[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108bis	R4-2315909
[bookmark: _Hlk133917470]Xiamen, China, Oct 9 – Oct 13, 2023


Source:	Nokia, Nokia Shanghai Bell
Title:	On Advanced Receivers - Test parameters
Agenda item:	5.18.2.2
Document for:	Discussion
Introduction
Some was made in RAN4#108 on test parameters for advanced receivers, however several issues are still open as the main focus was on finalizing phase I.
In the following contribution we will provide our view on the remaining open issues and make new proposals where needed.

Discussion
Status after RAN4#108
In RAN4#108 phase 1 of the Advanced receivers topic concluded and R-ML receiver was down selected. In the 2nd phase the performance requirements are to be introduced based on R-ML receiver with the agreed DCI, RRC signaling and the default assumptions [1].
In this document we provide our views on the open topics regarding Test parameters for defining the performance requirements as captured in [1] .

Test scope
In RAN4#108 following was discussed regarding the scope of the performance tests (see [1]).
	Issue 2-1: Test scope
· Candidate options
· Option 1: Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO
· Both FDD 15kHz SCS with 10MHz CHBW and TDD 30kHz SCS with 40MHz CHBW
· 2Tx-2Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 2Tx-4Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 4Tx-4Rx with rank 2 transmission for both target and co-scheduled UE on each PRB
· Other options are not precluded.




We agree with reusing the antenna configurations from Rel – 17 MMSE-IRC for MU-MIMO. But the scope can be extended to include more than 1 co-UEs which are frequency or spatial multiplexed. As shown in Figure 1, 4Tx-4Rx case can also be configured with rank 2 for target UE and rank 1 for two co-UEs. Similarly, 2Tx-2Rx, 2Tx-4Rx cases can be configured with rank1 for target UE and rank1 for two co-UEs, which are frequency multiplexed.
[image: ]                             [image: ]
[bookmark: _Ref146526629]Figure 1 Cases with 2 co-UEs a) Frequency multiplexed b) Spatial multiplexed
From the results capture in [3] it is seen that performance requirements with 2 co-UEs can be different with similar configuration with 1 co-UE.
Cases with 2 co-UEs have different performance requirement as compared to case with 1 co-UE.
Reuse test scope from Rel 17 MMSE-IRC for MU-MIMO (option 1) and extend it to include cases with 2 co-UEs which are frequency or spatial multiplexed.

Co-scheduled UE number
In RAN4#108 the number of co-scheduled UEs was discussed (see [1]).
	Issue 2-2: Co-scheduled UE number
· Candidate options
· Option 1: Defining requirements with R-ML receiver for the case of 1 co-scheduled UE
· Other options are not precluded.




The case of 1 co-scheduled UE is important and performance requirements based on it shall be defined. However, as shown in Figure 1, cases with multiple co-UEs can be defined either with single MO across all co-UEs or different MO across the UEs.
For the case of same MO across co-UEs, the MO can be signaled using the proposed DCI signaling (see [2]) to enable the R-ML receiver. Only the precoder configuration needs to be defined for the co-UEs. As shown in Figure 1, two cases can be considered.
Frequency multiplexed co-UEs
· Target UE: Rank 1, port 1000, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1001, Partial CHBW allocation (0 to 25 PRB) with QPSK
· Co-UE2: Rank 1, port 1001, Partial CHBW allocation (38 to 51 PRB) with QPSK
Spatial multiplexed co-UEs
· Target UE: Rank 2, port 1000, 1001, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1002, Full CHBW allocation with QPSK
· Co-UE2: Rank 1, port 1003, Full CHBW allocation with QPSK
From the available results in Table 1, cases with 2 co-UEs are shown to have a good gain over REL 17 MMSE-IRC receiver. Notably results of case 19 with 2 co-UEs having Rank 1 and using same MO are different from case 5 with a single co-UE having rank 2.
Cases with 2 co-UEs using same MO have different performance requirement as compared to case with 1 co-UE.
[bookmark: _Ref146660037]RAN4 to define additional performance requirements based on multiple co-UEs using the same modulation order. 
Frequency multiplexed co-UEs
· Target UE: Rank 1, port 1000, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1001, Partial CHBW allocation (0 to 25 PRB) with QPSK
· Co-UE2: Rank 1, port 1001, Partial CHBW allocation (38 to 51 PRB) with QPSK
Spatial multiplexed co-UEs
· Target UE: Rank 2, port 1000, 1001, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1002, Full CHBW allocation with QPSK
· Co-UE2: Rank 1, port 1003, Full CHBW allocation with QPSK

For the case of different MO across co-UEs, it will be beneficial to study MO detection performance with multiple co-UEs multiplexed across frequency or DMRS ports.
Performance requirements based on multiple co-UEs having different MO will require alignment on MO blind detection.

