 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList2-r16 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList2 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 
2. We share similar view as OPPO that 3 or 4 overlapped pattern should be avoided if new list is introduced. This should be clear in the RAN1 proposal. For the proposal from E//, only list3 configuration without list4 should be precluded.


	vivo
	It seems that list3/4 are applied to both MTRP BWP and single MTRP BWP in the proposal from Ericsson (same as direction2 in our previous comments). As we commented before, applying new parameters for both single/M-TPR still has the same issue as reusing the legacy RRC parameters, i.e., performing RM based on different CRS patterns by BWP switching would not be allowed in R18, but if majority are fine with not supporting this scenario, we are also ok with it as this is totally up to NW configuration. There is no need for further enhancements. 

	Apple
	Our interpretation of WID is direction 1, Rel-18 DSS just removes the restriction that two overlapped RM patterns are only applying for mTRP. Updating the mTRP operation, i.e., configure pattern list3/4 for mTRP, in DSS WI seems beyond this WI scope..
· Direction1: gNB can configure legacy list1/2 and new list3/4 together. UE applies list1/2 for PDSCH scheduled in a DL BWP with configuring CORESETPoolIndex = 1, and applies list3/4 for PDSCH scheduled in a DL BWP without CORESETPoolIndex = 1.


	Spreadtrum
	Four parameters make the whole procedure more complex than the objectives. It is only want to support two overlapping CRS pattern without the configuration of m-TRP. But now the Proposal #1-v2 (Alt-E///) support two functions includes two overlapping CRS pattern without the configuration of m-TRP, and with the configuration of m-TRP. Actually, the latter one have been supported by list1 and list2. It is duplicated function by two sets of parameters, because there is no different to use list 1 and 2 if m-TRP is configured.
In addition, we do not understand why list 1 cannot be used with list 3 if it is for the new CRS patter list when without m-TRP configuration. 
The following is our preference for the configuration. It has no impact for Rel-16 parameters, and it can support Rel-18 feature well, in addition, it can also support m-TRP and single-TRP CRS pattern lists switching per BWP.
· If UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet (Rel-16 mechanism)
· List1 and/or List2 
· If UE is configured by [new parameter to enable Rel-18 CRS pattern list], and not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet
· List 1 and List3
FL: I can understand your preference. I have asked whether companies have concerns on introducing two new RRC parameters by email before. As no companies raised concerns, I then proceeded in this direction. In addition, as commented by Ericsson and others, their interpretation of applying two overlapping CRS patterns is “regardless of regardless of support or configuration of multi-TRP”. 



Third Round
@OPPO @Spreadtrum, Please find my inline reply above.
@HW/HiSi and all, FL thinks HW’s comment to preclude only list3 configuration without list4 is valid. Because, when NW would like to configure only one LTE CRS pattern for RM, NW doesn’t need to configure list3/4. 
@All, We have discussed several alternatives for this issue, summarized as follows. 
·  Reusing legacy RRC parameters 
·  ==> this seems concerned by some companies. 
·  Direction 1 for introducing new RRC parameters: gNB can configure legacy list1/2 and new list3/4 together. UE applies list1/2 for PDSCH scheduled in a DL BWP with configuring CORESETPoolIndex = 1, and applies list3/4 for PDSCH scheduled in a DL BWP without CORESETPoolIndex = 1. 
·  ==> This could be technically better in terms of configuration flexibility to allow more potential cases. While, some companies think this could be out of scope.  	
·  Direction 2 for introducing new RRC parameters: gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.
·  ==> Ericsson provided a proposal based on this direction and seems ok with companies. The proposal is updated based on HW’s comment below. 

Proposal #1-v3
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. Lte-CRS-PatternList4-r18 is configured only if lte-CRS-PatternList3-r186 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 

	Company
	Comments

	MediaTek
	We are generally fine with such direction. However, introducing two new IEs for a similar functionality (rate-matching with LTE CRS patterns) might not be needed. In our view, reusing lte-CRS-PatternList1-r16 and introducing lte-CRS-PatternList3-r18 may also achieve the same feature described by Proposal #1-v3. That is,
Proposal #1-v34
· Introduce two one new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. Lte-CRS-PatternList43-r18 is configured only if lte-CRS-PatternList31-r186 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList31-r186 and lte-CRS-PatternList43-r18, both lte-CRS-PatternList31-r186 and lte-CRS-PatternList43-r18are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList31-r186 and lte-CRS-PatternList43-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList31-r186 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList43-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList31-r186 and lte-CRS-PatternList43-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList43-r18 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList31-r186, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 
We don’t have strong view on introducing one or two new IEs and we simply think one new IE is enough(assuming we didn’t misunderstood anything…)
 

	Xiaomi
	Support the proposal. Although introducing two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 fails to remove the scheduling limitation of reusing existing RRC parameters, i.e., single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns, according to FL’s clarification, this is not a big issue. The two new RRC parameters are friendly to gNB configuration. 
On the other hand, as we commented before, a clean way of introducing two RRC parameters or reusing existing parameters was preferred. A mixed configuration of lte-CRS-PatternList1-r16 and lte-CRS-PatternList3-r18 should be low priority.

