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1. [bookmark: OLE_LINK8][bookmark: OLE_LINK5] Introduction
In R1-2401954/R4-2403086[1], RAN4 respect respectfully request RAN1 to provide clarification on the understanding of the above RAN1 contribution reached in RAN1 #114 meeting as follow:
	Continuation of discussions triggered by R1-2307902 (rejected) from RAN1#114 
R1-2310120         Clarify number of CDM groups without data for DMRS              Qualcomm Incorporated
Conclusion
The following specification in TS 38.214 is interpreted as the UE may assume that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell.
	When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.





In this document, based on the submitted contributions, a summary of companies’ proposals on reply LS on RRC network assistant signalling for advanced receiver on MU-MIMO scenario (R1-2401954/R4-2403086) is provided.
2. Contact information
Companies are welcome to input your contact information below, for organizing F2F offline discussions if necessary.
	Company
	Name
	Email

	China Telecom
	Hang Yin
	yinh6@chinatelecom.cn

	Apple
	Haitong Sun
	haitong_sun@apple.com

	Samsung
	Youngrok Jang
	yr.jang@samsung.com

	OPPO
	Wenhong Chen
	chenwenhong@oppo.com

	ZTE
	Yang Zhang
	zhang.yang220@zte.com.cn

	Vivo
	Rakesh Tamrakar
	rakesh@vivo.com

	Nokia
	Karri Ranta-aho
	Karri.Ranta-aho@Nokia.com

	MediaTek
	Tim Frost
	Tim.frost@mediatek.com

	Qualcomm
	Yi Huang
	Yihuang@qti.qualcomm.com

	Huawei
	Yubo Yang
	yangyubo1@Huawei.com



3. Key Issues for Discussion
Based on companies’ contributions (shown in section 4), FL summarize the controversial items for making progress on the clarification into the following key issues.
[closed] Issue#1: Interpretation of specification 
Some companies (Ericsson, vivo) regarded that since the “shall” is used in the spec, it is clearly that “CDM groups without data” are not used for data transmission for co-scheduled UEs. 
[bookmark: _Hlk142334586]However, from prospective of FL, RAN4 is asking RAN1 to provide clarification on the conclusion, which has already interpreted the specification. The “may assume” is used in the conclusion since there is actually no agreement in RAN1 #114 meeting on whether the specification should interpret into “CDM groups without data” shall not be used for all the co-scheduled UEs or just the target UE. 
Thus, FL think there is no need to further discuss the interpretation of the specification in TS 38.214, the discussion on the clarification should be based on the conclusion reached in RAN1 #114 meeting directly,
Companies with different views please provide your comment in the following table.
	Company
	Comment

	Apple
	Our understanding of the conclusion reached in RAN1#114 is that 
We only define UE behaver or define specification support for the scenario “that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell”

	Samsung
	We agree with the FL’s assessment on the interpretation on the specification. We don’t need to discuss on the meaning of specification.

	OPPO
	We agree with FL that on further discussion is needed on the interpretation.

	ZTE
	We agree with FL’s assessment that we do NOT need to further discuss the interpretation of the current TS 38.214.

	vivo
	Agree that no need to change spec 

	Nokia
	Agree that there is no further need to discuss the interpretation of TS 38.214.

	QC
	Agree with Nokia.

	Huawei, HiSilicon
	Agree with FL. 

	Moderator
	Regardless of the specific understanding of the conclusion, it seems that all the companies agree to begin the discuss based on the conclusion, thus the discussion on issue#1 is closed.