Frequency domain resource allocation
In RAN4#108 following option was discussed regarding the FDRA of co-UEs (see [1]).
	Issue 2-3: Frequency domain resource allocation
· Candidate options:
· Option 1: Additionally define requirements for cases with partial CHBW FDRA of co-scheduled UE, i.e., Cover both full and partial CHBW resource allocation for the co-scheduled UE, and full CHBW resource allocation for the target UE 
· Other options are not precluded.




In addition to option 1 the case with 2 co-UEs which are frequency multiplexed across two partial CHBW FDRA can also be defined such that there are few unallocated PRBs. This kind of allocation will require individual blind detection of each PRG that constitutes target UEs FDRA. This is as shown in Figure 1 for the case of Frequency multiplexed co-UEs.
Non-contiguous interference CHBW FDRA allocation comprising of more than one co-UEs requires blind detection with PRG level granularity.
RAN4 to consider non-contiguous interference FDRA allocation with multiple co-UEs in addition to partial and full CHBW FDRA allocation of single co-UE.

[bookmark: _Hlk146660429]Test setting for the RAN4 agreed network default assumptions
In RAN4#108 following was discussed regarding the RAN4 agreed network default assumptions (see [1]).
	Issue 2-4: Test setting for the RAN4 agreed network default assumptions
· Candidate options:
· Option 1: For phase II tests, all the RAN4 agreed network default assumptions should be valid
· Option 1A: On top of Option 1, additional tests with invalid network default assumptions should be considered if additional UE capabilities will be introduced for the UE capable of performing advanced receiving under invalid network default assumptions.
· Other options are not precluded.



It our understanding RAN4 agreed network default assumptions are enough for defining the phase 2 tests. Based on previous agreements to not define UE capabilities if default assumptions does not hold, we do not expect additional tests to be defined (option 1A)
All RAN4 default assumptions shall be assumed valid when defining testscases.

MCS Table
In RAN4#108 following was discussed regarding maximum MCS table (see [1]).
	Issue 2-5: MCS Table
· Candidate options:
· Option 1: The maximum MCS table is 256QAM or 64QAM MCS table, i.e., 1024QAM is not covered
· Other options are not precluded.




It is our understanding that this issue is only about limiting the MCS table of co-scheduled UE to below 1024 QAM for defining performance requirements. No limitations on the MCS table for target UE are implied by this issue.
And regarding the co-UEs modulation order, the DCI index 5 in the LS to RAN1 [2] can be used to signal 1024 QAM, hence 1024QAM is a valid case. Similarly, the ongoing discussion on issue 1-2-2-3 in [1] also includes RRC bits to signal the maximum MCS table which can include the 1024 MCS table.
Hence in our understanding no limitations on either the maximum MCS Table for target or co-UE are to be assumed by default.
It is our understanding that the issue is only about limiting the MCS table of co-scheduled UE to below 1024 QAM for defining performance requirements.
No limitations on maximum MCS Table for target or co-UE can be assumed by default.
However, because using higher modulation orders gives marginal performance gain of R-ML receiver, over the Rel 17 MMSE-IRC for MU-MIMO, we think performance requirements definition can exclude 1024 QAM for co-scheduled UEs.
Do not cover 1024 QAM for co-scheduled-UEs when defining performance requirements for Rel-18 MU-MIMO advanced receivers.

Precoder selection for co-scheduled UE
In RAN4#108 following option was discussed for precoder selection of co-scheduled UE (see [1]).
	Issue 2-6: Precoder selection for co-scheduled UE
· Candidate options:
· Option 1: Only consider orthogonal PMI selection with the target UE
· Other options are not precluded.