	QC
	Regarding the Proposal #1-v3, first sub-bullet of the first main bullet is: “lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig”. This should be as follows, correct?
 
lte-CRS-PatternList3-r18 is configured only if lte-CRS-ToMatchAround or lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig

	Vivo
	Applying new parameters would not allow RM with different CRS patterns during switching between single TPR BWP and MTRP BWP in R18, but it seems no company has strong concern on this, so we are ok with this proposal. Regarding the change proposed by Fred in the reflector, we think some refinements may be needed
lte-CRS-PatternList3-r18 is configured only if neither lte-CRS-ToMatchAround nor any of lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not is configured in ServingCellConfig

	FL
	Technically, either reusing legacy IEs or introducing one IE or introducing two IEs can work. Based on the three-round discussion, FL observes that the current direction (introducing two IEs) could be more acceptable, so that I would suggest sticking to this way. 
@MTK, Thanks for being flexible. 
@QC, vivo, Thanks for the suggestion. Please check my update below using similar text as legacy. 
Proposal #1-v4
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 


	OPPO
	We share similar view with MTK that introducing two new IEs for a similar functionality might not be needed. Moreover, it seems time now to think about impact to UE feature/capability: 
· On one hand, list3+list4 is designed to cover MTRP case and even to push away list1+list2. 
· On the other hand, legacy UE feature on MTRP case works on list1+list2. RAN1 may not be able to change this unless Rel-18 redefines UE feature/capability for MTRP case to include list3+list4, which however we suppose is out of WID scope.    

	Apple
	We support to introduce two new RRC parameters. As for Pattern list3/4 applied to MTRP, we share the same views as OPPO. We don’t know the technical reason to replace Pattern list1/2 with Pattern list3/4 for MTRP. It makes the network configuration and management of the MTRP UE complicated. UE would implement both features with the similar functionality.

	FL
	For current proposals, the Rel-18 DSS capability(ies) of supporting two overlapping CRS patterns cover both single TRP and M-TRP. This is still within the scope according to this. Ifit only cover single TRP, then Direction 1 (i.e., configuring list1/2  for single TRP and list 3/4 for M-TRP simultaneously) would be within the scope. This seems not the case for many companies. 

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]


	OPPO
	After going over the whole package on the table now, including the one for UE feature/capability, it seems your intention is indeed to create a Rel-18 UE feature/capability to include the legacy MTRP-based  CRS RM. The reasons for us to think what is proposed now could be somehow out of scope include:
   --- WID says to specify feature X regardless of feature Y, it does not say to specify feature X (two CRS pattern for RM) that includes feature Y (two CRS pattern RM for multi-TRP); 
   --- what can be called after "regardless" is something in legacy, but now the proposal puts the legacy operation (based on list1+list2) completely out of the way.
Nevertheless, for the sake of progress, if we are the only company concerning the match with WID, and considering different companies could have different understanding about such match, we could be ok to accept the proposal.  

	MTK
	We originally have no particular concern on introducing new list3+list4. However, after Wenfeng’s explanation, we also have the same confusion on whether we should specify the behavior for M-TRP. Even we introduce the new lists which can be applied for M-TRP, It’s still strange to us that the new list works the same as old lists. Therefore, we tend to support Wenfeng’s understanding and whether the new feature can be applied to M-TRP without other WI’s input should be clarified before we make the agreement.

	Apple
	We support to introduce two new RRC parameters. As for Pattern list3/4 applied to MTRP, we share the same views as OPPO. We don’t know the technical reason to replace Pattern list1/2 with Pattern list3/4 for MTRP. It makes the network configuration and management of the MTRP UE complicated. UE would implement both features with the similar functionality.    

	QC
	We support the FL proposal. Just to understand, could someone explain what exactly the technical concern is? Note that we do not think we need to get an input from other WI to agree that a new feature in this WI can be applied to M-TRP.

	vivo
	Regarding MTK’s comments, if I understand correctly, the reason to replace list1/2 with list3/4 for MTRP is to ensure the number of configured patterns would not be large than 2. If we go back to direction1(list1/2 for MTRP, list3/4 for single TRP), gNB should be allowed to configure up to 4 lists, which conflicts with the WID. The new lists work in the same way as the old lists for MTRP, but they further allow RM for single TRP with 2 patterns at the same time. Thus, this feature is different from R16 and is entirely sth new in R18 DSS. There is no need to request inputs from other WI, companies may check this internally.

	Apple
	For both direction 1 and direction 2, it’s clear only two overlapped LTE CRES RM patterns can be configured for a UE, either list 1/2 or list 3/4. The maximum number of LTE CRS RM patterns will not increase. 

I have the same understanding as Rvai on current proposal, which is based on direction 2. My point is according to spec if two different values of coresetPoolIndex in ControlResourceSet are configured, then pattern list 1/2 can be configured in Rel-16. Now in Rel-18, the pattern list 3/4 could be configured for MTRP if pattern 1/2 list are not configured. From UE perspective, it’s just two overlapped LTE CRS RM patterns whatever it named as Pattern list 1/2 or pattern list 3/4, there is no difference. Thus introducing pattern list 3/4 for MTRP case is redundant. 
From implementation perspective, If UE already implemented Rel-16 MTRP feature and plan to support Rel-18 DSS, the UE would support both list1/2 and list 3/4. As UE will not remove already supported list1/2 with additional effort and risk. Additional implementation effort is required to support list3/4. But with direction 1, no additional effort is needed.

	vivo
	I am not sure if I understood your first comment correctly, are you proposing direction1 with either list1/2 or list3/4 configured? But currently, CRS lists are per cell provided, if only list3/4 are configured in direction1, CRS-based RM will be performed only for PDSCH reception on a single TRP bwp, if UE switches to a MTRP bwp, there would be no CRS pattern for PDSCH reception. I don’t think it is a reasonable configuration as explained by FL that the two LTE neighbor cells with the strongest interference may not change in real deployment regardless of the MTRP configuration. or if I misunderstood anything?