Issue#2: Restriction on the gNB’s behavior 
Based on the conclusion, the current specification only explicitly specifies UE’s behaviour. For gNB’s behaviour, some companies (OPPO, Nokia, Qualcomm, Media Tek) regard that gNB should always avoid scheduling co-scheduled UEs using CDM groups without data used for data transmission, otherwise the performance degradation of advanced receiver in MU-MIMO will be caused.
While some companies (Samsung, China Telecom, Huawei, HiSilicon) suggest that since there is no explicit explanation in specs specifying that gNB should always NOT schedule co-scheduled UEs to use “CDM groups without data” for data transmission and the conclusion is already a comprise, there shouldn’t be such additional restriction on gNB. 
Since the views are diverging on how gNB perform the scheduling when there is no explicit restriction in the specs on whether gNB is prohibited to schedule co-scheduled UEs using “CDM groups without data” for data transmission explicitly. To make further progress, FL provide following options on gNB’s behaviour. 
FL’s Proposal 1:
[bookmark: _Hlk164195722]Down select one of the following interpretations for gNB’s behavior regarding the conclusion about “UE may assume”.
· Option 1: gNB should always NOT schedule co-scheduled UEs to use “CDM groups without data” for data transmission.
· Option 2: gNB’s behaviour is not restricted, gNB can perform the scheduling up to implementation.
Companies are welcome to provide your preference and views on FL’s Proposal 1 in the following table. (Other options can also be provided)
	Company
	Opt1/2
	Comment

	Apple
	Opt1
	The purpose of the standardization or specification is to align the understanding between UE and NW. We think the most reasonable deployment is to ensure all the co-scheduled MU-MIMO users are configured/indicated with the same CDM groups without data. Justification is needed to make specification more complicated than that. 

	Samsung
	Opt2
	Our understanding on the conclusion we made is middle ground between two camps. That’s why we had wording “may assume” in the conclusion.

	OPPO
	Opt1
	In our understanding, as long as UE can make the assumption for detection/interference measurement, gNB is expected to perform corresponding scheduling. Otherwise, the detection performance would be degraded at UE. In RAN1 specification, “UE may assume” is a strong restriction for gNB rather than UE.

	ZTE
	Opt2
	We share the same understanding with Samsung and companies, which is indeed the derivation of the wording “may assume” reached in the previous meeting.

	Vivo
	Opt1
	We shall follow what is described in spec, RAN1 conclusion was trying to clarify which is not binding. 

	Nokia
	Opt2
	As indicated in our contribution R1-2403001, “The UE may” is a phrasing used by the specification drafting rules TR 21.801, and RAN1 has been using the phrasing extensively in UMTS, LTE and NR specifications. The intent of this is that the UE may base its implementation on this assumption, but no guarantees are given that the network would actually be implemented so that the assumption is always true. And if this happens, the ramifications are for the network to cope with, there is no expectation for the UE to be able to handle this case any differently.
Another point of the “UE may assume” phrasing is that perhaps some implementations don’t need to rely on any such assumption, and such implementations are then not forced to make such assumption, while the implementations that benefit from making the assumption are allowed to do so.

	MediaTek
	Opt1
	We think in practice the result is Option 1, as if the gNB did something different to what the UE may assume, then it would cause degradation to UE reception performance.

	QC
	
	Not sure anything could restrict gNB behavior. gNB can do anything – just need to live with the consequences. 

	Huawei, HiSilicon
	Opt 2
	In the conclusion, the wording “may assume” implies that other implementations are also allowed, while gNB should be aware that there are also implementations based on the conclusion on market.

	
	
	



FL’s summary
The views of companies are quite divergent. For the companies supporting Opt1(Apple, OPPO, vivo, MediaTek), they think gNB needs to align the behaviour with UE to guarantee the performance. For the companies supporting Opt2(Samsung, ZTE, Nokia, QC?, Huawei), regardless they think the indication signalling is needed or not (according to the comments in the following sections), gNB’s behaviour is not restricted. From the prospective of moderator, we think it is hard to make a decision now. Just as Samsung commented, why “may assume” is used is actually a comprise since no consensus is reached in RAN1 #114 meeting. The FL’s proposal1-v2 is updated based on the above understanding.  
FL’s Proposal 1-v2:
No consensus on gNB’s scheduling behaviour regarding the conclusion about “UE may assume”.
Companies are welcome to check whether FL’s Proposal 1-v2 is acceptable and provide your views in the following table.
	Company
	Y/N
	Comment

	
	
	