Paired UEs further away from the base station will most likely not have orthogonal precoders and usage of random PMI for co-UE in phase 1 has shown to give good performance gain of R-ML receiver over Rel 17 baseline receiver. Hence, we believe that both usage of orthogonal and random PMI should be considered while defining performance requirements.
Usage of orthogonal precoders across paired UEs cannot always be guaranteed in real world deployments.
Simulation studies have shown good gain of R-ML receiver over Rel 17 baseline receiver when using random PMI for co-UEs.
RAN4 to consider both random PMI and orthogonal PMI for defining performance requirements for REL-18 MU-MIMO advanced receivers.

Test setting for R-ML without modulation order blind detection
In RAN4#108 following options were discussed for R-ML receiver-based performance tests without modulation order blind detection (see [1]).
	Issue 2-7: Test setting for R-ML without modulation order blind detection
· Candidate options:
· Option 1: 1 co-scheduled UE with single modulation order should be considered. The UE should be informed DCI 1~5 according to the allocated modulation order
· Option 2:
· Rank 1+1, TDLC300-100 medium 
· Rank 2+2, TDLA30-10 Low 
· QPSK configured for co-scheduled UE




Both options 1 and 2 should be extended in our opinion to include cases with multiple co-UEs using the same modulation order which can be signaled to the target UE using DCI 1~5. Similarly, the modulation order of co-UE need not be fixed to QPSK as cases with good gain using R-ML receiver over REL 17 MMSE-IRC receiver can be defined using higher modulation order, too. This is as seen from the results captured in Table 1 for several cases with ULA medium antenna configuration which have been studied in [3]. It can also be seen from results in [3] that using 64 QAM for co-UE do not have large gain over Rel 17 MMSE-IRC receiver.
[bookmark: _Ref146646698]Table 1 Selected simulation results from [3]
	Case
	Co- UE number
	Rank target UE
	Rank Co- UE
	MCS target UE
	Modulation order co- UE
	MIMO
	Channel model
	Precoder Co- UE
	FDRA Co-UE
	R-ML genie
	R-ML BD1
	IRC Rel17
	Gain of R-ML

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1
	1
	1
	4
	QPSK
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	Full CHBW allocation (52PRBs)
	5.5
	5.5
	7
	1.5
	

	2
	
	
	
	13
	
	
	
	
	
	15
	15
	23.2
	8.2
	

	3
	
	
	
	
	16QAM
	
	
	
	
	18.8
	18.9
	23.2
	4.3
	

	5
	
	2
	2
	
	QPSK
	4Tx 4Rx ULA medium
	TDLA30-10
	orthogonal
	
	10.7
	10.7
	13.3
	2.6
	

	8
	
	1
	1
	13
	QPSK
	2Tx 4Rx ULA medium
	TDLC300-100
	random
	
	12.7
	12.7
	TBA
	TBA
	

	9
	
	
	
	
	16QAM
	
	
	
	
	16.9
	16.9
	TBA
	TBA
	

	11
	
	
	
	
	QPSK
	2Tx 4Rx ULA low
	TDLC300-100
	random
	
	8
	8
	10.8
	2.8
	

	14
	
	1
	1
	13
	QPSK
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	Partial CHBW allocation (0~25 PRBs)
	12.8
	12.8
	15.3
	2.5
	

	16
	
	1
	1
	13
	16QAM
	2Tx 4Rx ULA medium
	TDLC300-100
	random
	
	12.3
	12.4
	TBA
	TBA
	

	17
	
	1
	1
	13
	QPSK
	2Tx4Rx ULA low
	TDLC300-100
	Random
	
	6.5
	7
	8.7
	1.7
	

	18
	2
	1
	1 for each Co-UE
	13
	Co-UE1: QPSK    Co-UE2: 16QAM
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	Co-UE1: 0~25 PRBs             Co-UE2: 38~51 PRBs
	TBA
	TBA
	TBA
	TBA
	

	19
	
	2
	1 for each Co-UE
	13
	Co-UE1: QPSK    Co-UE2: 16QAM
	4Tx 4Rx ULA low
	TDLC300-100
	random
	Full CHBW allocation (52PRBs)
	12.6
	12.6
	17.8
	5.2
	

	Note 1: R-ML BD refers to blind detection of DMRS ports and FDRA of co-scheduled UEs with PRG granularity
	