	
	



· Update	
First of all, no companies showed concerns on introducing two new RRC parameters. FL suggests we should at least stick to this and not going back and forth. With this assumption, it seems companies have different understandings on the directions: 
· Direction 1: gNB can configure legacy list1/2 and new list3/4 simultaneously. UE applies list1/2 for PDSCH scheduled in a DL BWP with configuring CORESETPoolIndex = 1, and applies list3/4 for PDSCH scheduled in a DL BWP without CORESETPoolIndex = 1. 
·  OPPO, MTK, Apple
·  ==> It’s FL’s understanding that companies not ok with Direction 2 support Direction 1. 
· Direction 2: gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.
· Ericsson, Qualcomm, Xiaomi, vivo, OPPO (can live with), HW/HiSi? 
· Direction 3: gNB cannot configure legacy list1/2 and new list3/4 simultaneously. UE applies list1/2 for PDSCH scheduled in a DL BWP with configuring CORESETPoolIndex = 1, and applies list3/4 for PDSCH scheduled in a DL BWP without CORESETPoolIndex = 1. 
·  ==>This direction seems too restrictive as it cannot support LTE CRS RM for single TRP and multiple TRP together. Below is an example provided by FL below. 
· For instance, BWP#1 and BWP#2 are configured with single TRP and multi-DCI based M-TRP respectively. If only legacy LTE CRS pattern lists are configured, then the UE cannot do any LTE CRS rate matching for BWP#1. Similarly, if only new LTE CRS pattern lists are configured, then the UE cannot do any LTE CRS rate matching for BWP#2. 

The fundamental question is whether a UE can be configured with more than two overlapping CRS patterns in Rel-18 DSS. After rounds of discussion, FL tends to agree it is out of scope. In such case, it seems Direction 2 is the only option considering Direction 3 is restrictive for CRS RM operation.  
· 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]

The concerns on Direction 2 mainly include: 
· Out of scope:
· ==> It seems not the case due to this part of the objective. 
· Need input from other WI: 
· ==> Not sure what input is needed. 
· It makes the network configuration and management of the MTRP UE complicated. UE would implement both features with the similar functionality.    
· ==> Direction 2 seems clean and easy to implement as gNB can only configure either list1/2 or list3/4 for a UE. Instead, a UE needs to maintain 4 configured lists for Direction 1. For extension to M-TRP by list3/4, a Rel-18 UE can choose not to report legacy FG 14-1a for M-TRP and only report Rel-18 DSS capability, so that gNB can only configure list3/4 for the UE. This can avoid implementing duplicated functionality at UE side. 

According to above, FL still thinks the following proposal is the most appropriate WF now. Hope this could be acceptable, though may not be your first preference. 
Proposal #1-v4
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.” 

	Company
	Comments

	MediaTek
	Thanks Moderator’s efforts on copying all the email discussion so we don’t miss any information!
Let us clarify our position. We don’t have strong preference on using legacy list1+list2, or introducing new list 3+4, or just introducing one list3 as what we mentioned. In our view, all three alternatives can work with some scheduling restriction. For example, all three alternatives can’t support 
single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns.
Moreover, as summarized by Moderator, using legacy list1+list2 will face the issue of ambiguity among Rel-16 gNB and Rel-18 UEs when the list1+list2 are configured, if such deployment of legacy gNB with new UEs exits. I assume this deployment exists? So companies move to introducing two new list3+list4.
FL: After checking with my RAN2 colleague, it seems such deployment scenario could be typical especially in some rural scenarios, and it is important to consider in RAN2 discussion. 

Although there is no technical concern for such direction, it causes some duplicated functionality by using different configuration parameters when m-TRP operation is consider. One consequence pointed out by Oppo is legacy list 1+list 2 might not be used for Rel-18 UEs. The other consequence pointed out by Apple is Rel-18 UE will still implement llist1+list2 and list3+list4 since gNB can still configure list1+list2. Therefore, to us, this solution is not a good design, even though it might work. If this is the only meeting we have, we can support the working solution. However, we still have one meeting and some other alternatives might work better. For example, allow gNB to indicate which S-TRP BWP should use two legacy list1+list2 and which S-TRP BWP should use legacy list1 for Rel-1 UEs. In this case, legacy list1+list2 can be used and single TRP BWP for one CRS pattern + M-TRP BWP with 2 CRS patterns can be supported for Rel-18 UEs. 
FL: Firstly, my understanding is the functionality is not duplicated while only the triggering might be different. In addition, if a Rel-18 UE only reports Rel-18 DSS capability for support of CRS RM for M-TRP, gNB would not configure list1/2, and therefore multiple triggering for a same functionality can be avoided. Anyway, FL thinks this could be further discussed during UE feature discussion. 
Our position is not to consider other alternatives at this moment. We simply think we might not rush on supporting Proposal #1-v4 when some drawbacks have been identified and we still have time. Of course, if companies don’t think we have more time on this topic, we can go with majority view. 

       

	HW/HiSi
	In the last sub-bullet of this proposal, it should be lte-CRS-PatternList3 rather than list1 below. And we are fine with this proposal.
“The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1 3, and so on.”

And for single TRP BWP for one CRS pattern mentioned by many companies, one clarification maybe needed. Based on the spec below, the pool index for this single TRP BWP can be only 1. So for the single BWP with pool index 1, which list should be used, list 1 or list 2?
FL: I am wondering whether it is typical to configure only one list with pool index as 1 for single TRP BWP in legacy. Even it happens, my understanding is it should use list 1 as it is still single TRP case. If needed, I can carry out a round of clarification on this point. 
[image: ]

	OPPO
	Thanks FL for the proposal.
First, we want to clarify our position that we are not supportive for Direction 1 since we think it is out of scope as mentioned by FL.
Our original intention is reusing legacy parameter list1+list2 may be the best way after further thinking of pros and cons, but for sake of progress, we can accept to introduce new RRC parameters. For the three directions on the table, we tend to suppose Direction 2 is the better way forward. So we are fine with the current proposal with HW’s modification.

