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Introduction
In RAN4#107 meeting, RAN4 sent the following LS to RAN1 on required DCI signalling for the advanced receiver on MU-MIMO scenario [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.


In RAN1#114 meeting, RAN1 sent the reply LS to RAN4 including the following agreement and questions of this new DCI signalling [2].
	Agreement
Implement the DCI signaling in R1-2306361 (R4-2309895) in RAN1 specifications with the following assumptions. 
· Scope of this DCI signaling at least applying to a PDSCH satisfying all the following conditions. 
· The PDSCH is scheduled by DCI format 1_1. 
· Support for this feature for other DCI format(s) can be later added depending on RAN4 input
· Single TRP based scheme is configured for the PDSCH transmission.
· Single codeword is configured for the PDSCH transmission.
· CBG based transmission is not configured for the PDSCH transmission.
· Rel-15/16/17 DMRS is configured for the PDSCH transmission.
· For “Bit field mapped to index” =0, the content “No co-scheduled UE(s) which has same DMRS sequence as target UE exists” is interpret as the following. 
· In all the PRBs allocated to the target UE, there is no co-scheduled UE or there is co-scheduled UE but with a different DMRS sequence. 
· The terminology “the same DMRS sequence” in the DCI signaling table is interpret as the same root DMRS sequence r(n) in TS38.211 Section 7.4.1.1.1. 
· “Bit field mapped to index” =7 in the DCI signaling table is interpret as including all the cases not covered by cases corresponding to “Bit field mapped to index” 0/1/2/3/4/5/6. 
 
In additional, RAN1 respectfully ask RAN4 to provide answers to the following questions. 
· Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
· Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
· Question 3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2? 
· Question 4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
· Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
· Question 6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
· Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.


In RAN4#108-bis meeting, RAN4 sent the reply LS to RAN1 with the following respond to the above seven questions of this new DCI signalling [3].
	Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
Answer: The understanding in RAN4 is that URLLC is not a common scenario for MU-MIMO, but if there are relevant use cases with MU-MIMO scheduling with DCI format 1_2, the signalling in DCI can be introduced in DCI format 1_2, otherwise not.
Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
Answer: The understanding in RAN4 is that there are limited scenarios for MU-MIMO with mTRP operation. RAN4 suggests that this new signalling in DCI is not supported for multi-TRP schemes.
Question3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2?
Answer:  This new DCI is supported if RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2 and target UE is only scheduled 1 codeword.
Question 4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
Answer: This new DCI signalling can be supported if there are relevant use cases with MU-MIMO scheduling when the RRC codeBlockGroupTransmission is configured, otherwise not.
Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
Answer: Yes. The new signaling can be supported for the UE with Rel-18 DMRS configured, and co-scheduled UE mentioned in DCI signaling includes both co-scheduled UEs on R15 DMRS ports and co-scheduled UEs on R18 DMRS ports 
Question 6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
Answer: RAN4 has agreed that the revision suggested by RAN1 is not needed.
Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
Answer: Yes, “For bit field mapped to index”=1/2/3/4/5”, empty PRB without co-scheduled UE is allowed in all the PRB” of the target UE


In this contribution, we provide our further views on the required DCI signalling for advanced receiver on MU-MIMO scenario according to the previous discussions in RAN1 and RAN4.
Discussion
Update of the DCI signalling
In RAN1#114 meeting, the prototype of the DCI signaling for advanced receiver on MU-MIMO scenario was provided in TS 38.212 [4]. Based on the discussions and outcomes from RAN4 and RAN1 so far, it is worth noting that the following updates need to be captured consequently, which including:
· For “Bit field mapped to index=1/2/3/4/5” in Table 7.3.1.1.2-12, adding the description confirmed by RAN4 that “empty PRB without co-scheduled UE is allowed in all the PRB of the target UE”
· RAN4’s assessment that “This new DCI is supported if RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2 and target UE is only scheduled 1 codeword” should be captured to specify the precondition of this DCI signalling. To our understanding, this is technically equal to that “if the indicated number of layers for PDSCH is not larger than 4” due to only 1-4 layers can be indicated in case of one CW based PDSCH.
· Given that MIMO features (i.e., MU-MIMO) of eMBB traffic can be broadly enabled to URLLC traffic, it is natural to introduce this field in DCI format 1_2 as well for R-ML receiver optimization on MU-MIMO scenario.
In light of the above, we propose to take the following to complete the introduction of the DCI signaling for advanced receiver on MU-MIMO scenario in TS 38.212.

