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Background
In last meeting, a WF [1] on the receiver for MU-MIMO scenario was approved. This contribution provides our views related to open issues.
1   UE feature list
It was agreed in last meeting that granularity of capability signaling is per UE with the note that “ UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA operation”. However,  the complexity of R-ML in EN-DC, NE-DC and NR-DC operation are similar with CA operation. Therefore, the optional conditions for R-ML should include EN-DC, NE-DC and NR-DC.
Proposal 1: Modify the note “ UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA operation” to “ UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA, NE-DC, EN-DC and NR-DC operation”.
It has been agreed to introduce additional 3 bit DCI to assist UE perform R-ML receiver on MU-MIMO scenario,  the presence of 3bit is further indicated by the RRC signaling “advReceiver-MU-MIMO-DCI-1-1”. However, identifying this DCI signaling is one capability needing additional implementation changes, there is potential PDCCH performance degradation if UE doesn’t implement the 3bit DCI identification while BS transmit that. 
Observation 1: BS should be clearly informed that whether UE support decoding PDCCH with additional 3 bits DCI assistant signaling.
Based on the observation1, we propose the following：
For the consequence if the feature group 36-1 is not supported by the UE, add following: UE is not capable of decoding PDCCH with DCI bits on presence of the co-scheduled UE information field in DCI format 1_1.
Proposal 2: For the consequence if the feature group 36-1 is not supported by the UE, add following: UE is not capable of decoding PDCCH with DCI bits on presence of the co-scheduled UE information field in DCI format 1_1.
Proposal 3: Update the feature 36-1 as following:
In summary, we propose to update the feature 36-1 as following:

	36. NR_demod_enh3
	36-1
	MU-MIMO Interference Mitigation advanced receiver 

	R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression, for MU-MIMO up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX and 4RX antennas, when co-scheduled UE(s)’ modulation order is signaled
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO; 
UE not capable of decoding PDCCH with DCI bits of the co-scheduled UE information field in DCI format 1_1.
	Per UE
Note: UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA,NE-DC, EN-DC and NR-DC  operation 
	No
	FR1 only
	N/A
	
	Optional with capability signaling



2   Test parameters
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
For case with 2T2R, we have following options:
	· For Rank 1+1 with 2T2R, down select among the following cases:
· Case#1: Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case#5: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE


The only difference between case 1 and case 5 is precoding scheme. Based on our simulations shown in Appendix, the performance gain for FDD is 8.4dB for case#1 and 6.4dB for case#5. Therefore, orthogonal precoding is adequate to verify the R-ML performance given the significant gain. Random precoding seems not be practical in the real deployment. Therefore, case#5 should be selected.
For Rank 2+2 with 4T4R, we have following options:
	· [bookmark: _Hlk162446294]For Rank 2+2 with 4T4R, down select among the following cases:
· Case#7: Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case#8: Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· Case#9: Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
· Case#10: Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
· Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE


The performance gain for FDD is 2.6dB, 3.4dB, 1.3dB, 1.6dB and 3.5dB for case #7, #8,#9,#10 and last case respectively. Based on some BS vendor’s feedback in the last meeting, 64QAM+QPSK is not practical in the real network, so such case should be discarded. Based on the remaining cases, case8 has largest performance gain and should be selected.
Test requirements with modulation order blind detection 
For rank 2+2, based on our simulation results, case of MCS13+QPSK, XP medium shows significant performance gain, which could be selected. However, all other companies shows that the gain is quite limited for all cases [2].  Considering the final requirements are defined based on the average results from all companies, which shows limited performance gain. Hence we propose to discard Rank 2+2.
For rank 1+1, all cases with orthogonal PMI show enough performance gain, which should be selected to be more practical. Regarding the MCS, we propose the MCS17+QPSK since MCS13+QPSK has been selected for case without modulation order detection. Meanwhile, for case 1+1, we don’t see the necessity to configure DCI assistant signaling since there is only one modulation order configured.