Using 16QAM as modulation order of co-UE gives good gain over REL 17 MMSE-IRC receiver when ULA medium antenna configuration is used.
Using 64QAM as modulation order of co-UE does not give large gain over REL 17 MMSE-IRC receiver in all cases.
With 2Tx 4 RX antenna configuration also large gains are visible using R-ML receiver both with ULA medium and ULA low antenna configurations
RAN4 to define requirements based on R-ML receiver without MO detection using QPSK and 16QAM for co-scheduled UEs for rank 1+1, TDLC300-100 channel and using 2Tx2RX ULA medium, 2TX4RX ULA medium antenna configurations.
RAN4 to define requirements based on R-ML receiver without MO detection using QPSK for co-scheduled UEs for rank 2+2, TDLA30-10 channel and using 2Tx4RX ULA low, 2TX4RX ULA low antenna configurations.
Also, cases with 2 co-UEs from Proposal 2: are shown to have a good gain over REL 17 receiver as seen from the results captured in Table 1. Notably results of case 19 with 2 co-UEs having Rank 1 and using same MO are different from case 5 with a single co-UE having rank 2.
Cases with 2 co-UEs using same MO show good gain over REL17 MMSE-IRC receiver and have different performance requirement as compared to case with 1 co-UE.
RAN4 to consider cases with 2 co-UEs having same modulation order while defining requirements based on R-ML receiver without MO detection.

Test setting for R-ML with modulation order blind detection
In RAN4#108 following options were discussed for R-ML with modulation order blind detection (see [1]).
	Issue 2-8: Test setting for R-ML with modulation order blind detection
· Candidate options:
· Option 1: In the test with target UE full CHBW allocation, define the test under following configurations and the UE should be informed DCI 6
· Co-UE1: Partial CHBW allocation with QPSK
· Co-UE2: Partial CHBW allocation with 16QAM
· Option 2:
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE




Based on the proposed capabilities in section 2.3.3 of [4] both the options 1 & 2 should be included for R-ML with modulation order blind detection. It will be beneficial to extend option 2 with 1 co-UE to include both QPSK and 16QAM for the co-UE, as R-ML receiver is shown to have good gain for both modulation orders. In addition, option 1 should be modified to allocate non-contiguous type 1 partial CHBW allocation to each co-UE. A 3rd case of 2 co-UEs which are spatially multiplexed can also be considered to test UEs, which can blindly detect single MO per layer.
Based on options 1 and 2 above and adding a new configuration with spatial multiplexed co-UES we propose the following option
In the test with target UE full CHBW allocation, define the test under following configurations and the UE should be informed DCI 6:
Test 1:
· Target UE: Rank 1, Full CHBW allocation, QPSK
· Co-UE1: Rank 1, Partial CHBW allocation, 0 to 25 PRB with QPSK
· Co-UE2: Rank 1, Partial CHBW allocation, 38 to 51 PRB, with 16QAM
Test 2:
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE
Test 3:
· Rank 1+1, TDLC300-100 medium 
· 16 QAM configured for co-scheduled UE
Test 4
· Target UE: Rank 1, Full CHBW allocation, random precoder, 16QAM
· Co-UE1: Rank 1, Full CHBW, random precoder, QPSK
· Co-UE2: Rank 1, Full CHBW, random precoder, 16QAM


[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]This paper presented Nokia's views on various open issues with relation to test parameters for advanced receivers.

We have made the following observations and proposals:

Test scope
1. Cases with 2 co-UEs have different performance requirement as compared to case with 1 co-UE.
1. Reuse test scope from Rel 17 MMSE-IRC for MU-MIMO (option 1) and extend it to include cases with 2 co-UEs which are frequency or spatial multiplexed.

Co-scheduled UE number
Cases with 2 co-UEs using same MO have different performance requirement as compared to case with 1 co-UE.
RAN4 to define additional performance requirements based on multiple co-UEs using the same modulation order. 
Frequency multiplexed co-UEs
· Target UE: Rank 1, port 1000, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1001, Partial CHBW allocation (0 to 25 PRB) with QPSK
· Co-UE2: Rank 1, port 1001, Partial CHBW allocation (38 to 51 PRB) with QPSK
Spatial multiplexed co-UEs
· Target UE: Rank 2, port 1000, 1001, Full CHBW allocation with 16 QAM
· Co-UE1: Rank 1, port 1002, Full CHBW allocation with QPSK
· Co-UE2: Rank 1, port 1003, Full CHBW allocation with QPSK
Performance requirements based on multiple co-UEs having different MO will require alignment on MO blind detection.

