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Introduction
This contribution provides Samsung’s view regarding issues on required DCI signaling for advanced receiver on MU-MIMO scenario.
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 (Enhanced Minimum Mean Square Error – Interference Rejection Combining) and R-ML (Reduced Maximum Likelihood), 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), which is described as in the following table [1]. 

[Table 1] Field description on MU-MIMO assist signaling in DCI

	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



Furthermore, two descriptions with a related RRC signaling and an intended DCI format, i.e., DCI format 1_1, which can include the field are additionally included.
(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.

In RAN#100, it has been finally agreed to reflect the above DCI signalling in RAN1 specification as concluded in the revised WID [2].
	· [bookmark: _Hlk136423696]Introduce network assistant signaling to support advanced receiver to cancel inter-user interference for MU-MIMO according to R4-2309895 [RAN4, RAN1, RAN2]:
· Identify the required signalling for supporting advanced receiver to cancel inter-user interference for MU-MIMO [RAN4]
· Introduce DCI based assistant signalling [RAN1]
· Introduce RRC based assistant signalling and UE capability [RAN2]



Discussion
Based on RAN decision and RAN4’s elaboration on MU-MIMO assist signaling field in DCI, the remaining normative work from RAN1 is to implement the DCI field in the current specification considering additional specification impacts when the DCI field is introduced in RAN1 specification. From this point of view, there are some remaining issues as follows.

Field description
Based on RAN4 discussion, the field description for each index in Table 1 is intended as follows.
· Index 0: This index means that R-ML receiver is not used (i.e., using MMSE-IRC instead), which includes the case of single user (SU) scheduling (i.e., no co-scheduled UE(s)).
· Index 1 ~ 5: These indexes require a low level complexity with R-ML receiver considering a scheduling restriction on all PRBs with a single modulation order for co-scheduled UE(s) which have same DMRS sequence. Hence, these indexes don’t require modulation order detection.
· Index 6: This index requires a middle level complexity with R-ML receiver considering a scheduling restriction on each PRB with a same modulation order for co-scheduled UE(s) which have same DMRS sequence, but no information on the exact modulation order. It is obvious that computational complexity using R-ML for this index is much higher than one of indexes 1 ~ 5 due to modulation order detection for each individual PRB allocated to the target UE.
· Index 7: This index requires a high level complexity with R-ML receiver considering other cases than index 0~6, and the UE can use R-ML receiver with blind detection (because of no information for modulation order on co-scheduled UE(s)) or even fallback to MMSE-IRC, depending on UE implementation.

Considering the intention of each index as above, our view is that at least the field description on the index 0 and 7 shall be clarified a bit, since it is not clear which index indicates SU scheduling, and what “Others” in the index 7 exactly means. Hence, we think that index 0 shall include the case of SU scheduling, and “Others” in the index 7 can be replaced by “Not covered by cases corresponding to index 0~6” which is similar wording as in index 6. Having said that, we would like to propose the following [Table 2].

Proposal 1: Support the following modified field description in [Table 2], on top of [Table 1].
[Table 2]
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists 
There is no co-scheduled UE(s), or there is co-scheduled UE(s) but none of co-scheduled UE(s) has same DMRS sequence as target UE

	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
	OthersNot covered by cases corresponding to index 0~6.



DCI format
Based on RAN4 LS, MU-MIMO assist signalling field is intended to be included in a DCI which can be based on the DCI format 1_1. Instead of DCI format 1_1, there are some more DL scheduling DCIs, and we would like to provide our view on whether to support the field in the other DL DCI formats.
· DCI format 1_0: Based on the current specification, MU-MIMO scheduling by DCI format 1_0 is already precluded, i.e., always single-user scheduling. When a UE receives PDSCH scheduled by DCI format 1_0, the UE shall assume that a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
· DCI format 1_2: This DCI format is defined for the purpose of URLLC use case for both PDCCH and PDSCH, hence it is not appropriate for using MU-MIMO scheduling considering a reliability of PDSCH reception. Also, all DCI fields in DCI format 1_2 have configurable field size, but the MU-MIMO assist signalling field delivered from RAN4 is fixed size as 3 bits, the discussion on the reduced number of codepoints is additionally needed from RAN4 side which is redundant considering the use case of this DCI format.
· DCI format 1_3: This DCI format is defined for the purpose of multi-carrier scheduling, considering use case and scheduling complexity on gNB side of multi-cell MU-MIMO scheduling, it is not appropriate for using MU-MIMO scheduling and not needed to introduce MU-MIMO assist signalling field.
· DCI format 4_0, 4_1, 4_2: Since these DCI formats are defined for the purpose of multicast and broadcast, considering use case, it is not appropriate for using MU-MIMO scheduling and not needed to introduce MU-MIMO assist signalling field.
Given the above analysis, we prefer to prioritize including the MU-MIMO assist signaling field in DCI format 1_1.

Proposal 2: Prioritize including the MU-MIMO assist signaling field in DCI format 1_1 only.

