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Background
In last meeting, a WF [1] was agreed and many open issues were left. In this contribution, we provide our views on these open issues.
Discussions

Work plan 
It shall be mentioned that no special plan on required network signalling is captured in work plan [1] agreed in last meeting. RAN4 should speed up the progress of NWA discussion which has impact on other WGs since RAN 1 will freeze the Rel-18 at 2023, Q3 which leaves only three meetings.  RAN4 shall complete the NWA discussion before the end of May meeting and leave one meeting to RAN1 for further discussion.
Observation 1: RAN 1 will freeze the Rel-18 at 2023, Q3, the time is very limited
Proposal 1:  RAN4 shall speed up the progress of NWA discussion which should be completed before the end of May meeting and leave one meeting to RAN1 for further discussion

The presence of co-scheduled UE
One of issues is presence of co-scheduled UE. Candidate options are shown as follows:
	Issue 3-1-1: The presence of co-scheduled UE
· Whether this information is needed:
· [bookmark: _Hlk127895542]UE should know the presence of MU-MIMO transmission
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied 
· Option 2: By assistant information signalling



UE must know the presence of MU-MIMO transmission if applying advanced receiver. Without help of signaling, UE has to perform power detection per DMRS port and per PRB which is a very power consuming processing. UE can fallback to MMSE-IRC directly if informed as operating in SU-MIMO scenario. Meanwhile, we don’t see any need to study the blind detection for presence of MU-MIMO transmission, the reason is that RAN4 did much blind detection study in Rel-17 CRS-IM topic such as CRS port detection, vShift detection, bandwidth detection, the outcome of which is that no performance degradation can be observed. The same conclusion can be extended to MU-MIMO interference detection.
Proposal 2: UE should be indicated the presence of MU-MIMO transmission by signaling.
Observation 2: The outcome of blind detection study in Rel-17 CRS-IM demonstrates that interference presence and position detection has good robustness which can be extended to MU-MIMO interference cancellation since the power detection algorithm is consistent.
Proposal 3: Don’t study any blind detection except for modulation order of interference UE

The DMRS sequence information for the co-scheduled UE
One of issues is DMRS sequence information. Candidate options are shown as follows: 
	· Whether this information is needed:
· UE should know the DMRS sequence information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE
· Option 2: Blind detection should be studied
· Option 2A: UE can assume DMRS parameters in DMRS-DownlinkConfig is same for all UEs. It is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users. For nSCID ∈ {0, 1}, UE can either perform blind detection or require signaling. 
· Option 3: By assistant information signalling
· Option 3A: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs



The common implementation is that UE only tries to perform interference mitigating for interference UEs which has same DMRS sequence as its own. Additional complexity will be brought if UE is required to blindly detect different nSCID value.  Meanwhile, we think it is difficult to inform this information by signalling especially for cases with large number of co-scheduled UEs. For example, if two co-scheduled UEs configured with different nSCID, how to indicate which nSCID belongs to which co-scheduled UE?
Proposal 4: RAN 4 to apply the R18 advanced receiver for the scenario that all paired UEs have same DMRS sequence

The DMRS port information for the co-scheduled UE
One of issues is DMRS port information. Candidate options are shown as follows: 
	· Whether this information is needed:
· UE should know the DMRS port information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling



Exactly, UE has to know the DMRS port information. However, we slightly prefer to leave it to UE blind detection rather than network information signaling considering the required bit overhead is very large. I.e. 8 bit is needed for DMRS type1 and 12bit is needed for DMRS type2. 
Proposal 5: Don’t introduce signaling on DMRS port 

Precoding granularity for the co-scheduled UE
One of issues is precoding granularity of the co-scheduled UE. Candidate options are shown as follows:
	· Whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Other options are not precluded



According to the design by RAN1, it can’t be guaranteed that all UEs in different CDM groups have aligned PRG. Per RB interference cancellation is a safest solution but Per PRG interference cancellation is better for following reasons:
· Per PRG interference cancellation has more DMRS samples which lead to better channel estimation performance of interference UE
· Per PRG interference cancellation reduces the modulation order times 
· Per PRG interference cancellation has more frequency diversity gain for modulation order detection
Therefore, we suggest to introduce 1 bit DCI based signaling including following:
· When PRG of serving UE equals to 2 or 4, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid.
· When PRG of serving UE equals to wideband, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in the whole bandwidth.
Proposal 6: Introduce 1 bit DCI based signaling including following:
· When PRG of serving UE equals to 2 or 4, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid.
· When PRG of serving UE equals to wideband, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in the whole bandwidth.