Frequency domain resource allocation
Non-contiguous interference CHBW FDRA allocation comprising of more than one co-UEs requires blind detection with PRG level granularity.
RAN4 to consider non-contiguous interference FDRA allocation with multiple co-UEs in addition to partial and full CHBW FDRA allocation of single co-UE.

Test setting for the RAN4 agreed network default assumptions
All RAN4 default assumptions shall be assumed valid when defining testscases.

MCS Table
It is our understanding that the issue is only about limiting the MCS table of co-scheduled UE to below 1024 QAM for defining performance requirements.
No limitations on maximum MCS Table for target or co-UE can be assumed by default.
However, because using higher modulation orders gives marginal performance gain of R-ML receiver, over the Rel 17 MMSE-IRC for MU-MIMO, we think performance requirements definition can exclude 1024 QAM for co-scheduled UEs.
Do not cover 1024 QAM for co-scheduled-UEs when defining performance requirements for Rel-18 MU-MIMO advanced receivers.

Precoder selection for co-scheduled UE
Usage of orthogonal precoders across paired UEs cannot always be guaranteed in real world deployments.
Simulation studies have shown good gain of R-ML receiver over Rel 17 baseline receiver when using random PMI for co-UEs.
RAN4 to consider both random PMI and orthogonal PMI for defining performance requirements for REL-18 MU-MIMO advanced receivers.

Test setting for R-ML without modulation order blind detection
Using 16QAM as modulation order of co-UE gives good gain over REL 17 MMSE-IRC receiver when ULA medium antenna configuration is used.
Using 64QAM as modulation order of co-UE does not give large gain over REL 17 MMSE-IRC receiver in all cases.
RAN4 to define requirements based on R-ML receiver without MO detection using QPSK and 16QAM for co-scheduled UEs for rank 1+1, TDLC300-100 channel and using 2Tx2RX ULA medium, 2TX4RX ULA medium antenna configurations.
RAN4 to define requirements based on R-ML receiver without MO detection using QPSK for co-scheduled UEs for rank 2+2, TDLA30-10 channel and using 2Tx4RX ULA low, 2TX4RX ULA low antenna configurations.
Cases with 2 co-UEs using same MO show good gain over REL17 MMSE-IRC receiver and have different performance requirement as compared to case with 1 co-UE.
RAN4 to consider cases with 2 co-UEs having same modulation order while defining requirements based on R-ML receiver without MO detection.

Test setting for R-ML with modulation order blind detection
In the test with target UE full CHBW allocation, define the test under following configurations and the UE should be informed DCI 6:
Test 1:
· Target UE: Rank 1, Full CHBW allocation, QPSK
· Co-UE1: Rank 1, Partial CHBW allocation, 0 to 25 PRB with QPSK
· Co-UE2: Rank 1, Partial CHBW allocation, 38 to 51 PRB, with 16QAM
Test 2:
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE
Test 3:
· Rank 1+1, TDLC300-100 medium 
· 16 QAM configured for co-scheduled UE
Test 4
· Target UE: Rank 1, Full CHBW allocation, random precoder, 16QAM
· Co-UE1: Rank 1, Full CHBW, random precoder, QPSK
· Co-UE2: Rank 1, Full CHBW, random precoder, 16QAM

References
[1] [bookmark: _Ref114500673][bookmark: _Ref144906290]R4-2313993 - WF for Advanced receiver to cancel inter-user interference for MU-MIMO
[2] [bookmark: _Ref146646212]R4-2309895 - LS on required DCI signalling for advanced receiver on MU-MIMO scenario
[3] [bookmark: _Ref146646475]R4-2315910 - Advanced Receivers Simulations results
[4] [bookmark: _Ref146646517]R4-2315908 - Advanced Receivers – Receiver assumptions and NWA signalling
image1.emf
Target UE

Co-UE1

Co-UE2

A.

Port 1000 Port 1001


image2.emf
Target UE Co-UE1

Port 1000,1001 Port 1002

Co-UE2

Port 1003

B.