Applicable type of PDSCH
If a MU-MIMO assist signaling field is adopted in DCI, then one of the follow-up issues is which types of PDSCH is applicable for MU-MIMO assist signaling field. There are some types of PDSCH, and we would like to provide our view on whether to apply the field for each type of PDSCH.
· Dynamic grant based single-TRP PDSCH: This type of PDSCH is a main applicable PDSCH which can be scheduled as SU or MU-MIMO.
· SPS PDSCH: This type of PDSCH is to support semi-persistent downlink traffic, hence MU-MIMO scheduling is not appropriate to be scheduled as semi-persistently.
· Multi-PDSCH: This type of PDSCH is to support multiple independent PDSCHs by using a single DCI in order to reduce an overhead of downlink control information. However, if MU-MIMO assist signaling field is applied for multi-PDSCH scheduling, it is not clear whether MU-MIMO assist signaling field is applied for some or all scheduled PDSCHs. Our view is that it is not appropriate to apply all scheduled PDSCHs, hence this type of PDSCH can be deprioritized for applying MU-MIMO assist signaling field.
· Multi-TRP PDSCH: This type of PDSCH is to support PDSCH reception from multiple TRPs by non-coherent joint transmission (NCJT) or coherent joint transmission (CJT) manner. Due to UE receiver complexity, it is precluded that a UE is scheduled with NCJT and MU-MIMO simultaneously. However, for PDSCH-CJT discussed in Rel-18 MIMO, one or two TCI states applied to PDSCH DMRS is indicated for PDSCH-CJT reception. At least for the case of a single TCI state indication for PDSCH-CJT, it is same as single-TRP operation from UE side. Hence, 
Given the above analysis, we support to apply MU-MIMO assist signaling field for dynamic grant based single-TRP PDSCH, and PDSCH-CJT with a single TCI state indication.

Proposal 3: Support to apply MU-MIMO assist signaling field for dynamic grant based single-TRP PDSCH and PDSCH-CJT at least with a single TCI state indication.

Possibly indicated modulation order
In Table 1 above, it is noted that index 1 ~ 5 can indicate a certain same modulation order is used all co-scheduled UE(s) including QPSK, 16QAM, 64QAM, 256QAM, and 1024QAM. Regarding modulation order, it is related to UE capability as follows:
· For QPSK, 16QAM, and 64QAM, it is mandatory without capability signaling of UE for DL modulation schemes. Hence, without any UE capability signaling, all UEs shall support those three modulation schemes.
· For 256QAM, a corresponding UE feature for FR1 is mandatory with capability signaling and optional for FR2.
· For 1024QAM, it has been adopted in Rel-17 with optional UE feature.
Then, if a UE does not report corresponding UE capabilities for supporting 256QAM or 1024QAM, our view is that gNB shall not indicate to the target UE with index 4 or 5 meaning that all co-scheduled UE(s) are scheduled with 256QAM or 1024QAM, respectively, because the UE cannot support 256QAM and 1024QAM. Also, if the UE is indicated with index 6 or 7, the UE shall perform blind modulation scheme detection among modulation schemes that the UE can support.

Proposal 4: If a UE does not report corresponding UE capabilities supporting 256QAM or 1024QAM, the UE does not expect to be indicated with corresponding index 4 or 5, and if a UE is indicated with index 6 or 7, the UE shall perform blind modulation scheme detection among modulation schemes that the UE can support.

RRC parameter granularity
Based on RAN4 LS, the MU-MIMO assist signaling field is enabled by RRC parameter, i.e., the existence of the field is configured by RRC parameter. To determine the granularity of RRC parameter, our view is that at least same or higher level than the granularity of DMRS sequence initialization parameter and/or MCS table related RRC parameters which both are configured with per-BWP granularity. Also, RRC parameters related to PDSCH transmission scheme are configured with per-BWP granularity. Considering both aspects, we think that an appropriate granularity of RRC parameter enabling MU-MIMO assist signaling field is per-BWP.

Proposal 5: Support RRC parameter enabling MU-MIMO assist signaling field with the granularity of per BWP.

UE capability
Based on our analysis about the intention of field description for each index in Table 1, it is appropriate to define at least three different levels of UE capabilities. However, it seems that the discussion on UE capability is up to RAN4 since RAN4 has brought the issue and discussed on this feature. Hence, we prefer to discuss on UE capability issues in RAN4. After determining fundamental UE capabilities from RAN4 on this feature (i.e., R-ML receiver), RAN1 can consider whether additional UE capability is needed or not by considering current RAN1 features and R-ML receiver together. For example, considering Rel-18 enhanced DMRS types introduced in Rel-18 MIMO, since the number of orthogonal DMRS ports are doubled rather than Rel-15 DMRS types, the number of co-scheduled UEs can be increased potentially, which requires more computational complexity on UE side for utilizing R-ML receiver.

Proposal 6: Fundamental UE capability related discussion is up to RAN4 to support R-ML receiver and to interpret a corresponding DCI field. After that, if needed, RAN1 can consider whether additional UE capability is needed or not by considering current RAN1 features and R-ML receiver together.

Conclusion
In this contribution, the following proposals are given: 
Proposal 1: Support the following modified field description in [Table 2], on top of [Table 1].
[Table 2]
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists 
[bookmark: _GoBack]There is no co-scheduled UE(s), or there is co-scheduled UE(s) but none of co-scheduled UE(s) has same DMRS sequence as target UE

	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
	OthersNot covered by cases corresponding to index 0~6.



Proposal 2: Prioritize including the MU-MIMO assist signaling field in DCI format 1_1 only.
Proposal 3: Support to apply MU-MIMO assist signaling field for dynamic grant based single-TRP PDSCH and PDSCH-CJT at least with a single TCI state indication.
Proposal 4: If a UE does not report corresponding UE capabilities supporting 256QAM or 1024QAM, the UE does not expect to be indicated with corresponding index 4 or 5, and if a UE is indicated with index 6 or 7, the UE shall perform blind modulation scheme detection among modulation schemes that the UE can support.
Proposal 5: Support RRC parameter enabling MU-MIMO assist signaling field with the granularity of per BWP.
Proposal 6: Fundamental UE capability related discussion is up to RAN4 to support R-ML receiver and to interpret a corresponding DCI field. After that, if needed, RAN1 can consider whether additional UE capability is needed or not by considering current RAN1 features and R-ML receiver together.
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