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Introduction
During the RAN4#109, the discussions on Test parameters for Advance receivers for DL MU-MIMO resulted in good progress on number of parameters for defining requirements. In this t-doc we present our views on the open topics and make proposals and observations for the same.
Discussion
Number of parameters were agreed upon in the last RAN4 #109 meeting and they are captured below.
	Test scope
· Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO (across both with MO signalled and not signaled):
· Both FDD 15kHz SCS with 10MHz CHBW and TDD 30kHz SCS with 40MHz CHBW
· 2Tx-2Rx with rank 1+1 for target and co-scheduled UE
· 2Tx-4Rx with rank 1+1 for target and co-scheduled UE
· 4Tx-4Rx, with rank 2+2 for target and co-scheduled UE(s)
· FFS on the test applicability rule based on different UE types.

For test when modulation order is not signalled
· Determine test feasibility of introducing the requirement
· R-ML with BD MO should show performance gain over MMSE-IRC
· Test parameters discussed in following issues
· Interested companies can also compare with E-IRC

Test setting for when UE is indicated Modulation order
· UE is configured with 1 co-UE with full FDRA
· Applicable to UEs that support and don’t support BD MO
· DCI signalling index 1~5 is indicated
· Parameters for feasibility study:
· Same test configurations as tests w/o MO BD except DCI signalling
· 1 co-UE with full FDRA
· Consider rank 1+1 as baseline with 
· target: 16QAM; co-UE: QPSK 
· 64QAM (target)+16QAM (co-UE) 
· Also consider 2+2 in feasibility study
· Max MO for target for BD MO: 256QAM

Test setting for when UE is not indicated Modulation order
· Applicable to UEs that support BD MO with R-ML
· DCI signalling index 6 is indicated
Other parameters
· Reuse the phase I simulation assumptions as a start point.




Our simulation T-doc [2] captures the results based on these agreed parameters and open options for the remaining parameters. In the rest of the document, we present our views based on our simulation results.

Test setting for when UE is not indicated Modulation order
In RAN4#109 the topic of test settings for when UE is not indicated Modulation order was discussed and agreements were made regarding the applicability and DCI signaling [1]. Some open points remain as captured below:

	Test setting for when UE is not indicated Modulation order
· FFS whether to introduce applicability rule to skip test(s) with modulation order indicated
· FFS is tests are applicable to UE that don’t support BD-MO with R-ML with baseline receiver 
· Test details:
· Option 1: Model 2-co-scheduled UEs with different modulation order and different FDRA
· Option 2: Same test configurations as tests w/o MO BD except DCI signalling
· Option 3: Model 1-co-scheduled UE with partial FDRA and single modulation order
· Option 4: Only consider rank 1+1 with QPSK




We believe UEs supporting BD MO should be capable of passing all tests meant for a UE without BD MO support. Hence it is fine to make applicability rule to skip tests with MO indicated if there is insignificant (<0.5 dB) difference between requirement with and without MO signaling.
UEs capable of BD MO should be capable of passing all tests meant for UEs without BD MO support.
Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO in case there is insignificant difference (< 0.5 dB) between DCI 1 to 5 requirements and DCI 6 requirements with same modulation order.
From our simulation results in [2] it can be seen that tests with E-IRC receiver performance with blind detection of co-UEs FDRA and DMRS ports comes close to that of MMSE-IRC REL17 receiver. This is as captured in Table 1. MMSE-IRC results are from [3].
[bookmark: _Ref158191531]Table 1 Comparison of E-IRC with BD of FDRA, DMRS ports vs MMSE-IRC Rel 17 requirements
	[bookmark: _Hlk158898568]Case Number
	E-IRC
	MMSE-IRC Rel 17 receiver

	1
	22.7
	23.2

	7
	13.9
	13.3



Performance of E-IRC receiver with blind detection of co-UEs FDRA and DMRS ports is close to Rel 17 requirements based on MMSE-IRC receiver.
Tests with DCI 6 signaling shall not be applicable to UEs that do not support BD MO with baseline R-ML receiver.
Since the MO detection and FDRA detection will be done with a granularity of PRG, it is important to also have some PRGs which do not have interference while testing for BD MO capable UEs. Our results captured in [2] show that good gain of R-ML receiver is still achievable over E-IRC/IRC receiver as seen in Table 2
[bookmark: _Ref158643611]Table 2 Comparison of R-ML and E-IRC receiver, 1 co-UE with Partial FDRA allocation
	Co-UE FDRA
	Rank  of target and co- UE
	MCS target UE
	Modulation order co- UE
	MIMO
	Antenna correlation
	Channel model
	Precoder Co- UE
	R-ML BD1
	R-ML Full BD2
	E-IRC BD1