MCS Table
For MCS table, we have following options:
	· Candidate options on the RRC assistant information configuration on the MCS table:
· For UEs not supporting modulation order blind detection:
· Option 1: No need for the network to inform such information to the UE
· Option 2: Should be presented regardless of whether the UE supports MO BD
· Option 2A: ‘64QAM MCS Table’
· For UEs supporting modulation order blind detection:
· Option 1: RRC-based assistant signalling on MCS Table should be ‘256QAM MCS Table’
· Option 2: Align with the MCS Table configuration in the test


Our understanding is that for cases without MO detection, there is no necessity to enable RRC assistant signalling on MCS table since UE is not expected to perform MO detection.
For cases with MO detection, it is proposed to configure “256QAM MCS Table “ since 256QAM Table is widely used in real network to improve the system throughput.
Proposal 4: RAN4 to consider following test setup for cases without modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R ULA medium, MCS13(Target UE) +QPSK(Co-UE)
For Rank 2+2: TDLA30-10, Orthogonal PMI selection, 4T4R, XPL medium, MCS13(Target UE) +QPSK(Co-UE)
DCI index 1 is configured and RRC assistant signaling on MCS table is disabled.

Proposal 5: RAN4 to consider following test setup for cases with modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)
DCI assistant signaling is disabled and RRC assistant signaling on MCS table indicates “256QAM Table”.

Test applicability rules
Based on our understanding, R-ML with MO detection is more complex than that without MO detection, so if UE passes the Rank 1+1 cases with MO detection, UE can skip the Rank 1+1 cases without MO detection.
Proposal 6: Introduce the test applicability rules that if UE passes the Rank 1+1 cases with MO detection, UE can skip the Rank 1+1 cases without MO detection.
3   Reference
[1]    R4-2402864 WF on the advanced receiver for MU-MIMO scenario. China Telcom.
[2]    R4-2400805 Phase II simulation result collection for advanced receiver for MU-MIMO
[bookmark: _Hlk160197497][3]    R4-2403842 Rel-18 RAN4 UE feature list for NR. CMCC
4   Conclusion
Proposal 1: Modify the note “ UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA operation” to “ UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA, NE-DC, EN-DC and NR-DC operation”.
Observation 1: BS should be clearly informed that whether UE support decoding PDCCH with additional 3 bits DCI assistant signaling.
Proposal 2: For the consequence if the feature group 36-1 is not supported by the UE, add following: UE is not capable of decoding PDCCH with DCI bits on presence of the co-scheduled UE information field in DCI format 1_1.
Proposal 3: Update the feature 36-1 as following:
	36. NR_demod_enh3
	36-1
	MU-MIMO Interference Mitigation advanced receiver 

	R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression, for MU-MIMO up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX and 4RX antennas, when co-scheduled UE(s)’ modulation order is signaled
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO; 
UE not capable of decoding PDCCH with DCI bits of the co-scheduled UE information field in DCI format 1_1.
	Per UE
Note: UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA,NE-DC, EN-DC and NR-DC  operation 
	No
	FR1 only
	N/A
	
	Optional with capability signaling



Proposal 4: RAN4 to consider following test setup for cases without modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R ULA medium, MCS13(Target UE) +QPSK(Co-UE)
For Rank 2+2: TDLA30-10, Orthogonal PMI selection, 4T4R, XPL medium, MCS13(Target UE) +QPSK(Co-UE)
DCI index 1 is configured and RRC assistant signaling on MCS table is disabled.

Proposal 5: RAN4 to consider following test setup for cases with modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)
DCI assistant signaling is disabled and RRC assistant signaling on MCS table indicates “256QAM Table”.
Proposal 6: Introduce the test applicability rules that if UE passes the Rank 1+1 cases with MO detection, UE can skip the Rank 1+1 cases without MO detection.

5   Appendix
Table 6-1: Summary of simulation results without modulation order detection for FDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR@70% maxTP(dB)
	MMSE-IRC
SNR@70% maxTP(dB)
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100

	ULA medium

	13
	QPSK
	13.7
	22.1
	8.4

	
	2T4R
	
	
	
	
	
	12.9
	25.0
	12.1

	
	2T2R 
	Orthogonal
	
	
	
	
	13.0
	19.4
	6.4

	
	2T4R 
	
	
	
	
	
	12.1
	20.5
	8.4

	2+2
	4T4R
	Orthogonal
	TDLA30-10
	ULA Low
	
	
	9.5
	12.1
	2.6

	
	
	
	