	NTT DOCOMO
	We are fine with the proposal with the typo correction.

	ZTE
	OK with the proposal. 
We agree that Direction 1 is cleaner while it seems out of scope. For Direction 2, we don’t see more implementation complexity which may be subject to further UE feature discussion in a later phase. 



· Update	2
Summary: 
· Direction 2: gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.
· Ericsson, Qualcomm, Xiaomi, vivo, OPPO, HW/HiSi, ZTE, NTT DOCOMO, MTK (can go with majority view)  

@MTK, Thanks for being willing to go with majority view. I also added some inline reply above. 
@ HW/HiSi, Good catch. Thanks. Regarding your clarification, please find my inline reply above. 
@OPPO, Thanks for being flexible. 

I also made minor editorial updates below. 

Proposal #1-v5
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList31, and so on.” 


2.2 [Closed] UE capability
For legacy LTE CRS rate matching, the following FGs are introduced. More details on the FGs are summarized in the Annex. 
	14-1
	Multiple LTE-CRS rate matching patterns
	1)	Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)	Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	multipleRateMatchingEUTRA-CRS-r16 {
maxNumberPatterns-r16,
maxNumberNon-OverlapPatterns-r16} 

	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1 
	overlapRateMatchingEUTRA-CRS-r16

	16-2a
	Multi-DCI based multi-TRP
	1.	The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0

2.	The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0

3.	Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency

4.	Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	multiDCI-MultiTRP-r16

	16-2a-5
	Separate CRS rate matching
	1.	Whether the UE can rate match around configured CRS patterns which is associated with CORESETPoolIndex (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a and 14-1a
	separateCRS-RateMatching-r16



[2, ZTE]: For PDSCH transmission other than multi-DCI based MTRP, a new UE capability similar as FG 14-1a should be introduced to support two overlapping CRS rate matching patterns.   
[3, Spreadtrum]: Introduce a new UE capability report for two LTE CRS overlapping rate matching patterns without mTRP, and the number of the additional CRS rate matching patterns is accounted in the total number of rate matching pattern reported by the UE.
[bookmark: _Ref101901378][4, vivo]: A new UE capability should be introduced to indicate the support of two overlapping CRS patterns. Only when the new capability is reported to gNB, can gNB configure two overlapping CRS patterns to UE for PDSCH rate matching for non-MTRP case.
[14, Qualcomm]: 
· Introduce corresponding new UE capability
· NW can configure lte-CRS-PatternList1 and lte-CRS-PatternList2 without coresetPoolIndex only if the UE indicates support of this capability
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16 and the UE indicating this Rel-16 UE capability can be configured with lte-CRS-PatternList2 only if there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1

First Round 
Based on the summary above, FL would like to check companies’ views on the following proposal.
Proposal #2: 
· Introduce a new UE capability for support of two overlapping LTE CRS patterns if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure lte-CRS-PatternList1 and lte-CRS-PatternList2 without coresetPoolIndex only if the UE indicates support of this capability. 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.

Companies are encouraged to provide your views below. 
	Company
	Comments

	OPPO
	Our understanding is that Proposal #2 may depend on outcome of Proposal #1, since Proposal #1 may end up with a lte-CRS-PatternList3.  

	vivo
	Generally fine, but to avoid dependency with proposal1, maybe we can modify the sub-bullet as below
· NW can configure lte-CRS-PatternList1 and lte-CRS-PatternList2 two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of this capability. 

	NTT DOCOMO
	We agree with introducing a new UE capability. We support vivo’s update on the wording.

	Qualcomm
	On the 1st bullet, we suggest to modify as “a new UE capability(ies)”. We would like to avoid the situation where we cannot discuss more than one new UE capability in UE feature session later due to the agreement. We are OK with vivo’s update.

On the 2nd bullet, we are OK with this. At a certain time, we may need to send a LS to RAN2 to clarify this.

On the 3rd bullet, we prefer to keep FFS on this whole bullet. This is a detail of the UE capability and hence we can fix it in later phase. 

	Nokia, NSB
	Bullet 1: A new UE capability (or capabilities, even though hard to see how this would end up with many capabilities) is needed. Exact wording is somewhat secondary at this stage, but vivo and Qualcomm wordings are OK as a starting point.

	ZTE
	We are ok with the proposal with the update from vivo. 

	Apple
	We are ok with the proposal and updates. 

	Spreadtrum
	We are ok with the proposal with the update from vivo. 

	HW/HiSi
	We are fine with the proposal and the updates.

	Ericsson1
	Ok in principle to introduce new UE capability. Exact wording can be decided after converging on Proposal #1

	Xiaomi
	Generally we are fine with the proposal after vivo’s update on the wording.

	Samsung
	Support the proposal including vivo’s wording.
Regarding “a new UE capability(ies)”, although we wonder which cases QC has in mind, we can live with it for now.
On the third bullet, in the context of Rel-18 DSS, we do not expect any further increase. So we suggest to agree as it is.

	LG
	OK with the proposal and updates. 



Second Round
All companies are in general fine with the proposal with some refinements. Regarding the last sub-bullet, only one company (Qualcomm) prefers to leave it as FFS. Per FL’s understanding, no matter for Rel-16 multi-DCI M-TRP or Rel-18 DSS, only up to two overlapping LTE CRS patterns can be supported/configured simultaneously. For non-overlapping LTE CRS pattern in each list, there is also no motivation to increase the Rel-16 maximum value (i.e., 3) in Rel-18 (one may even argue it is not within the scope of Rel-18 DSS for enhancing the non-overlapping LTE CRS pattern). In this sense, FL thinks the last sub-bullet is reasonable and suggests to keep it. 