	
	
	
	
	
	
	
	
	
	
	

	Partial (0 to 25 PRB)
	1+1
	13
	QPSK
	2T2R
	ULA low
	TDLC300-100
	random
	10.9
	11
	12

	
	
	17
	16QAM
	2T4R
	ULA medium
	
	
	14.3
	15.2
	16.1



It is important to have a test BD MO over parts of FDRA which do not have any interference when DCI value of 6 is signalled.
Partial FDRA interference cases show good gain of R-ML receiver over E-IRC (1dB or larger) receiver and provide testable SNR for UEs scheduled with high modulation order.
Hence, we see benefit in including option 3 of 1 co-UE with partial FDRA along with option 2.
Include cases of 1 co-UE with partial FDRA and single modulation order (option 3) along with the baseline cases w/o BD MO and with DCI signaling (option 2).

Test setting for the RAN4 agreed network default assumptions
In RAN4#109 following was agreed for the RAN4 network default assumptions [1]:
	Test setting for the RAN4 agreed network default assumptions
· Postpone the discussion on RRC configuration details after RAN2 has finished RRC based assistant signaling design.



In the latest LS to RAN2, the default network assumptions are directly indicated in the dedicated RRC signalling and it is assumed that a UE will only do R-ML in case NW indicate all assumptions are valid. Since R-ML is only to be expected when all assumptions are valid, the test settings shall also be made under the same assumption.
Final RAN4 signaling design will contain dedicated indication on the default assumptions, hence the term default assumption is no longer needed.
Test settings shall be made with same configuration as if all new RRC signalling is indicated to be valid.

MCS Table
In RAN4#109 the topic of target UEs MCS table to be used for defining requirements and the assistant RRC information of maximum MCS table of co-UE was discussed. Following options are suggested in [1]:
	MCS Table
· Proposals on the RRC assistant information configuration on the MCS table:
· For tests without 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
· For tests with 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
· Proposals on MCS Table for the test configuration to the target UE:
· Option 1: The maximum MCS table is 256QAM or 64QAM MCS table, i.e., 1024QAM is not covered
· Option 2: Use MCS Table1
· Option 3: Use maximum 256QAM MCS table




RRC assistant information configuration on the MCS table
UEs not capable of MO BD are expected to use R-ML receiver only when they are signalled the exact MO of co-UEs using DCI value 1 to 5. In case of DCI value 6, the UEs are not expected to use R-ML. Hence, we see no benefit in providing assistant RRC information regarding MCS table of co-UEs to such UEs.
UEs not supporting MO BD are not expected to use R-ML receiver when DCI value 6 is signalled to them.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).
As discussed in [4], if UE capability for maximum MO of interference DMRS ports is introduced with a lower limit of 64QAM then we can signal 64QAM Table. However, if no such capability is agreed upon then 256 QAM table can be signaled based on the agreement that Max MO for UEs supporting MO BD is 256 QAM [1].
If UE capability of Max MO supported for R-ML is agreed upon. It can be a limiting factor for MCS table signalling.
‘256 QAM MCS Table’ shall be used for co-UEs and shall be signalled using RRC based assistant signaling to UEs supporting MO BD (option 1) if UE capability for Max MO is not present. Otherwise MCS table limited to the Maximum MO supported by UE for R-ML receiver shall be signalled.

MCS Table for the test configuration to the target UE
Regarding the MCS table of target UE, since the cases being considered do not go beyond 64QAM we are ok to limit the test configuration to MCS Table 1.
RAN4 shall use MCS Table 1 for target UE to define the test requirements (option 2).