	XP medium
	
	
	10.5
	13.9
	3.4

	
	
	
	
	ULA Low
	17
	16QAM
	15.1
	16.4
	1.3

	
	
	
	
	XP medium
	
	
	16.8
	18.4
	1.6

	
	
	
	
	
	
	QPSK
	14.8
	18.3
	3.5



Table 6-2: Summary of simulation results without modulation order detection for TDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR@70% maxTP(dB)
	MMSE-IRC
SNR@70% maxTP(dB)
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100

	ULA medium 
	13
	QPSK
	14.3
	23.7
	9.4

	
	2T4R
	
	
	
	
	
	13.6
	27.7
	14.1

	
	2T2R 
	Orthogonal
	
	
	
	
	13.4
	20.4
	7.0

	
	2T4R 
	
	
	
	
	
	12.5
	22.3
	9.8

	2+2
	4T4R
	Orthogonal
	TDLA30-10
	ULA Low
	
	
	9.6
	12.3
	2.7

	
	
	
	
	XP medium
	
	
	10.6
	14.1
	3.5

	
	
	
	
	ULA Low
	17
	16QAM
	15.4
	16.6
	1.2

	
	
	
	
	XP medium
	
	
	17.0
	18.7
	1.7

	
	
	
	
	
	
	QPSK
	15.2
	18.5
	3.3



Table 6-3: Summary of simulation results for case with modulation order estimation for FDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR(dB)@70% max TP
	MMSE-IRC
SNR(dB)@70% 
max TP
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium
	13
	QPSK
	14.5
	22.1
	7.6

	
	
	
	
	ULA Low
	
	
	11.2
	15.0
	3.8

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	6.0
	7.4
	1.4

	
	
	
	TDLC300-100
	ULA medium
	
	
	14.6
	25.0
	10.4

	
	2T2R
	
	TDLC300-100
	ULA medium 
	17
	16QAM
	22.7
	N/A
	N/A

	
	
	
	
	ULA Low
	
	
	17.7
	24.3
	6.6

	
	2T4R
	
	TDLA30-10
	ULA Low
	
	
	10.8
	10.8
	0.0

	
	
	
	TDLC300-100
	ULA medium
	
	
	22.7
	N/A
	N/A

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	13
	QPSK
	13.6
	19.4
	5.8

	
	2T4R 
	
	
	
	
	
	13.5
	20.5
	7.0

	
	2T2R 
	
	
	
	17
	16QAM
	20.9
	26.1
	5.2

	
	2T4R 
	
	
	
	
	
	20.9
	27.9
	7.0

	2+2
	4T4R
	
	TDLA30-10
	ULA Low
	13
	QPSK
	10.6
	12.1
	1.5

	
	
	
	
	XP medium
	
	
	10.7
	13.9
	3.2



Table 6-4: Summary of simulation results for case with modulation order estimation for TDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR(dB)@70% max TP
	MMSE-IRC
SNR(dB)@70% 
max TP
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium
	13
	QPSK
	15.2
	23.7
	8.5

	
	
	
	
	ULA Low
	
	
	11.5
	16.3
	4.8

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	6.1
	7.6
	1.5

	
	
	
	TDLC300-100
	ULA medium
	
	
	15.9
	27.7
	11.8

	
	2T2R
	
	TDLC300-100
	ULA medium 
	17
	16QAM
	24.4
	N/A
	N/A

	
	
	
	
	ULA Low
	
	
	18.4
	N/A
	N/A

	
	2T4R
	
	TDLA30-10
	ULA Low
	
	
	11.1
	11.0
	-0.1

	
	
	
	TDLC300-100
	ULA medium
	
	
	25.4
	N/A
	N/A

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	13
	QPSK
	14.1
	20.4
	6.3

	
	2T4R 
	
	
	
	
	
	14.3
	22.3
	8.0

	
	2T2R 
	
	
	
	17
	16QAM
	22.1
	28.8
	6.7

	
	2T4R 
	
	
	
	
	
	22.5
	32.4
	9.9

	2+2
	4T4R
	
	TDLA30-10
	ULA Low
	13
	QPSK
	10.6
	12.3
	1.7

	
	
	
	
	XP medium
	
	
	10.6
	14.1
	3.5