Proposal 1: Adopt the following changes of the newly introduced DCI field “Co-scheduled UE information” in TS 38.212:
· For “Bit field mapped to index = 1/2/3/4/5” in Table 7.3.1.1.2-12, adding the description that “empty PRB without co-scheduled UE is allowed in all the PRB of the target UE”.
· Capture the precondition of this DCI signalling that “if the indicated number of layers for PDSCH is not larger than 4”.
· Introduce this field in DCI format 1_2.
	7.3.1.2	DCI formats for scheduling of PDSCH 
7.3.1.2.2	Format 1_1
DCI format 1_1 is used for the scheduling of one or multiple PDSCH in one cell. 
< Unchanged parts are omitted >
-	PUCCH Cell indicator – 0 or 1 bit.
-	1 bit if higher layer parameter pucch-sSCellDyn is configured.
-	0 bit otherwise.
If the UE is configured with a PUCCH-SCell, pucch-sSCellDyn is replaced by pucch-sSCellDynSecondaryPUCCHgroup for the secondary PUCCH group.
-	Co-scheduled UE information – 0 or 3 bits. 
-	3 bits as defined in Table 7.3.1.2.2-12 if higher layer parameter XYZ is configured and if the indicated number of layers for PDSCH is not larger than 4;
-	0 bit otherwise.
< Unchanged parts are omitted >

Table 7.3.1.2.2-12: Co-scheduled UE information 
	Bit field mapped to index
	Co-scheduled UE information

	0
	In all the PRBs allocated to the UE, there is no co-scheduled UE or there is co-scheduled UE but with a different root DMRS sequence 

	1
	In all the PRBs allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with modulation scheme QPSK, and where empty PRB without co-scheduled UE is allowed in all the PRB of the target UE

	2
	In all the PRBs allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with modulation scheme 16QAM, and where empty PRB without co-scheduled UE is allowed in all the PRB of the target UE

	3
	In all the PRBs allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with modulation scheme 64QAM, and where empty PRB without co-scheduled UE is allowed in all the PRB of the target UE

	4
	In all the PRBs allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with modulation scheme 256QAM, and where empty PRB without co-scheduled UE is allowed in all the PRB of the target UE

	5
	In all the PRBs allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with modulation scheme 1024QAM, and where empty PRB without co-scheduled UE is allowed in all the PRB of the target UE

	6
	In each individual PRB allocated to the UE, all the co-scheduled UE(s), which have the same root DMRS sequence as the UE, are scheduled with the same modulation scheme, except the cases corresponding to index 0~5

	7
	All cases not covered above 

	Note:	Root DMRS sequence is as defined in clause 7.4.1.1.1 of [4, TS 38.211]


< Unchanged parts are omitted >

7.3.1.2.3	Format 1_2
DCI format 1_2 is used for the scheduling of PDSCH in one cell. 
< Unchanged parts are omitted >
-	PUCCH Cell indicator – 0 or 1 bit.
-	1 bit if higher layer parameter pucch-sSCellDynDCI-1-2 is configured.
-	0 bit otherwise.
-	Co-scheduled UE information – 0 or 3 bits. 
-	3 bits as defined in Table 7.3.1.2.2-12 if higher layer parameter XYZ is configured and if the indicated number of layers for PDSCH is not larger than 4;
-	0 bit otherwise.
< Unchanged parts are omitted >



Further questions to be answered
Basically, R-ML receiver is to work MU-MIMO out through canceling the interference from co-scheduled UE(s) by jointly demodulating the signals from the UE and the co-scheduled UE(s). To mitigate the complexity of this advanced receiver (i.e., reducing search space of modulation order of co-scheduled UE(s)) and guarantee a considerable performance for MU-MIMO scenario, DCI based assist information was introduced consequently. In the meanwhile, it is worth noting that increased number of orthogonal DMRS ports (2-fold over the legacy) was introduced and also specified in Rel-18 for downlink and uplink MU-MIMO, which would be more and more beneficial and valuable of commercial market. However, some restrictions are required for Rel-15 DMRS and Rel-18 DMRS to be used, which are listed as follows [5][6]:
Restriction of Rel-15 DMRS in MU-MIMO
· TS 38.214-i00, Clause 5.1.6.2
	[bookmark: _Hlk500839563]5.1.6.2	DM-RS reception procedure
<Irrelevant parts are omitted>
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or 24} in Table 7.3.1.2.2-3A and {2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
<Irrelevant parts are omitted>