With above, FL would like to propose the following updated proposal. 
Proposal #2-v1: 
· Introduce a new UE capability(ies) for support of two overlapping LTE CRS patterns if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure lte-CRS-PatternList1 and lte-CRS-PatternList2 two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of this the capability(ies). 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.

	Company
	Comments

	FL
	Please provide your comment ONLY IF YOU HAVE STRONG CONCERNS.

	Qualcomm
	On the 3rd bullet, we still have a concern and prefer to leave it as FFS. The concern is not about PDSCH rate-matching around CRS. On the AI 9.9.1, PDCCH reception with LTE CRS REs is discussed. If RAN1 agrees to support PDCCH reception with LTE CRS REs with puncturing or superpositioning PDCCH DMRS due to CRS REs, support of multiple CRS patterns will be quite difficult. 
Of course, we do not know yet whether/how PDCCH reception is supported, whether UE capability for CRS patterns is a common or separate for PDCCH reception and PDSCH rate-matching. However, unless we see the outcome of PDCCH reception with LTE CRS REs, we would like to keep the structure of capability(ies) open.
Just to be clear, the current 1st and 2nd bullets are OK for us.

	Samsung
	We don’t see the linkage with PDCCH reception. Attempting to address the raised concern, what about the following for the third bullet (we are still fine with original one though)?
· Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.

	FL
	@Qualcomm, If I understand correctly, you think it may need to downgrade the maximum number of CRS patterns for the new capability(ies) of PDCCH reception when configured with two overlapping CRS patterns. If so, it seems the suggestion from Samsung could address your concern. 
@Samsung, Thanks for the suggestion.

Proposal #2-v2: 
· Introduce a new UE capability(ies) for support of two overlapping LTE CRS patterns if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure lte-CRS-PatternList1 and lte-CRS-PatternList2 two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of this the capability(ies). 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.


	FL
	For Proposal #2-v2, a comment was raised online to change 'if' to 'even if' in the main bullet. From FL perspective, it does NOT add additional value here. Instead, it might be interpreted that new separate UE capability(ies) can also be introduced if coresetPoolIndex =1 is configured. I can understand the current proposal 1 is to apply new lists (if configured) regardless of configuration of coresetPoolIndex, while the same new UE capability(ies) should be reused for both single TRP and M-TRP when the new lists are configured. In addition, this has been stable for days, FL urges companies be constructive here.

	Ericsson 
	To clarify our comment in GTW, the capability description should match the configuration/behavior that will be introduced. So, it should match below current Proposal #1-v3 in R1-2205259 where the new parameters apply regardless of M-TRP configuration (and not just for case when M-TRP is not configured).
 
Proposal #1-v3
1.      Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS.
1.      lte-CRS-PatternList3-r18 is configured only if lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are not configured in ServingCellConfig. Lte-CRS-PatternList4-r18 is configured only if lte-CRS-PatternList3-r186 is configured in ServingCellConfig.
2.      For case when UE is not configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
3.      For case when UE is configured with two CORESET pools, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
1.      If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
2.      Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
4.      The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS., i.e.,
1.      “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.”
In current Proposal #2-v2, “support of two overlapping LTE CRS patterns if the UE is NOT configured by higher layer parameter PDCCH-Config” does not match Proposal #1-v3. One option is to change to “support of two overlapping LTE CRS patterns even if the UE is NOT configured by higher layer parameter PDCCH-Config” as suggested in GTW. Other (more clear) option is to update the capability description as below “Proposal #2-v2 (updated):”.  
 
Proposal #2-v2 (updated):
1.   Introduce new UE capability(ies) for support of two overlapping LTE CRS patterns if the UE is regardless of UE configured or NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet.
1.      NW can configure two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of the newcapability(ies).
2.   Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
3.   Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.


	FL
	If companies are ok with Proposal #1-v3, your proposed change could be ok. Otherwise, I don't think we need to bundle the two proposals together, and would prefer to keep it (as I explained before) or simply change the main bullet to 'Introduce new UE capability(ies) for support of two overlapping LTE CRS patterns in Rel-18 DSS'. 

	FL
	FL suggests to go with the following proposal. Please no further minor refinements!

Proposal #2-v3: 
· Introduce new UE capability(ies) for support of two overlapping LTE CRS patterns in Rel-18 DSS if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of the new capability(ies). 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.



2.3 [Open] Proposed TPs
Many companies provide the TPs for support of two overlapping CRS patterns for Rel-18 DSS. The summary of the TPs are provided in the Annex. 
First Round 
If legacy RRC parameters are reused, the following TPs are proposed for companies’ check. 
· TP#1 for TS 38.214
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and the UE is configured by higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig are declared as not available for PDSCH.
<omitted text>



· TP#1 for TS 38.331
	ServingCellConfig field descriptions

	<unchanged text omitted>

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1 or if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1 or if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated.

	<unchanged text omitted>



If new RRC parameters are to be introduced, the following TPs are proposed for companies’ check. Note that, if companies prefer a clean way, it seems better to introduce two independent new RRC parameters for the two overlapping LTE CRS patterns as commented by several companies. 
· TP#2 for TS 38.214
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
<omitted text>



· TP#2 for TS 38.331
	ServingCellConfig field descriptions

	<unchanged text omitted>

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround or and lte-CRS-PatternList3, or and lte-CRS-PatternList4 simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. This list is configured if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The network does not configure this field and lte-CRS-ToMatchAround, or and lte-CRS-PatternList1,  or and lte-CRS-PatternList2 simultaneously. 

	lte-CRS-PatternList4
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured. 

	<unchanged text omitted>




Companies are encouraged to provide your views on the TPs above.
	Company
	Comments

	FL
	Some discussions was proceeded by email, and FL summarizes below in the second round.  

