Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1#115			R1-2311803
Chicago, USA, November 13th – 17th, 2023

[bookmark: Source]Agenda item:	5
Source: 	Samsung
Title: 	Discussion on RAN4 LS on required DCI signalling for advanced receiver on MU-MIMO scenario
[bookmark: DocumentFor]Document for:	Discussion and Decision
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]



In RAN1#114, the following agreement has been made [3] and implemented in reply LS to RAN4 [4].
	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. 

Agreement
Send a response LS to RAN4 including the following questions to further clarify this new DCI signaling. 
· 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.




Discussion
In RAN4#104bis, RAN4 sent a reply LS [5] with corresponding answers on RAN1’s questions. Based on RAN4’s latest reply LS on MU-MIMO assist signaling, there are several corresponding RAN1 issues which can be dealt with. Our views on the remaining issues are provided as follows.

DCI format
Based on the first RAN4 LS [1], 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, RAN1 asked whether DCI format 1_2 can be additionally considered, and corresponding answer from RAN4 is provided as follows:
	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.



As we provided a view on DCI format 1_2, this DCI format is defined for the purpose of URLLC use case, as RAN4 mentioned, 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 and time consuming, considering the use case of this DCI format. Given the above analysis, we prefer to include the MU-MIMO assist signaling field only in DCI format 1_1.

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

Applicability on DL multi-TRP schemes
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. For this issue, RAN1 asked whether DL multi-TRP schemes are applicable or not, and corresponding answer from RAN4 is provided as follows:
	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.


Based on RAN4’s answer, the MU-MIMO assist signaling is not supported with DL multi-TRP schemes. However, since a dynamic switching between DL single-TRP and multi-TRP transmission scheme is possible in some cases, we think that the meaning of “not supporting multi-TRP schemes with MU-MIMO assist signaling” from RAN4’s answer is not based on the condition via semi-static signaling level, but based on dynamic scheduling. For example, if a UE is configured with multi-TRP scheme but is scheduled with single-TRP based PDSCH, then MU-MIMO assist signaling can be supported. 
Therefore, our view is that simultaneous configuration on MU-MIMO assist signaling field and multi-TRP scheme is possible, and depending on scheduling, the indicated value of MU-MIMO assist signaling field can be determined as follows:
· If single-TRP based PDSCH is scheduled, then there is no restriction on the indicated value of MU-MIMO assist signaling field.
· If multi-TRP based PDSCH is scheduled, then the UE can ignore the indicated value of MU-MIMO assist signaling field, or gNB can only indicate the value of MU-MIMO assist signaling field as Index 0.

Proposal 2: Support simultaneous configuration on MU-MIMO assist signaling field and multi-TRP scheme, and the indicated value of MU-MIMO assist signaling field can be restricted depending on scheduling either single-TRP or multi-TRP scheme.
· If single-TRP based PDSCH is scheduled, then there is no restriction on the indicated value of MU-MIMO assist signaling field.
· If multi-TRP based PDSCH is scheduled, then the UE can ignore the indicated value of MU-MIMO assist signaling field, or gNB can only indicate the value of MU-MIMO assist signaling field as Index 0.

Simultaneous configuration with some RRC parameters
RAN1 asked whether MU-MIMO assist signaling field in DCI is supported when some RRC parameters (e.g., maxNrofCodeWordsScheduledByDCI or codeBlockGroupTransmission) are configured, and the corresponding answer from RAN4 is provided as follows.
	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.


Regarding RRC parameter maxNrofCodeWordsScheduledByDCI, RAN1 specification defines that MU-MIMO scheduling is prohibited when a UE is scheduled with 2 codewords. Also, as RAN4 mentioned, since codeword enabling/disabling mechanism is already defined, although the RRC parameter is configured as 2, depending on scheduling, the indicated value of MU-MIMO assist signaling field can be restricted which is similar with the multi-TRP case as above (e.g., if 1 codeword is scheduled, then no restriction on the indicated value, else if 2 codewords are scheduled, then the UE can ignore the indicated value, or the indicated value can be only Index 0).
[bookmark: _GoBack]Regarding RRC parameter codeBlockGroupTransmission, we do not have a strong view, but since there is no limitation in RAN1 specification prohibiting simultaneous scheduling between MU-MIMO and code block group transmission, our view is that there is no need to limit the simultaneous scheduling case.

Proposal 3: For maxNrofCodeWordsScheduledByDCI, the indicated value of MU-MIMO assist signaling field can be restricted depending on scheduling either 1 or 2 codewords (e.g., if 1 codeword is scheduled, then no restriction on the indicated value, or if 2 codewords are scheduled, then the UE can ignore the indicated value, or the indicated value can be only Index 0).
Proposal 4: For codeBlockGroupTransmission, there is no need to limit the simultaneous scheduling between MU-MIMO and code block group transmission.


Conclusion
In this contribution, the following proposals are given: 

Proposal 1: Support the MU-MIMO assist signaling field in DCI format 1_1 only.
Proposal 2: Support simultaneous configuration on MU-MIMO assist signaling field and multi-TRP scheme, and the indicated value of MU-MIMO assist signaling field can be restricted depending on scheduling either single-TRP or multi-TRP scheme.
· If single-TRP based PDSCH is scheduled, then there is no restriction on the indicated value of MU-MIMO assist signaling field.
· If multi-TRP based PDSCH is scheduled, then the UE can ignore the indicated value of MU-MIMO assist signaling field, or gNB can only indicate the value of MU-MIMO assist signaling field as Index 0.
Proposal 3: For maxNrofCodeWordsScheduledByDCI, the indicated value of MU-MIMO assist signaling field can be restricted depending on scheduling either 1 or 2 codewords (e.g., if 1 codeword is scheduled, then no restriction on the indicated value, else if 2 codewords are scheduled, then the UE can ignore the indicated value, or the indicated value can be only Index 0).
Proposal 4: For codeBlockGroupTransmission, there is no need to limit the simultaneous scheduling between MU-MIMO and code block group transmission.
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