DMRS power boosting for the co-scheduled UE
One of issues is DMRS power boosting, the candidate options are shown as follows:
	· Option 1: Discuss whether same DMRS power boosting assumed for paired UE is typical scenario
· Other options are not precluded


DMRS power boosting depends on number of DMRS CDM groups without data which is specified in TS 38.214. We copy it as following for convenience:
Table 2-1: The ratio of PDSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB


[bookmark: m_5316982126202528146__Hlk120878686]The number of DMRS CDM groups without data is informed as UE specific by DCI format 1_1. If not scheduled in all DMRS CDM groups, target UE can’t know the DMRS power boosting value of co-scheduled UEs in some cases. For example, as descripted in Figure 2-2, target UE is scheduled in port 1000 with number of DMRS CDM groups without data equalling to 2, this UE can’t know the number of DMRS CDM groups without data of co-scheduled UE since it can be 1 (case2, co-scheduled UE is scheduled in CDM group 1) or 2(case1, co-scheduled UE is scheduled in both CDM group 1 and CDM group 2). That will lead to different DMRS power boosting value of co-scheduled UE.
[image: cid:image004.jpg@01D93630.0DE54680]
Figure 2-1: Illustration of miss-match of DMRS power and PDSCH power for MU-MIMO scenario
If target UE perform channel estimation of co-scheduled UE with wrong DMRS power boosting assumption, there will be miss-match between power of DMRS and PDSCH which leads to performance degradation especially for RML receiver. We would like to invite network clarify whether same DMRS power boosting configured for paired UE is typical scenario.
Proposal 7: Discuss whether same DMRS power boosting configured for paired UE is typical scenario.

[bookmark: _Hlk127812799]The transmission power ratio of co-scheduled users PDSCH to own PDSCH
One of issues is power ratio of co-scheduled users PDSCH to own PDSCH, the candidate options are shown as follows:
	· Whether this information is needed:
· Option 1: UE should know the transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Other options are not precluded



Based on our understanding, UE doesn’t need to know the exact power of co-scheduled UE since it can be implicitly reflected in the estimated channel matrix.
Proposal 8: Don't consider power ratio of co-scheduled users PDSCH to own PDSCH.

Time domain resource allocation information of the co-scheduled UE
One issue is time domain resource allocation. Candidate options are shown as follows:
	· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
· Option 2: UE needs to know the time domain allocation in case it is not the same with the target UE
· Option 3: Assistant signalling should be introduced
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· If not, which serving PDSCH symbols are interfered by the same set of co-scheduled UEs 



Based on the WI, RAN4 should focus on slot based transmission. See follows:

	· Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
· Phase I: Study the performance gain, reference receiver assumption, interference modelling, testability, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission 



Uneven interference has been considered as a corner scenario in Rel-17 MMSE-IRC discussion. We don’t see any need to re-discuss this issue again.
Proposal 9: UE always assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 

Frequency domain resource allocation information of the co-scheduled UE
One issue is frequency domain resource allocation. Candidate options are shown as follows:
	· Whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE
· Option 2: UE needs to know the frequency domain allocation in case it is not the same with the target UE
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Option 2: UE shall assume that interference UEs have same PDSCH resource allocation as its own PDSCH
· Option 3: By assistant information signaling



Firstly, UE should know this information. The only way to get this information is per PRB detection since assistant information signalling is impossible considering the bit overhead limitation.
Proposal 10: UE is assumed to perform per PRB detection to acquire the frequency domain resource of co-scheduled UE.

Signalling type and granularity
We have following options for this issue:
	Signalling for the network assistant information
· Option 1: RRC and MAC-CE signaling
· Option 2: DCI
Granularity of the network assistant signalling 
· Option 1: For the whole bandwidth of serving UE considering the overhead limitation
· Other options are not precluded



Scheduling information for MU-MIMO scenario can be changed dynamically which means only DCI based indicating is feasible. RRC and MAC-CE signalling are only suitable for static or semi-static information.  As for the granularity, since UE can’t know frequency domain resource of itself before decoding DCI format 1_1, therefore the bit length should be based on maximum number of RB. I.e. N*ceil (275/G), G is granularity and N is number of bit per granularity. That is unacceptable number for DCI transmission. Therefore we suggest to design the signalling targeting for the whole actual frequency resource scheduled for target UE.
Meanwhile, RRC indication is necessary to indicate whether the new added bits field in DCI format 1_1 is existing so UE can decode DCI with correct information bit length. 
Proposal 11:  Introduce new bits in DCI format 1_1 to carry the signalling and set the granularity to the whole actual frequency resource scheduled for target UE. Meanwhile, RRC indication is necessary to indicate the presence of this new bit field.