	OPPO
	For TP#1 for 38.331: We disagree with the change of “This list is configured only if CORESETPoolIndex configured with 1 or if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated”, because this change converts an existing necessary condition (by “only if”) to a sufficient condition (by “if”). For R18 DSS, UE’s indication of a capability does not necessarily result in a configuration. 

For TP#2, we would have a concern on the limitation that the PDSCH rate matching around CRS in legacy MTRP and PDSCH rate matching around CRS in R18 DSS cannot be activated at the same time. We do not suppose the UE implementation should cheat the specification by applying what is configured for one purpose to another purpose which has a separate configuration in spec.  

	vivo
	For TP1 for 331, the change seems to allow gNB to configure lte-CRS-PatternList2 only if Rel-18 DSS capability(ies) is indicated, which is not correct. Maybe we can try to make it clearer with following change:
“if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is not indicated, this list is configured only if CORESETPoolIndex configured with 1; otherwise, this list can be configured if lte-CRS-PatternList1 is configured.”
A legacy UE would follow the ‘if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is not indicated’ branch, while R18 DSS UE should follow the ‘otherwise’ branch.
For TP2 for 214 and 331.
We share a similar view as OPPO, further discussions are needed.
If this TP is based on direction1(list3/4 are for single TRP only), there would be some problems if list1/2 and list3/4 cannot be configured together. For example
1. when list3/4 are configured, RM based on CRS pattern for MTRP is not allowed as there is neither list1 nor list2. Thus the restriction on the simultaneous configuration of list1/2+3/4 should be removed, and additional behavior such as UE should use list3/4 instead of list1 for RM for single TRP case is also needed. For example,
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS if lte-CRS-PatternList3 is not configured, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList3 in ServingCellConfig configuring cell-specific RS if lte-CRS-PatternList3, or both lte-CRS-PatternList1-r16 and lte-CRS-PatternList3 are configured, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
…..
-	If the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet.
lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround or and lte-CRS-PatternList3, or and lte-CRS-PatternList4 simultaneously.
lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. This list is can be configured if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The network does not configure this field and lte-CRS-ToMatchAround, or and lte-CRS-PatternList1,  or and lte-CRS-PatternList2 simultaneously.
lte-CRS-PatternList4
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured.
If the TP is based on direction2(list3/4 can be used for single TRP and MTRP), should we add text for R18 DSS that is similar to R16 per coresetPoolIndex RM quoted below? Otherwise, single TRP with two CRS patterns and per coresetPoolIndex RM with two CRS patterns cannot be supported simultaneously.
	-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.




	FL
	
@OPPO, please check out the updated TPs below. 
@vivo, thanks a lot the the TPs. Below are the alternative TPs from FL with the same intention (i.e., direction 1) with you while intends not to touch legacy specification descriptions as much as possible. 



Second Round 
In case of introducing new RRC parameters, FL’s original proposed TP#2 for TS 38.331 seem not very accurate since it precludes LTE CRS rate matching for some cases. For instance, BWP#1 and BWP#2 are configured with single TRP and multi-DCI based M-TRP respectively. If only legacy LTE CRS pattern lists are configured, then the UE cannot do any LTE CRS rate matching for BWP#1. Similarly, if only new LTE CRS pattern lists are configured, then the UE cannot do any LTE CRS rate matching for BWP#2. 
What we should ensure is the UE would not perform rate matching for PDSCH among more than 2 LTE-CRS patterns simultaneously, instead of being configured with more than 2 LTE-CRS patterns simultaneously. So, the TPs are updated as follows for introducing new RRC parameters. 
· TP#2’ for TS 38.214
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 are declared as not available for PDSCH, and if the UE is configured by higher layer parameter lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
<omitted text>



· TP#2’ for TS 38.331
	ServingCellConfig field descriptions

	<unchanged text omitted>

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround or and lte-CRS-PatternList3, or and lte-CRS-PatternList4 simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET without configuring CORESETPoolIndex. The LTE CRS patterns in this list shall be non-overlapping in frequency. This list can be is configured if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The network does not configure this field and lte-CRS-ToMatchAround, or and lte-CRS-PatternList1,  or and lte-CRS-PatternList2 simultaneously. If the field is present, the UE shall ignore lte-CRS-PatternList1 for PDSCH scheduled with a DCI detected on a CORESET without configuring CORESETPoolIndex.


	lte-CRS-PatternList4
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET without configuring CORESETPoolIndex. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured. 

	<unchanged text omitted>



Companies are encouraged to provide your views on the TPs above. Note that, the TP for TS 38.331 is only for discussion purpose. If new RRC parameters are to be introduced, RAN1 only needs to provide a list of RRC parameters to RAN2 instead of an exact RAN2 CR. 
	Company
	Comments

	OPPO
	We do not support the configuration of four patterns, as explained in section 2.1. Further, ignoring list1 upon configuration of list3 has at least two issues: 
- The logic still means the CRS RM pattern for R18 DSS would abandon CRS RM operation of MTRP. Our question in the earlier comment about functionality limitation still applies. 
- Ignoring list1 has a consequence on how UE treats list2, because the current spec has a logic that list2 depends on the existence of list1. The TP is not clear about this point.    

