3GPP TSG-RAN WG2 Meeting #124	R2-2313204
Chicago, USA, 13 – 17 November 2023	


Agenda item:	7.25.1.7
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on signalling to support MU-MIMO advanced receivers
WID/SID:	NR_demod_enh3-Core - Release 18
Document for:	Discussion and Decision
1	Introduction
RAN4 has requested RAN2 to specify network signalling to assist a UE supporting Rel-18 MU-MIMO advanced receiver(s) in the LS R4-2316980. In this paper, we discuss the content of the LS and propose the general signalling structure to be adopted.
2	Discussion
2.1	Content of LS R4-2316980
The contents of the LS are copied below:
1. Overall Description:
Within the Release 18 work item on further enhancement on NR demodulation performance evolution (NR_Demod_enh3), RAN4 has discussed the need for UE network assistance signalling for MU-MIMO advanced receiver(s) for the UEs capable of utilizing advanced receiver supporting cancellation of 1 or more co-scheduled UEs.
As an outcome, RAN4 has agreed it is beneficial to introduce new Rel-18 RRC based network assistance signalling to assist UEs supporting MU-MIMO advanced receiver(s) by providing additional information related to co-scheduled UE(s).
Regarding the content of the Rel-18 new RRC network assistance signalling, RAN4 has agreed the need for the following:
[bookmark: _Hlk148002354]Dedicated RRC signalling is provided to the UE (target UE) to indicate the information in each of the following bullets separately, when the information is available:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether the target 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.
· 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.
· Whether the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, is same as the target UE.
· The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE. The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)

Note: The terminology “the same DMRS sequence” in the above represents the same root DMRS sequence r(n) in TS38.211 Section 7.4.1.1.1.

In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895, is configured by RRC signalling.
2. Actions:
To RAN WG2 
ACTION: 	RAN4 respectfully request RAN2 to take the above information into account and design the corresponding network assistance signalling for advanced receivers.
2.2	Discussion of LS
There are two signalling-related aspects requested in this LS. First is the (dedicated) network assistant signalling that is needed to inform the target UE about different assumptions it can make regarding the co-scheduled MU-MIMO UE(s) in order to perform inter-user cancellation at the advanced receiver(s). Second is the signalling needed to inform the UE about the existence of the MU-MIMO DCI (which is currently under discussion in RAN1). In both cases RAN4 suggests that this signalling is handled by RRC.
Network assistant signalling for advanced receiver(s):
The phrasing to signal the information noted in the bullets of the LS to the target UE “separately, when the information is available” implies that each of the indications for those assumptions can be treated as optional indications.
Proposal 1: Each of the network-signalled indications for advanced receiver mentioned in the RAN4 LS are optional.
Now, looking at the specific indications in more detail, the first three indications relate to whether the target UE can assume the following:
1. The precoding and resource allocation of the co-scheduled UE(s) are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
2. [bookmark: _Hlk149648279]The DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data) of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
3. The time domain resource assignment for PDSCH symbols of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
The above assumptions are Boolean in nature. One way to signal this information is with an explicit {true,false} indication. However, considering that each of these indications is optional, it’s not clear how the UE would interpret the “not indicated” case. “Not indicated” could potentially mean “no change from the previous state”, but this would mean that the target UE must always be provided with an initial, explicit {true,false} indication for each of these assumptions before it can make use of the advanced receiver functionality.
On the other hand, if the UE is allowed to make some default assumptions about the validity of each of the above statements, then the network only needs to send assistant signalling to inform the UE that the non-default assumption should be made. Therefore, no signalling is necessary when the default advanced receiver settings apply.
A similar concept was applied for the Rel-17 network assistant signalling for CRS interference mitigation between overlapping LTE-NR spectrum. For that feature, a UE assumes a set of default assumptions are valid for the purpose of CRS-IM unless the network explicitly indicates those assumptions are false (using the optionally signalled field lte-NeighCellsCRS-Assumptions ENUMERATED {false}) and indicates at the same time a list of (non-default) assumptions about the configuration of the LTE neighbour cells under the LTE-NeighCellsCRS-AssistInfoList IE.
Observation 1: It is not necessary to explicitly indicate whether each of the advanced receiver assumptions are true or false. If default validities are specified for each assumption, the network only needs to send assistant signalling to the UE when the non-default assumptions should be made.
Proposal 2: Default assumptions are specified for the UE advanced MU-MIMO receiver configuration. Network assistant signalling is used to inform the UE to apply non-default assumptions.
For the specific assumptions in 1, 2, 3, our view is that, by default, these assumptions should be considered as valid/true. Thus, the network would send an indication when an assumption is not valid/false.
However, regarding assumption 2, our understanding now is that the requirement to signal this may have been made obsolete based on an agreement made by RAN1 last meeting that a “UE may assume that CDM groups without data are not used for data transmission for any co-scheduled user in the same serving cell”. From the draft report of RAN1#114bis: 

Observation 2: RAN1 agreed that CDM groups without data are not used for data transmission for co-scheduled users in the same serving cell, which seems to nullify the need to indicate whether the DM-RS power boosting configurations (number of DM-RS CDM groups without data) of co-scheduled UE(s) with the same DM-RS sequence of the target UE are the same as the target UE.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 interpret 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.


