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Introduction 
RAN2 received the L1 parameters for advanced receivers and implemented IE AdvancedReceiver-MU-MIMO accordingly. Further, RAN2 sent to RAN4 an LS in R2-2313706 where the following questions were asked:
------------------------------------------------ R2-2313706 -------------------------------------------
1.	On granularity:
Since the advanced receiver is for the improvement of PDSCH performance, RAN2 assumes the granularity of these network RRC signallings is per BWP as current PDSCH configuration is provided for each BWP.
2.	On independency:
RAN2 assumes the RRC assistant signalling (for precoding and resource allocation, time domain resource assignment for PDSCH symbols, MCS table and DMRS power boosting configurations) is independent to the RRC signalling of informing the UE the existence of MU-MIMO DCI signalling, which means they can be configured separately. RAN2 also assumes all these RRC assistant signallings are for advanced receiver and assumes this DCI configuration is only applicable for the advanced receiver for now, so they can be grouped together within the same IE.
3.	On how to interpret “whether the target UE can assume the scheduling information of co-scheduled UEs is the same as the target UE”:
RAN2 assumes RAN4 intends for the network to explicitly signal to the UE both cases, i.e., "the UE can assume" and "the UE cannot assume", rather than that it’s only signalled by the network for the case when "the UE can assume".
Question 1: RAN2 would like to check with RAN4 whether the assumptions above (from 1 to 3) are feasible.
4.	On DMRS power boosting configurations:
The DMRS power boosting information is indicated to UE in agreed CR (i.e., following RAN4 LS R4-2316980), despite the following RAN1 agreement:
	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.





Question 2: But RAN2 would like to check with RAN4 whether the DMRS power boosting information for advanced receiver is still needed.
----------------------------------------------------------------------------------------------------------------------
In this contribution we will address the reply received by RAN4 and how to modify the RRC specification according to the answers stated in the RAN4 reply LS.
[bookmark: OLE_LINK5]Discussion
According to the reply LS received by RAN4 in R4-2403086, regarding the first question RAN4 basically confirms that the set of assumption from RAN2 are feasible:
· RAN4 answer: RAN4 confirms the feasibility of the 3 RAN2 assumptions listed in R2-2313706.

According to the current implementation of IE AdvancedReceiver-MU-MIMO in TS 38.331 we have the following:
---------------------------------------------------- TS 38.331 ----------------------------------------------------------
[bookmark: _Toc156130295]–	AdvancedReceiver-MU-MIMO
The IE AdvancedReceiver-MU-MIMO is used to provide a set of assistance information for R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions.
AdvancedReceiver-MU-MIMO information element
-- ASN1START
-- TAG-ADVANCEDRECEIVER-MU-MIMO-START

AdvancedReceiver-MU-MIMO-r18 ::=      SEQUENCE {
    precodingAndResourceAllocation-r18    BOOLEAN                                                OPTIONAL,    -- Need M
    dmrsPowerBoosting-r18                 BOOLEAN                                                OPTIONAL,    -- Need M
    pdsch-TimeDomainAllocation-r18        BOOLEAN                                                OPTIONAL,    -- Need M
    mcs-Table-r18                         ENUMERATED {qam1024, qam256, qam64}                    OPTIONAL,    -- Need R
    advReceiver-MU-MIMO-DCI-1-1-r18       ENUMERATED {enabled}                                   OPTIONAL     -- Need R
}

-- TAG-ADVANCEDRECEIVER-MU-MIMO-STOP
-- ASN1STOP

Editor's note: whether the IE type BOOLEAN within AdvancedReceiver-MU-MIMO-r18 needs to be changed to ENUMERATED {true} depends on further RAN4 clarification.
Editor's note: whether dmrsPowerBoosting-r18 needs to be removed depends on further RAN4 clarification.

	AdvancedReceiver-MU-MIMO field descriptions

	advReceiver-MU-MIMO-DCI-1-1
Configure the presence of the co-scheduled UE information filed in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2).

	dmrsPowerBoosting
If the field is set to true, the UE can assume the DMRS power boosting configurations (i.e., Number of DMRS CDM groups without data, see TS 38.214 [19], 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.
If the field is set to false, the UE can not assume the DMRS power boosting configurations (i.e., Number of DMRS CDM groups without data, see TS 38.214 [19], 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.

	mcs-Table
Indicates the MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DMRS sequence as the target UE.

	pdsch-TimeDomainAllocation
If the field is set to true, the UE can assume the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, is same as the target UE.
If the field is set to false, the UE can not assume the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, is same as the target UE.

	precodingAndResourceAllocation
If the field is set to true, the UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4, when the target UE and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.
If the field is set to false, the UE can not assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4, when the target UE and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.