	Ericsson2
	We prefer below Alternate TP for 38.214 and, field description to 38.331 over the proposed text from FL. This avoids the issues identified with using lte-CRS-PatternList2-r16, and is aligned with WID description to allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP (i.e., regardless of M-TRP configured or not)

--------------------------------------- start TP1 to 38.214 sub-clause 5.1.4.2 ----------------------------------
 5.1.4.2	 PDSCH resource mapping with RE level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList. The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	For the UE in RRC_IDLE and RRC_INACTIVE modes for broadcast reception, REs indicated by 'RateMatchPatternLTE-CRS' in PDSCH-Config-MCCH or PDSCH-Config-MCCH configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and 
-		if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r16 are declared as not available for PDSCH.
-		if the UE is configured by higher layer parameter lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList4-r16 are declared as not available for PDSCH. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r16 and lte-CRS-PatternList4-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList4-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList3-r16 and lte-CRS-PatternList4-r16, in ServingCellConfig.
-	Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not available for PDSCH when their triggering and activation are applied, respectively. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource determines ZP CSI-RS resource configuration identity.
-	nrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping in ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].
-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP CSI-RS. 
<unchanged text omitted>
------------------------------------ end TP1 to 38.214 sub-clause 5.1.4.2 ----------------------------

Example field description to be included in 38.331 for the parameters lte-CRS-PatternList3-r18, lte-CRS-PatternList4-r18 is shown below

	ServingCellConfig field descriptions

	<unchanged text omitted>

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. This list can be configured if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The network does not configure this field and lte-CRS-ToMatchAround, or this field and lte-CRS-PatternList1, or this field and lte-CRS-PatternList2 simultaneously.

	lte-CRS-PatternList4
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. This list can be is configured if [Rel-18 DSS capability(ies)] specified in TS 38.306 [26] is indicated. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured.

	<unchanged text omitted>





	Qualcomm
	We are OK with Ericsson’s TP.

	HW/HiSi
	For Ericsson’s TP, only lte-CRS-PatternList3 configuration without lte-CRS-PatternList4 should be precluded, is it correct? Since we are discussing the overlapped CRS pattern, only lte-CRS-PatternList3 configuration without lte-CRS-PatternList4 is non-overlapped CRS pattern.

	vivo
	We are OK with Ericsson’s TP. regarding whether to exclude the case with list3 only, we don’t have strong view, this is totally up to NW configuration.



Third Round
It seems companies are fine with the TP proposed by Ericsson. The TP is updated according to HW’s comment and also with some editorial corrections. 
Proposal #3-v1: Adopt the following TP for sub-clause 5.1.4.2 of TS 38.214. 
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList4-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.
<omitted text>



For Proposal #1-v3 in section 2.1, it has already relatively detailed IE field descriptions for the new RRC parameters. So, we may no need to further discuss the TP for TS 38.331 in RAN1. 
	Company
	Comments

	MediaTek
	Similar to our comment for Proposal #1-v3, reusing lte-CRS-PatternList1-r16 and introducing lte-CRS-PatternList3-r18 should also achieve the same feature.

	Xiaomi
	We are generally fine with the proposal.

	vivo
	Ok with the TP for 214 in general. Just two editorial changes: r16->r18
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r186 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList4-r186 if PDSCH is associated with coresetPoolIndex set to '1';

	FL
	The proposed TP is updated with editorial correction as suggested by vivo.
Proposal #3-v2: Adopt the following TP for sub-clause 5.1.4.2 of TS 38.214. 
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r186 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList4-r186 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.
<omitted text>





	OPPO
	Please see our comment in section 2.1, for the concern on UE feature/capability with list3+list4.

	NTT DOCOMO
	We are fine with Proposal #3-v2.

	ZTE
	Ok with the proposed TP. 




2.4 [Closed] Conjunction of the two objectives of the WID
[6, xiaomi] and [15, ZTE] provide their views on the conjunction of the two objectives of the WID under AI 9.9.2 and AI 9.9.3 respectively. 
	[6, xiaomi]: The behavior of NR PDCCH with two CRS-RM patterns needs to be clarified.

	[15, ZTE]: If RAN1 would support PDCCH reception in symbols with LTE CRS REs when configured with two overlapping CRS rate matching patterns, the puncturing rules should be discussed. 
· FFS whether the same puncturing rule is applied for all cases, i.e., single TRP, single-DCI based multi-TRP and multi-DCI based multi-TRP.  



==> FL suggests to discuss this after there is clear conclusion on support of PDCCH reception in symbols with LTE CRS REs. In addition, it seems more appropriate to be discussed under AI 9.9.1. 

3. Proposals for GTW session

Direction 2: Introduce two new RRC parameters (i.e., list3 and list4). gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.
· Ericsson, Qualcomm, Xiaomi, vivo, OPPO, HW/HiSi, ZTE, NTT DOCOMO, MTK (can go with majority view)  

Proposal #1-v5
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
“The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList31, and so on.”

Proposal #2-v3: 
· Introduce new UE capability(ies) for support of two overlapping LTE CRS patterns in Rel-18 DSS if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of the new capability(ies). 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.

Proposal #3-v2: Adopt the following TP for sub-clause 5.1.4.2 of TS 38.214. 
	5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r186 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList4-r186 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.
<omitted text>
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Annex - Proposed TPs from tdocs

[1, Huawei, HiSilicon]: Adopt the following TP in TS 38.214
	[bookmark: _Toc36645512][bookmark: _Toc45810557][bookmark: _Toc20317985][bookmark: _Toc29674282][bookmark: _Toc11352095][bookmark: _Toc91695424][bookmark: _Toc27299883][bookmark: _Toc29673289][bookmark: _Toc29673148]5.1.4.2	PDSCH resource mapping with RE level granularity
[bookmark: _Hlk22923417]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and the UE is configured by higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, and the UE is configured by higher layer parameter crs-RateMatch-enable-R18, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig are declared as not available for PDSCH.
[…]



[2, ZTE]: A text proposal for 38.214 is suggested as follows. 
	A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 if provided in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.



[5, InterDigital]: Text proposal to 38.214
	[bookmark: _Toc100147359]5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
A UE may be configured with any of the following higher layer parameters:
<omitted text>
-	If the UE is configured by higher layer parameter [twoOverlapping-LTE-CRS-r18] or by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
<omitted text>



[6, xiaomi]: The mechanisms of allowing a single TRP UE to support, and be configured with, two overlapping CRS-RM patterns can be realized by current specification already.