Issue#3: Common understanding on UE’s behaviour
Since “UE may use” means “UE is permitted to” according to the specs, it seems all the companies agree that it is legitimate for UE to assume CDM groups without data are not used for data transmission for co-scheduled UEs according to the conclusion. What’s more, Nokia regarded that “UE may assume” doesn’t imply “UE may NOT assume”, and some companies (Media Tek, Qualcomm) pointed that, even though the NW indicates ‘the DM-RS power boosting configurations is DIFFERENT between the target UE and co-scheduled UE(s)’, UE will still ignore the indication and assume that all the co-scheduled are with the same DMRS to data power ratio. 
Based on the above condition, FL would like to check if the above UE behaviour is common understanding. 
FL’s Proposal 2:
Regardless of whether NW indicating “DMRS power boosting information of co-scheduled UEs” to target UE, UE will always assume the CDM groups without data are not used for data transmission for co-scheduled UEs. 
Companies are welcome to check whether FL’s Proposal 2 is common understanding and provide your views in the following table.
	Company
	Y/N
	Comment

	Apple
	Y
	We think we should be straight to the point that there is no need to indicate “DMRS power boosting information of co-scheduled UEs”. Unless there is good justification, we do not need to introduce a feature., 

	Samsung
	Y
	We have same view with MTK, Qualcomm and support FL’s proposal 2.

	OPPO
	Y
	We think the RRC signalling “DMRS power boosting information of co-scheduled UEs” is not needed at all.

	ZTE
	Y
	In addition to FL’s Proposal 2 w.r.t UE behaviour, we think gNB can be aware of the performance degradation even if “CDM without data” of target UE is scheduled for data transmission for co-scheduled UE(s). In other words, it can be up to gNB implementation.

	vivo
	Y
	

	Nokia
	Y
	Yes, this should be the common understanding. The “UE may always assume” would be a more in-line with what RAN1 traditionally does, as ‘may’ is what we use. 21.801 assigns a slightly different meaning for ‘may’ and ‘will’, but the critical word there is ‘always’. 

	MediaTek
	Y
	

	QC
	Y
	Agree with Nokia about the interpretation of “UE may assume”. 
With that understanding, RRC signalling “DMRS power boosting information of co-scheduled UEs” is not needed. 

	Huawei, HiSilicon
	N
	The wording is UE may assume, we do not accept to modify the conclusion that RAN1 has achieved.
For MMSE-IRC receivers, based on simulation results (R4-2308863), there’s minimal performance impact following or not following the conclusion. Only RM-L receiver studied in Rel-18 in RAN4 is impacted largely with wrong assumption of CDM. So at least there’s UE implementation using MMSE-IRC doesn’t follow the conclusion.
The intention of that conclusion is that gNB should be aware that there’s UE following the conclusion, no other implications.
[image: ]




FL’s summary
It seems that the majority view is that the UE’s behaviour won’t be impacted by the RRC signalling for DMRS power boosting indication. And according to companies(Nokia, QC, HW)’ comments, moderator suggest to updated the proposal as follow.
FL’s Proposal 2-v2:
Regardless of whether NW indicating “DMRS power boosting information of co-scheduled UEs” to target UE, UE may will always assume the CDM groups without data are not used for data transmission for co-scheduled UEs.
Companies are welcome to check whether FL’s Proposal 2-v2 is acceptable and provide your views in the following table.
	Company
	Y/N
	Comment

	
	
	



4. Initial Assessment for Reply LS
Besides, FL’s initial assessment is that RAN1 only need to clarify the legitimate behaviour of gNB and UE according to the comprehension of conclusion reached in RAN1 #114 in the reply LS to RAN4 and RAN2, but don’t make any conclusion or suggestion on whether the RRC signalling indicating DMRS power boosting should be introduced, which should be determined by RAN2 and RAN4.
FL’s Proposal 3:
RAN1 sends reply LS to RAN4 and RAN2, only clarifying the legitimate behaviour of gNB and UE based on the conclusion, whether to introduce RRC signalling will be left for RAN2 to determine.
Companies are welcome to provide your views on FL’s Proposal 3. 

	Company
	Comment

	Apple
	Our understanding is that 
RAN1 conclusion means that RAN1 only considers UE behaviour for the scenario “that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell”. 