NOTE: the same DMRS sequence represents the same root DMRS sequence r(n), see TS 38.211 [16], clause 7.4.1.1.1.
-------------------------------------------------------------------------------------------------------------------------------------------
Considering the first Editor’s note, it seems that the reply from RAN4 confirms the use of the boolean type for the ASN.1 fields since network need to signal separately what UE can and cannot assume. Since it is Boolean parameter, there is no third option of not configuring the parameter and therefore the optionality should be removed. If RAN2 were to keep the optionality-bit, it would need to be clarified what it means when the field is absent compared to when it is present and false, but in our understanding there is no difference and therefore, we propose:

[bookmark: _Toc166227155]Proposal 1	RAN2 to agree to to delete the optionality of the BOOLEAN value for the parameters in IE AdvancedReceiver-MU-MIMO .

About the second question asked by RAN2, RAN4 had a more articulate reply which is as follows:
	· RAN4 answer: 
During the RAN4 discussion, majority of the companies think that, based on the above RAN1 conclusion, the previous required 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.’ in R4-2316980, is no longer needed since RAN1 already agreed that UE may assume that “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”. Additionally, they think that if RAN2 introduces the signalling and UE implements solely based on RAN1 conclusion, misalignment between network and UE may occur.

· At the same time, some companies think that, the scheduling of co-scheduled UEs with non-aligned DMRS power boosting between co-scheduled UEs is not prohibited based on the above RAN1 conclusion, because RAN1 only concluded that UE “may assume” rather than “shall/should assume” such scheduling, so they think that it is optional for BS to perform such scheduling, and UE can also “may not assume” this scheduling, then they think that it is still necessary to introduce the RAN2 RRC signalling, otherwise there could be interoperability issue between BS and UE, causing UE performance degradation.




Considering the second Editor’s note, our understanding follows the majority view that following the spec, the network will not schedule any data transmission on 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] (these CDM groups contain potential co-scheduled downlink DM-RS). This means that network will not schedule data for co-scheduled UEs on these CDM groups. Further RAN2 received an LS from RAN1 in R1-2403750 stating:

[bookmark: _Hlk164414593]RAN1 thanks RAN4 for their LS (R1-2401954/R4-2403086) on RRC network assistant signalling for advanced receiver on MU-MIMO scenario. 
RAN1 has discussed the conclusion asked to be clarified in the LS and would like to reply and provide the clarification as below.  
	· 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. 
· There is no consensus to introduce RRC signalling indicating the “DMRS power boosting information of co-scheduled UEs” from RAN1’s perspective.





Hence, we propose to remove the corresponding parameter from ASN1 because introducing at this stage the signaling may cause unexpected UE behaviour.

[bookmark: _Toc149739320][bookmark: _Toc166227156]Proposal 2	RAN2 to agree to remove the parameter dmrsPowerBoosting-r18 within the IE AdvancedReceiver-MU-MIMO (resolution for the second Editor’s note).
Further as only DCI format 1-1 can be used to indicate the MU-MIMO scheduling information the parameter “advReceiver-MU-MIMO-DCI-1-1-r18” is both redundant and leads to an error case. This is because the presence of the field advancedReceiver-MU-MIMO in IE PDSCH-Config configures at the UE “the presence of the co-scheduled UE information filed in DCI format 1_1”. The error case happens if UE is configured with advancedReceiver-MU-MIMO in IE PDSCH-Config and the parameter advReceiver-MU-MIMO-DCI-1-1 in IE AdvancedReceiver-MU-MIMO is absent as this becomes a contradictive configuration. Hence, we propose to remove parameter advReceiver-MU-MIMO-DCI-1-1 in IE AdvancedReceiver-MU-MIMO and add in the corresponding field description in IE PDSCH-Config that:
	PDSCH-Config field descriptions

	advancedReceiver-MU-MIMO
[bookmark: _Hlk162344519]A set of assistance information for R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions. Configure the presence of the co-scheduled UE information field in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2).