[8, OPPO]: Adopt the following TS 38.214 text for Rel-18 DSS.
	-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.


· Suggest RAN2 with following TS 38.331 text (relating to RRC parameter) for Rel-18 DSS. 
	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.



[9, Apple]: Agree on the proposed TP for UE supporting for two overlapping CRS rate matching patterns.
	5.1.4.2	PDSCH resource mapping with RE level granularity
…..
-   If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-    if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-    otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-   If the UE is configured by higher layer parameter lte-CRS-PatternList1-r18 and/or lte-CRS-PatternList2-r18 in ServingCellConfig, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r18 and/or lte-CRS-PatternList2-r18 are declared as not available for PDSCH.
……



[bookmark: _Ref101538416][11, MediaTek]: Adopt following text proposal to support two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP
-------------------------------------------Start of TP for TS 38.214 Clause 5.1.4.2-------------------------------
5.1.4.2	 PDSCH resource mapping with RE level granularity
-If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p
------------------------------------------------------------End of TP-------------------------------------------------------

--------------------------------------- start TP1 to 38.214 sub-clause 5.1.4.2 ----------------------------------
 5.1.4.2	 PDSCH resource mapping with RE level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList. The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	For the UE in RRC_IDLE and RRC_INACTIVE modes for broadcast reception, REs indicated by 'RateMatchPatternLTE-CRS' in PDSCH-Config-MCCH or PDSCH-Config-MCCH configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r16 are declared as not available for PDSCH.
-	Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not available for PDSCH when their triggering and activation are applied, respectively. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource determines ZP CSI-RS resource configuration identity.
-	nrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping in ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].
[bookmark: _Hlk512445251]-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP CSI-RS. 
<unchanged text omitted>
------------------------------------ end TP1 to 38.214 sub-clause 5.1.4.2 ----------------------------
Example field description to be included in 38.331 for the parameter lte-CRS-PatternList3-r18 is shown below
	ServingCellConfig field descriptions

	<unchanged text omitted>

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-PatternList3
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on.  Network configures this field only if the field lte-CRS-PatternList1 is configured.

	<unchanged text omitted>




Annex - Legacy specification and UE capability
---------------------------------------- TS 38.214 Clause 5.1.4.2 [3] start ----------------------------------------------------------
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-   otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-----------------------------------------TS 38.214 Clause 5.1.4.2 [3] end -----------------------------------------------------------
--------------------------------------------------TS 38.331 [4] start-------------------------------------------------------------------
ServingCellConfig ::=               SEQUENCE {
…
    lte-CRS-PatternList1-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    lte-CRS-PatternList2-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
…

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.


--------------------------------------------------TS 38.331 [4] end -------------------------------------------------------------------
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	14-1
	Multiple LTE-CRS rate matching patterns
	1)	Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)	Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	multipleRateMatchingEUTRA-CRS-r16 {
maxNumberPatterns-r16,
maxNumberNon-OverlapPatterns-r16} 
	BandNR

	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for 14-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}

	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1 
	overlapRateMatchingEUTRA-CRS-r16
	BandNR
	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling



	16-2a
	Multi-DCI based multi-TRP
	1.	The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0

2.	The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0

3.	Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency

4.	Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	multiDCI-MultiTRP-r16
	FeatureSetDownlinkPerCC-v1620
	No
	No
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

[bookmark: _Hlk42697325]Component 1: Candidate values {2,3,4,5} Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3}
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15
	Optional with capability signaling



	[bookmark: _Hlk42700411]16-2a-5
	Separate CRS rate matching
	1.	Whether the UE can rate match around configured CRS patterns which is associated with CORESETPoolIndex (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a and 14-1a
	separateCRS-RateMatching-r16
	MIMO-ParametersPerBand
	No
	FR1 only
	[bookmark: _Hlk42700422]Note: only applicable for 15kHz SCS
	Optional with capability signalling






image1.jpeg
[8, 0PPO): Adopt the following TS 38.214 text for Rel-18 DSS.

- Ifthe UE s configured by bigher ayer pasameter PDCCH-Config with o different vales of
Poolindex i Set and-is-also-configured by the higher layer parameter
Ite-CRS-PatternListl-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following
RES are declared as not available for PDSCH:

- ifthe UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS
pattern(s) in /re-CRS-PatternList]-r16 if the PDSCH is associated with coresetPoollndex set
100", or the CRS pattern(s) in /re-CRS-PatternList2-r16 if PDSCH is associated with
coresetPoollndex setto'1';

- otherwise, REs indicated by /re-CRS-PatternListl-r16 and lte-CRS-PatternList2-r16, in
ServingCellConfig.

«  Suggest RAN2 with following TS 38,331 text (relating to RRC parameter) for Rel-18 DSS.

Ite-CRS-PatternList2

CORESETPoolindex configured-with-1: The first LTE CRS pattern in this list shall be fully overlapping in
frequency with the first LTE CRS pattern in Ite-CRS-PatternList1, The second LTE CRS pattern in this
list shall be fully overlapping in frequency with the second LTE CRS pattern in Ite-CRS-PatternList1,
and so on. Network configures this field only if the field te-CRS-ToMatchAround is not configured
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For each DL BWP configured to a UE in a serving cell, the UE can be provided by higher layer signalling with .

- P < 3 CORESETs:s if coresetPoollndex is not provided, or if a value of coresetPoollndex is same for all
CORESETs if coresetPoollndex is provided.

- P <5 CORESETs:s if coresetPoollndex is not provided for a first CORESET, or is provided and has a value 0
for a first CORESET, and is provided and has a value 1 for a second CORESET.