	Samsung
	Since what RAN4 asked to RAN1 is our understanding on the conclusion what we made, we think that it is enough to send the clarification on the conclusion.

	OPPO
	It could be fine if the Reply LS clarifies the understanding in RAN1. It would be better if RAN1 also points out that the RRC parameter is useless. 

	ZTE
	Support. We tend to agree with FL’s assessment.

	Vivo
	No RRC signalling is needed

	Nokia
	We should clearly state that no RRC signalling is needed, as we have defined just one UE behaviour, where the “UE may [always] assume”. If the RRC configuration is provided, then what is the UE behaviour when it may always assume something, but it is anyway told that something else is true?

	MediaTek
	RAN1 should state that no RRC signalling is needed, as RAN1 has not specified any feature or UE behaviour that would use such RRC configuration signalling. 

	QC
	Agree with Nokia and MTK. 
There is no need to clarify gNB’s behaviour. As commented above, gNB can do anything, while just need to accept the corresponding consequence, e.g., performance loss.  

	Huawei, HiSilicon
	As we have shown in our comment to issue#3, the R-ML UE receivers will be impacted a lot by a wrong assumption on CDM group without data. So for UEs supporting the Rel-18 feature of advanced receiver, and reporting the support of such signalling, it can fallback to IRC receiver when indicated by gNB that there may be data transmission in CDM groups without data.


FL’s summary
FL has the following observations based on the comments.
· For the understanding of UE’s behaviour based on the conclusion, we think all the companies are fine to reply to RAN4 and RAN2. 
· For the understanding of gNB’s behaviour based on the conclusion, QC suggest that it is not needed to be replied.
· Many companies (OPPO, vivo, Nokia, MediaTek, QC) think RAN1 should also suggest not to introduce the RRC signalling in the LS to RAN4 and RAN2.
· For @Nokia’s question on “what is the UE behaviour if it always assumes the DMRS power boosting is adopted by all the co-scheduled UEs, but to be told the situation is different”, Huawei give a solution that UE can fallback to IRC receiver in such case.
According to the above observation, the following suggestions and proposals are given from the prospective of moderator.
Part1 - UE’s behaviour:
FL’s Proposal 3-1:
The understanding of UE’s behaviour based on the conclusion under proposal 2 should be drafted into the reply LS to RAN4 and RAN2.
Companies are welcome to provide your views on FL’s Proposal 3-1. 
	Company
	Comment

	
	. 



Part2 - gNB’s behaviour:
Since it seems no consensus on the gNB’s behaviour can be reached, moderator think that such clarification is not needed.
FL’s Proposal 3-2:
Not to clarify the gNB’s behaviour based on the understanding of the conclusion in the reply LS to RAN4 and RAN2.
Companies are welcome to provide your views on FL’s Proposal 3-2. 
	Company
	Comment

	
	. 



Part3 – introducing of RRC signalling:
Many companies suggest also replying to RAN2 and RAN4 that the RRC signalling is not needed. Moderator fully understand the motivation for these companies, but in the LS[1], RAN4 actually just ask RAN1 to provide clarification the understanding of the conclusion if any, and provide their understanding to RAN2 for designing the RRC signalling at the same time.
From moderator’s view, we think suggesting not to introduce the RRC signalling in the reply LS is kind of out of scope. However, considering many companies (more than half) suggesting to state the signalling is not needed, moderator propose to discuss whether it is acceptable for all the companies in RAN1 first. Only if we reach an agreement on whether to introduce the RRC signalling, we will draft it into reply LS.
FL’s Proposal 3-3:
From RAN1’s prospective, the RRC signalling indicating the DMRS power boosting information for co-scheduled UEs is not needed.
Companies are welcome to provide your views on FL’s Proposal 3-3.. 
	Company
	Y/N
	Comment

	
	
	. 