Restriction of Rel-18 DMRS in MU-MIMO
· CR38.214, Clause 5.1.6.2
	5.1.6.2	DM-RS reception procedure
<Irrelevant parts are omitted>
For DM-RS configuration enhanced type 1,
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of [{9, 10, 11 and 27 when applicable} in Table 7.3.1.2.27 and Table 7.3.1.2.2-7A] of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of [{9, 10, 11, 24, 25, 26, 27, 28, 29, 30 and 66 when applicable} in Table 7.3.1.2.2-8 and Table 7.3.1.2.2-8A] of Clause 7.3.1.2 of [5, TS 38.212], 
the UE may assume that all the remaining orthogonal antenna ports of the CDM groups, from which the antenna ports are indicated to the UE, are not associated with transmission of PDSCH to another UE, or
-	if a UE is scheduled with two codewords, the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration enhanced type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of [{9, 10, 20, 21, 22, 23 and 54 when applicable} in Table 7.3.1.2.2-9 and Table 7.3.1.2.2-9A] of Clause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of [{9, 10, 20, 21, 22, 23, 42, 43, 44, 45, 46, 47 and 136 when applicable} in Table 7.3.1.2.2-10 and in Table 7.3.1.2.2-10A] of Clause 7.3.1.2 of [5, TS 38.212], 
The UE may assume that all the remaining orthogonal antenna ports of CDM groups, from which the antenna ports are indicated to the UE, are not associated with transmission of PDSCH to another UE, or
-	if a UE is scheduled with two codewords, the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
<Irrelevant parts are omitted>


With R-ML receiver plus the indicated assist information of co-scheduled UE(s), the UE may be able to handle the interference when the above restrictions are lifted to reach out the better flexibility of scheduling for MU-MIMO scenario. Hence, we suggest to send the following questions to RAN4 to further assess the feasibility with full potential of R-ML receiver for MU-MIMO.
· Question 1: Whether the newly introduced DCI based assist information signalling is able to relax the current scheduling restriction of Rel-15 DMRS for MU-MIMO (cf. TS 38.214, clause 5.1.6.2)?
· Question 2: Whether the newly introduced DCI based assist information signalling is able to relax the endorsed scheduling restriction of Rel-18 DMRS for MU-MIMO (cf. draft TS 38.214, clause 5.1.6.2 in R1-2308717)?
In light of the above observation, we propose that:
Proposal 2: Send an LS to RAN4 to further ask the following questions to dig out the potential using value of R-ML receiver with the newly introduced DCI based assist information for MU-MIMO.
· Question 1: Whether the newly introduced DCI based assist information signalling is able to relax the current scheduling restriction of Rel-15 DMRS for MU-MIMO (cf. TS 38.214, clause 5.1.6.2)?
· Question 2: Whether the newly introduced DCI based assist information signalling is able to relax the endorsed scheduling restriction of Rel-18 DMRS for MU-MIMO (cf. draft TS 38.214, clause 5.1.6.2 in R1-2308717)?
Conclusion
In this contribution, we further discuss the required DCI signalling for advanced receiver on MU-MIMO scenario according to the previous discussions in RAN1 and RAN4. Upon that, we have the following proposals.
Proposal 1: Adopt the following changes of the newly introduced DCI field “Co-scheduled UE information” in TS 38.212:
· For “Bit field mapped to index = 1/2/3/4/5” in Table 7.3.1.1.2-12, adding the description that “empty PRB without co-scheduled UE is allowed in all the PRB of the target UE”.
· Capture the precondition of this DCI signalling that “if the indicated number of layers for PDSCH is not larger than 4”.
· Introduce this field in DCI format 1_2.
Proposal 2: Send an LS to RAN4 to further ask the following questions to dig out the potential using value of R-ML receiver with the newly introduced DCI based assist information for MU-MIMO.
· Question 1: Whether the newly introduced DCI based assist information signalling is able to relax the current scheduling restriction of Rel-15 DMRS for MU-MIMO (cf. TS 38.214, clause 5.1.6.2)?
· Question 2: Whether the newly introduced DCI based assist information signalling is able to relax the endorsed scheduling restriction of Rel-18 DMRS for MU-MIMO (cf. draft TS 38.214, clause 5.1.6.2 in R1-2308717)?
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