RS location information of the co-scheduled UE for R-ML receiver
We have following options for this issue:
	· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Option 2: Assistant signaling should be introduced
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs



We can understand that reference signals non-overlapping between serving UE and co-scheduled UEs can degrade the R-ML performance. But we have following concern:
(1) PT-RS is less likely to be configured in FR1 which has been considered as baseline operating frequency range in this WI
(2) Cell-specific CSI-RS is widely used in real deployment which means all paired UEs have overlapping CSI-RS
(3) It may be not worth to introduce one DCI bit to indicate such corner cases considering the overhead limitation 
Proposal 12: In R18 advanced receiver study, always assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE

The modulation order information of the co-scheduled UE
We have following options for this issue:
	· Whether this information is needed:
· UE with R-ML should know the modulation order information for each co-scheduled layer
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling the modulation order information
· Option 3: Introduce the following signaling to reduce the search space
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB



Due to the complexity and power consuming of practical implementation, it is better to limit the total hypotheses of modulation order target UE has to blindly detect up to 4. Following two circumstances are feasible to apply R-ML with modulation order blind detection.
(1) All interference layers have same modulation order, so UE can do R-ML for all interference layers
(2) All interference layers have two modulation orders, so UE can do R-ML for 2 interference layers
We figure out two potential signalling implementation which is proposed to be as start point:
Example 1:
Table 2-2: Proposed signalling for modulation order (Example 1)
	Bit value
	Content
	UE behaviour 

	00
	No co-scheduled UE paired
	UE fallback to MMSE-IRC receiver directly

	01
	In any PRB scheduled for serving UE, all co-scheduled UEs have same modulation order but different with modulation order of serving UE
	UE blindly detect modulation order of all interference layers with 4 possibilities

	10
	In any PRB scheduled for serving UE, all co-scheduled UEs have same modulation order with serving UE
	UE doesn’t need to blindly detect modulation order 

	11
	At least in one PRB, co-scheduled UEs have different modulation order 
	UE fallback to E-MMSE-IRC receiver 



Example 2:
Table 2-3: Proposed signalling for modulation order (Example 2)
	Bit value
	Modulation order set
	UE behaviour 

	000
	{QPSK}
	UE doesn’t need to blindly detect modulation order

	001
	{16QAM}
	

	010
	{64QAM}
	

	011
	{256QAM} 
	

	100
	{QPSK, 16QAM}
	UE can blindly detect modulation order for 2 layers at most(4 hypotheses)

	101
	{QPSK, 64QAM}
	

	110
	{16QAM, 64QAM}
	

	111
	Others
	UE can blindly detect modulation order for 1 layers at most



Proposal 13: Use examples listed in Table 2-2(1st preferred) and Table 2-3(2nd preferred) as start point for signalling design on modulation order
Conclusion 
In this contribution we provide our views on open issues for advanced receiver for MU-MIMO. The proposals and observations are:
Proposal 1:  RAN4 shall speed up the progress of NWA discussion which should be completed before the end of May meeting and leave one meeting to RAN1 for further discussion
Observation 1: The outcome of blind detection study in Rel-17 CRS-IM demonstrates that interference presence and position detection has good robustness which can be extended to MU-MIMO interference cancellation since the power detection algorithm is consistent.
Proposal 2: Don’t study any blind detection except modulation order of interference UE
Proposal 3: RAN 4 to apply the R18 advanced receiver for the scenario that all paired UEs have same DMRS sequence
Proposal 4: Don’t introduce signaling on DMRS port 
Proposal 5: Introduce 1 bit DCI based signaling including following:
· When PRG of serving UE equals to 2 or 4, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid.
· When PRG of serving UE equals to wideband, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in the whole bandwidth.
Proposal 6: Discuss whether same DMRS power boosting configured for paired UE is typical scenario.
Proposal 7: Don't consider power ratio of co-scheduled users PDSCH to own PDSCH.
Proposal 8: UE always assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
Proposal 9: UE is assumed to perform per PRB detection to acquire the frequency domain resource of co-scheduled UE.
Proposal 10:  Use DCI to carry the signalling and set the granularity to the whole actual frequency resource scheduled for target UE.
Proposal 11:  Introduce new bits in DCI format 1_1 to carry the signalling and set the granularity to the whole actual frequency resource scheduled for target UE. Meanwhile, RRC indication is necessary to indicate the presence of this new bit field.
Proposal 12: Use examples listed in Table 2-2 and Table 2-3 as start point for signalling design on modulation order
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