Proposal 3: RAN2 should confirm with RAN4 that the following assumption no longer needs to be signalled to the UE:
· The DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data) of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
Proposal 4: By default, the UE treats the following assumptions as valid/true. Network assistant signalling is used to indicate if these assumptions are not valid/false.
· The precoding and resource allocation of the co-scheduled UE(s) are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· The time domain resource assignment for PDSCH symbols of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
For the last indication, i.e. the MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, we think, by default, the UE could assume any one of the tables {qam64, qam256, qam1024} has highest modulation order among the MCS tables configured for the co-scheduled UEs; whereas the network signalling is used to explicitly indicate to the target UE which MCS table has highest modulation order. 
Proposal 5: By default, the UE considers that any one of the MCS tables {qam64, qam256, qam1024} could have highest modulation order among the MCS tables configured for the co-scheduled UE(s) with same DM-RS sequence as the target UE. Network assistant signalling is used to indicate explicitly to the UE which MCS table has highest modulation order.
MU-MIMO DCI configuration:
Regarding the need to inform the UE of the existence of the MU-MIMO DCI, this can be handled the same way as other DCIs, i.e. by informing the UE of the DCI under the SearchSpace configuration. Since the content/design of the MU-MIMO DCI is still under discussion by RAN1, it remains to be seen whether any further aspects related to the DCI configuration will be need to signalled by RRC.
Proposal 6: UE supporting advanced receiver is informed of the existence of MU-MIMO DCI via SearchSpace configuration. FFS whether any additional details of the MU-MIMO DCI configuration need to be indicated to the UE based on RAN1’s agreements.
2.3	Response to RAN4
Considering the question about whether assumption 2 is still applicable for the advanced receiver signalling, RAN2 should send a reply LS to RAN4 (with RAN1 copied) to check this. In the same LS RAN4 can confirm that the signalling can be supported by RRC based on the above proposals. We have drafted a reply LS in R2-2313205.
Proposal 7: Send reply LS R2-2313205 to RAN4 (with RAN1 copied) to confirm the requested signalling can be supported by RRC as proposed in P1 and P4-P6, and to ask about P3.
3	Conclusion
This document has made the following observations:
Observation 1: It is not necessary to explicitly indicate whether each of the advanced receiver assumptions are true or false. If default validities are specified for each assumption, the network only needs to send assistant signalling to the UE when the non-default assumptions should be made.
Observation 2: RAN1 agreed that CDM groups without data are not used for data transmission for co-scheduled users in the same serving cell, which seems to nullify the need to indicate whether the DM-RS power boosting configurations (number of DM-RS CDM groups without data) of co-scheduled UE(s) with the same DM-RS sequence of the target UE are the same as the target UE.
And proposed the following:
Proposal 1: Each of the network-signalled indications for advanced receiver mentioned in the RAN4 LS are optional.
Proposal 2: Default assumptions are specified for the UE advanced MU-MIMO receiver configuration. Network assistant signalling is used to inform the UE to apply non-default assumptions.
Proposal 3: RAN2 should confirm with RAN4 that the following assumption no longer needs to be signalled to the UE:
· The DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data) of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
Proposal 4: By default, the UE treats the following assumptions as valid/true. Network assistant signalling is used to indicate if these assumptions are not valid/false.
· The precoding and resource allocation of the co-scheduled UE(s) are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· The time domain resource assignment for PDSCH symbols of all co-scheduled UE(s), which have the same DM-RS sequence of the target UE, are the same as the target UE.
Proposal 5: By default, the UE considers that any one of the MCS tables {qam64, qam256, qam1024} could have highest modulation order among the MCS tables configured for the co-scheduled UE(s) with same DM-RS sequence as the target UE. Network assistant signalling is used to indicate explicitly to the UE which MCS table has highest modulation order.
Proposal 6: UE supporting advanced receiver is informed of the existence of MU-MIMO DCI via SearchSpace configuration. FFS whether any additional details of the MU-MIMO DCI configuration need to be indicated to the UE based on RAN1’s agreements.
Proposal 7: Send reply LS R2-2313205 to RAN4 (with RAN1 copied) to confirm the requested signalling can be supported by RRC as proposed in P1 and P4-P6, and to ask about P3.