[bookmark: _Toc166227157]Proposal 3	RAN2 to remove the parameters advReceiver-MU-MIMO-DCI-1-1 within the IE AdvancedReceiver-MU-MIMO and add in the corresponding field description in IE PDSCH-Config: “Configure the presence of the co-scheduled UE information filed in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2).”.
[bookmark: _Toc166227158]Proposal 4	RAN2 to agree to the corresponding TPs in Appendix.

Conclusion
[bookmark: _In-sequence_SDU_delivery]Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree to to delete the optionality of the BOOLEAN value for the parameters in IE AdvancedReceiver-MU-MIMO .
Proposal 2	RAN2 to agree to remove the parameter dmrsPowerBoosting-r18 within the IE AdvancedReceiver-MU-MIMO (resolution for the second Editor’s note).
Proposal 3	RAN2 to remove the parameters advReceiver-MU-MIMO-DCI-1-1 within the IE AdvancedReceiver-MU-MIMO and add in the corresponding field description in IE PDSCH-Config: “Configure the presence of the co-scheduled UE information filed in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2).”.
Proposal 4	RAN2 to agree to the corresponding TPs in Appendix.
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Appendix

************************************************* Start of TP for TS 38.331 **************************************************
–	AdvancedReceiver-MU-MIMO
The IE AdvancedReceiver-MU-MIMO is used to provide a set of assistance information for R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions.
AdvancedReceiver-MU-MIMO information element
-- ASN1START
-- TAG-ADVANCEDRECEIVER-MU-MIMO-START

AdvancedReceiver-MU-MIMO-r18 ::=      SEQUENCE {
    precodingAndResourceAllocation-r18    BOOLEAN,                                                OPTIONAL,    -- Need M
    dmrsPowerBoosting-r18                 BOOLEAN                                                OPTIONAL,    -- Need M
    pdsch-TimeDomainAllocation-r18        BOOLEAN,                                                OPTIONAL,    -- Need M
    mcs-Table-r18                         ENUMERATED {qam1024, qam256, qam64}                    OPTIONAL,    -- Need R
    advReceiver-MU-MIMO-DCI-1-1-r18       ENUMERATED {enabled}                                   OPTIONAL     -- Need R
}

-- TAG-ADVANCEDRECEIVER-MU-MIMO-STOP
-- ASN1STOP

Editor's note: whether the IE type BOOLEAN within AdvancedReceiver-MU-MIMO-r18 needs to be changed to ENUMERATED {true} depends on further RAN4 clarification.
Editor's note: whether dmrsPowerBoosting-r18 needs to be removed depends on further RAN4 clarification.

	AdvancedReceiver-MU-MIMO field descriptions

	advReceiver-MU-MIMO-DCI-1-1
Configure the presence of the co-scheduled UE information filed in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2).

	dmrsPowerBoosting
If the field is set to true, the UE can assume the DMRS power boosting configurations (i.e., Number of DMRS CDM groups without data, see TS 38.214 [19], 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.
If the field is set to false, the UE can not assume the DMRS power boosting configurations (i.e., Number of DMRS CDM groups without data, see TS 38.214 [19], 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.

	mcs-Table
Indicates the MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DMRS sequence as the target UE.

	pdsch-TimeDomainAllocation
If the field is set to true, the UE can assume the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, is same as the target UE.
If the field is set to false, the UE can not assume the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, is same as the target UE.

	precodingAndResourceAllocation
If the field is set to true, the UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4, when the target UE and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.
If the field is set to false, the UE can not assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4, when the target UE and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.



NOTE: the same DMRS sequence represents the same root DMRS sequence r(n), see TS 38.211 [16], clause 7.4.1.1.1.
************************************************* End of TP for TS 38.331 **************************************************

************************************************* Start of TP for TS 38.331 **************************************************

	PDSCH-Config field descriptions

	advancedReceiver-MU-MIMO
A set of assistance information for R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions. Configure the presence of the co-scheduled UE information filed in DCI format 1_1 (see TS 38.212 [17], clause 7.3.1.2.2). 



************************************************* End of TP for TS 38.331 **************************************************