Precoder selection for co-scheduled UE
In RAN4#109 following options were suggested for selecting the precoder for co-UE [1]:
	Precoder selection for co-scheduled UE
· Candidate options:
· Option 1: Only consider orthogonal PMI selection with the target UE
· Option 2: Consider random PMI selection for rank 1+1, and consider orthogonal PMI selection for rank 2+2.
· Use the phase 1 assumptions for simulation result alignment purpose




Paired UEs further away from the base station will most likely not have orthogonal precoders at cell edge 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.
By comparing cases 1,4 with random precoders to corresponding cases 5,6 with orthogonal precoders, it is seen that usage of orthogonal precoders does not give significant gain over usage of random precoders for co-UE in case of rank1+1.
	Case Number
	Co-UE Precoder
	R-ML receiver SNR

	1
	Random
	15.1

	4
	
	12.7

	5
	Orthogonal
	14.4

	7
	
	12.1



Usage of orthogonal precoders across paired UEs cannot always be guaranteed in all deployments when at cell edge. Additionally, our simulations show that using orthogonal precoders does not give significant gain over using random precoders for co-UE in case of rank1+1.
Define tests with random PMI for rank 1+1 and orthogonal PMI for rank 2+2 for REL-18 MU-MIMO advanced receivers (option 2).

Modulation order for the co-scheduled UE
In RAN4#109 the topic of MO of the co-UEs was discussed and following options were suggested [1]:
	Modulation order for the co-scheduled UE
· Candidate options:
· For the test cases without modulation order blind detection:
· For rank 1+1 tests:
· Option 1: QPSK
· Option 2: Cover both QPSK and 16QAM
· Option 3: 16QAM or 64QAM
· For rank 2+2 tests:
· Option 1: 16QAM
· Option 2: QPSK
· Option 3: 64QAM
· For the cases with modulation order blind detection:
· Option 1: Follow test settings from test without modulation order blind detection
· Option 2: Model 1 co-scheduled UEs with QPSK, for both rank 1+1 and rank 2+2 tests
· Option 3: QPSK only
· Option 4: Model 2 co-scheduled UEs with QPSK and 16QAM respectively, for both rank 1+1 and rank 2+2 tests
· Option 5:
·  For rank 1+1: Co-scheduled UE1 with Partial CHBW allocation and QPSK, co-scheduled UE2 with Partial CHBW allocation and 16QAM
· For rank 2+2: Co-scheduled UE1 with Partial CHBW allocation and 16QAM, co-scheduled UE2 with Partial CHBW allocation and 64QAM
· Option 6: 16QAM or 64QAM
· Use the phase 1 parameters for index 1-5 to bring results in next meeting




Results captured in [2] show good gain of R-ML receiver over the E-IRC/IRC receiver for QPSK for co-UE. While using 16 QAM for co-UE good gain is also observed over E-IRC/IRC but the resulting SNR is over 20 dB when medium antenna correlation is used. Hence, we suggest testing using both of these modulation orders for co-UE for cases without MO BD but limit the 16QAM to cases with low antenna correlation.
Our simulations show significant gain (>1 dB) of R-ML receiver without BD MO, over E-IRC/IRC receiver when co-UE is configured with either QPSK or 16 QAM in all rank and antenna configurations.
Our simulations show using MCS17 for target UE and 16QAM for co-UE results in 70% throughput SNR of over 20dB when medium antenna correlation is present.
Define tests QPSK for co-UE when defining rank 1+1 tests (option 1) for UEs without modulation order blind detection.
Define tests with QPSK (option 1) and 16QAM (option 2) for co-UE when defining rank 2+2 tests (option 1) for UEs without modulation order blind detection.
Define tests with low antenna correlation when co-UE is configured with full FDRA, 16QAM.

Furthermore, comparing rank1+1 cases with and without MO BD from [2] it is seen that the performance of both is similar.
Our simulations show that there is insignificant difference in performance of R-ML receiver with and without MO BD for rank 1+1 cases.
For UEs with modulation order blind detection follow test settings from tests without MO BD (option 1) for rank 1+1 cases. Further check if same can be applied for rank2+2 cases.

