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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Revised WID on NR demodulation performance evaluation [1] was approved at RAN meeting #100, and one RAN1 related objective is to consider how to introduce the DCI based assistant signalling to support advanced receiver to cancel inter-user interference in MU-MIMO scenario:
	· [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]



RAN4 has concluded that R-ML receiver has been considered as first priority to define the performance requirements. Meanwhile, RAN4 has concluded the required signalling study and a LS[2] capturing the proposed signalling design from RAN4 side was sent to RAN1. The agreed signalling in LS is captured as below: 
	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



This contribution provides our views on the RAN1 related aspects. 
Discussion 
1.1 Receiver assumption 
To facilitate the understanding of proposed signalling, we would like to briefly summarize the RAN4’s consensus on receiver assumption: R-ML receiver with joint detection is considered as baseline, which means target UE applies interference detection, channel estimation, potential modulation order detection (depends on signalling content) and R-ML algorithm for all co-scheduled UE(s) allocated in orthogonal antenna ports. The signals of co-scheduled UEs in non-orthogonal antenna ports is treated as common interference which is applied with typical IRC processing. Target UE applies interference cancellation with granularity of 1 RB or PRB bundling size depending on UE implementation.
1.2 [bookmark: _GoBack]The use cases
As noted in section 2.1, Target UE can only apply interference detection for co-scheduled UEs in orthogonal antenna ports (Or the co-scheduled UE(s) has the same DMRS sequence as the target UE as denoted in proposed signalling). For simplicity of expression, “co-scheduled UEs” in the following only represents “co-scheduled UE(s) that has the same DMRS sequence as target UE”. 
Bit field mapped to index 0 is equivalent to SU-MIMO scenario, target UE can benefit from turning off the advanced receiver and fallback to MMSE-IRC receiver in time to avoid unnecessary power consumption.
Bit field mapped to indexes 1~5 means in the whole bandwidth of target UE, all co-scheduled UE(s) has a single modulation order scheduled which is directly indicated to target UE. Target UE can apply R-ML algorithm for all co-scheduled UE(s) without high-complexity modulation order detection. 
Bit field mapped to index 6 is beneficial to the UEs capable of modulation order detection. The complexity of maximum likelihood modulation order detection increases exponentially as the number of interference layers increases. For example, target UE has to traverse 25 hypothesises of modulation order in case of 2 interference layers exist with each layer having 5 possibilities {QPSK, 16QAM, 64QAM, 256QAM,1024QAM} in each PRB. The complexity is unacceptable for most UEs, which means R-ML with joint detection can’t be applied when there is more than 1 interference layers. By indicating bit field mapped to index 6, the total hypothesises for each PRB is reduced to 5 because a single modulation order is used by co-scheduled UEs. In this way, the complexity is acceptable for most UEs and R-ML algorithm can be applied no matter how many interfering layers there are.
Bit field mapped to index 7 means at least in one PRB, multiple modulation order is configured for co-scheduled UE(s). In this case target UE couldn’t apply R-ML to all co-scheduled UE(s) due to the high complexity of modulation order detection, hence it can fallback to sub-optimal R-ML receivers, e.g. R-ML applied for only one co-scheduled UE or fallback to MMSE-IRC/E-MMSE-IRC receiver directly. It is noted that performance of target UE in this case is worse than target UE in cases 1~6. 
One example of the use case for the indication is shown in Figure 1. In one slot, UE1 is scheduled with DMRS Ports 1000 and 1001 with 16QAM. UE2 and UE3 are scheduled with DMRS Ports 1002 and 1003, and 64QAM and QPSK are scheduled respectively. UE4 is scheduled with DMRS Port 1002 with 16QAM scheduled. UE5 is scheduled with DMRS Port 1003, and 16QAM is scheduled. From UE1 perspective, i.e. target UE, bit field mapped to index 6 can be indicated, which means UE1 can apply R-ML algorithm with low-complexity modulation order detection for all co-scheduled UEs. From UE2~UE5 perspective, bit field mapped to index 2can be indicated, so that these UEs can apply R-ML receiver without modulation order detection for all co-scheduled UE(s). The performance for all the UEs can be improved with the help of this indication. Without this signalling, due to the unacceptable high complexity of modulation order detection, all UEs have to fallback to other receiver with poorer performance.
[image: ]
Figure 1: The use case of the indication of modulation order

Following the above discussion and WID objective, it is proposed to introduce a DCI field to implement the signalling in LS [2].
In LS [2], it is proposed that the field is intended to be included in a DCI which can be based on the format 1_1. Since the benefits from R-ML receiver can be achieved in various scenarios supported by both DCI format 1_1 and format 1_2, we propose to introduce the field for both DCI formats.
Proposal 1: The field to indicate information of modulation order should be introduced in both DCI formats 1_1 and 1_2.

Conclusion
In this paper, we provide our views on required DCI signalling for advanced receiver on MU-MIMO scenario, with following proposal.
Proposal 1: The field to indicate information of modulation order should be introduced in both DCI formats 1_1 and 1_2.
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