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[bookmark: _Ref35586532]Introduction
In this paper, we discuss the 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.
Discussion
A new LS on MIMO advanced receivers [1] is received by RAN2 at this meeting as follows:
	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.


Regarding above LS, RAN4 agreed to introduce RRC based network assistance signaling to assist UEs supporting MU-MIMO advanced receiver(s). Generally, there are four indications that need to be introduced to indicate the specific information to help target UE work on MU-MIMO. 
Proposal 1: Introduce the following four indications for MU-MIMO advanced receiver(s):
· Introduce one indication to indicate 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, when the target and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.
· Introduce one indication to indicate 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.
· Introduce one indication to indicate 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.
· Introduce one indication to indicate which MSC table among below MSC table(s) is applied, this MCS table is 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.:
· 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)
Besides, regarding LS [1] and below LS [2], the presence of MU-MIMO DCI signaling needs to be configured by RRC signaling as well.  Correspondlingly one indication will be introduced to indicate whether the MU-MIMO DCI signaling is present in DCI format 1_1. 
	Within the Release 18 work item on NR demodulation performance evolution (NR_demod_enh3), RAN4 has studied the required signalling overhead for the advanced receiver to cancel inter-user interference for MU-MIMO. 2 candidate advanced receivers, E-MMSE-IRC and R-ML, are included in the study.
Based on RAN4’s evaluation, RAN4 observes that R-ML receiver can achieve better performance in most scenarios. To enable the implementation of R-ML receiver within feasible complexity, RAN4 has agreed that it is beneficial to have DCI based network assistant signalling to know the essential information related to the interfering layers associated with the co-scheduled UE(s).

	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	7
	Others



(1) The existence of MU-MIMO DCI signalling is configured by RRC signalling.
(2) The field is intended to be included in a DCI which can be based on the format 1_1.


Proposal 2: Introduce one indication to indicate the presence of MU-MIMO DCI signaling in DCI format 1_1.
[bookmark: _GoBack]Since all the indications in LS [1] are for downlink reception of PDSCH, all these assistant information could be added in IE PDSCH-Config. Considering the indication for MCS table in LS[1] is to indicate “The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s)”, and the DCI signaling in LS [2] intends to provide detailed modulation order related information,  it could be also added in IE PDSCH-Config. The companion CR is provided in R2-2313338.
Proposal 3: The indications above are added in IE PDSCH-Config, and the CR R2-2313338 is taken as baseline.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Introduce the following four indications for MU-MIMO advanced receiver(s):
· Introduce one indication to indicate 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, when the target and any co-scheduled UEs are in different CDM groups and with the same DMRS sequence.
· Introduce one indication to indicate 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.
· Introduce one indication to indicate 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.
· Introduce one indication to indicate which MSC table among below MSC table(s) is applied, this MCS table is 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.:
· 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)
Proposal 2: Introduce one indication to indicate the presence of MU-MIMO DCI signaling in DCI format 1_1.
Proposal 3: The indications above are added in IE PDSCH-Config, and the CR R2-2313338 is taken as baseline.
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