5. Proposals for Thursday’s online
FL’s Proposal 2-v3:
Draft the following clarification on UE’s behaviour into reply LS to RAN4 and RAN2:
· Regardless of whether NW indicating “DMRS power boosting information of co-scheduled UEs” to target UE, UE may always assume the CDM groups without data are not used for data transmission for co-scheduled UEs.
FL’s Proposal 3-v3:
Draft the following clarification on introducing the RRC signalling into reply LS to RAN4 and RAN2:
· There is no consensus on whether to introduce RRC signalling indicating the “DMRS power boosting information of co-scheduled UEs” from RAN1’s prospective.
6. Summary of companies’ views
The summary of companies’ view can be found as follows.
	Company
	Views and observations/proposals

	Ericsson [2]
	Observation 1: According to terminology defined in 38.101, “shall” indicates a mandatory requirement to do something.
Proposal 1: Reply LS to RAN4 and clarify that “CDM groups without data” are not used for data transmission for co-scheduled UEs.

	Vivo [3]
	It is clear from the spec that UE “shall assume” existence of potential co-scheduled downlink DM-RS and not used for data transmission. 
Conclusion: In our understanding, the text in spec is clear and the conclusion in RAN1#114b was to further align the common understanding and no RRC signalling is needed.

	OPPO [4]
	Proposal: Send a LS to RAN4 and RAN2 to clarify the following:
The conclusion on “CDM groups without data” at RAN1 implies that gNB is expected to ensure that“CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell.
RRC indication on ‘Whether the DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data, TS38.214 table 4.1-1) of all the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, is the same as the target UE.’ is not needed from RAN1 perspective. 

	Samsung [5]
	Given this situation during discussion, RAN1 confirms that RAN4’s view in the second paragraph in RAN4 answer is an aligned understanding with RAN1.
Actions：RAN1 respectfully request RAN4 to take the above answers into account while designing the network assistant signalling for advanced receivers for MU-MIMO.

	China Telecom [6]
	Since the wording in the conclusion is “may assume” instead of “should/shall assume”, it is also reasonable for UE to assume that non-aligned DMRS power boosting between co-scheduled UEs may happen since it is not prohibited for BS to perform such schedule.
Proposal 1: RAN1 should clarify whether “CDM groups without data” scheduled for data transmission for other co-scheduled UEs is prohibited or not.

	Nokia [7]
	If in some cases the assumption does not hold, then it is the network’s problem, while the UE implementation is still allowed to maintain the stated assumption.
In 3GPP terminology as extensively used by RAN1 specifications, the “UE may assume” does not imply that the UE can also “may not assume”, nor that 3GPP should specify for the cases when the assumption does not hold.
Action: RAN1 respectfully asks RAN2 and RAN4 to take the above clarification on the RAN1 usage of the phrase “the UE may assume” in consideration in their further work.

	Qualcomm [8]
	Proposal: Proposed response to RAN 4 (CC RAN2): RAN1’s understanding of the conclusion (regarding “CDM groups without data”) made in #114bis is the following. 
· A UE can aways legitimately make the assumption that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell. Base station should be aware of that assumption and avoid schedule co-scheduled user in the same serving cell transmit data on the “CDM groups without data”. If a base station ignores that conclusion in scheduling, it takes the consequences of performance degradation. From RAN1 perspective, there is no motivation to introduce RRC signaling of DMRS power boosting information of co-scheduled UEs for advanced receiver. 

	Media Tek [9]
	Conclusion: we suggest replying to RAN2 that RAN1 has not agreed to support the type of UE operation defined in the latter part of the RAN4 response and that, if RAN2 decides to specify the RRC configuration parameter in question, then RAN2 should also specify that the UE may ignore it as part of its configuration, and that there is no requirement for the UE to take it into account during MU-MIMO advanced receiver operation.

	Huawei [10]
	Observation 1: There is no definitive and explicit explanation in current RAN1 spec or the new conclusion with wording “UE may assume” that Number of DMRS CDM groups without data of co-scheduled UEs shall be equal. 
Observation 2: RRC signalling on DMRS power boosting can provide accurate information to avoid performance degradation of advanced receiver.
Proposal 1: RAN1 respond to RAN4 that it is not mandatory for BS to implement the scheduling that co-scheduled UEs have same number of DMRS CDM groups without data and there is no conflict with RRC signalling on DMRS power boosting.
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