Detailed test parameters
In RAN4#109 following options were discussed for test parameter configuration for 3 tests with different rank and antenna configurations[1]:
	Detailed test parameters
· Proposals on rank 1+1 tests with 2T2R:
· Option 1
· Target MCS: 13
· MIMO configuration: ULA medium 
· Channel: TDLC300-100
· Option 2
· Target MCS: 13
· MIMO configuration: ULA low
· Channel: TDLC300-100
· Proposals on rank 1+1 tests with 2T4R:
· Option 1
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA Low
· Channel: TDLA30-10
· Option 2 
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA medium
· Channel: TDLC300-100
· Proposals on rank 2+2 tests with 4T4R:
· Option 1
· Target MCS: 17 (Table 1)
· MIMO configuration: ULA Low
· Channel: TDLA30-10
· Option 2
· Target MCS: 13 (Table 1)
· MIMO configuration: XP medium
· Channel: TDLA30-10
· Companies are encouraged to bring simulation results for both options above.




Based on results in [2] it is seen that results captured in Table 2 give testable SNR and substantial gain over E-IRC/IRC receiver. Along with this the partial FDRA cases captured in Table 3 also provide testable SNRs.
[bookmark: _Ref158979484]Table 3 Full FDRA cases providing significant gain (>1dB) over E-IRC receiver and testable SNR (< 20dB)
	Case # without MO BD
	Case# with
MO BD
	Rank  of target and co- UE
	MCS target UE
	Modulation order co- UE
	MIMO
	Antenna correlation
	Channel model
	Precoder Co- UE
	R-ML without MO BD
	R-ML with MO BD
	E-IRC without MO BD

	
	
	
	
	
	
	
	
	
	
	
	

	1
	21
	1+1
	13
	QPSK
	2T2R
	ULA medium
	TDLC300-100
	random
	15.1
	15.2
	22.7

	3
	23
	
	
	
	2T4R
	ULA low
	TDLA30-10
	
	6.9
	6.9
	8.9

	4
	24
	
	
	
	
	ULA medium
	TDLC300-100
	
	12.7
	12.8
	21.1

	8
	34
	
	
	
	4T4R
	XP medium
	TDLA30-10
	Orthogonal
	13.7
	TBA
	20.8

	9
	35
	
	17
	16QAM
	
	ULA low
	
	
	16.4
	TBA
	18



Following test parameters give testable SNR and good gain (>1dB) over E-IRC/IRC receiver for rank 1+1, 2T2R configuration. 
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA medium antenna correlation
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA low antenna correlation, Co-UE partial FDRA

Following test parameters give testable SNR and good gain over E-IRC/IRC receiver for rank 1+1, 2T4R configuration.
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA medium antenna correlation
· MCS13 (target UE), QPSK (co-UE), TDLA30-10 and ULA low antenna correlation

Following test parameters give testable SNR and good gain over E-IRC/IRC receiver for rank 2+2, 4T4R configuration.
· MC17 (target UE), 16QAM (co-UE), TDLA30-10 and ULA low antenna correlation
· MC13 (target UE), QPSK (co-UE), TDLA30-10 and XP medium antenna correlation

Define tests for rank1+1, 2T2R with following configurations.
· TDLC300-100, ULA medium antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively (option 1. cases 1,21).
· TDLC300-100, ULA low antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively, Co-UE Partial FDRA (PRB 0:25)

Define tests for rank1+1, 2T4R with following configurations.
· TDLC300-100, ULA medium antenna correlation, random co-UE precoder with MCS13, QPSK (option 1. cases 4, 24) for target and co-UE respectively.
· TDLA30-10, ULA low antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively (option 2. cases 3,23)).

Define tests for rank2+2,4T4R with following configurations.
· TDLA30-10, ULA low antenna correlation, orthogonal co-UE precoder with MCS17, 16QAM (option 1. Case 8) for target and co-UE respectively.
· TDLA30-10, XP medium antenna correlation with MCS13, QPSK for target and co-UE respectively (option 2. Case 9).

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to Advanced receivers – test parameters.

We have the following observations and proposals:

Test setting for when UE is not indicated Modulation order
1. UEs capable of BD MO should be capable of passing all tests meant for UEs without BD MO support.
1. Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO in case there is insignificant difference (< 0.5 dB) between DCI 1 to 5 requirements and DCI 6 requirements with same modulation order.

Performance of E-IRC receiver with blind detection of co-UEs FDRA and DMRS ports is close to Rel 17 requirements based on MMSE-IRC receiver.
Tests with DCI 6 signaling shall not be applicable to UEs that do not support BD MO with baseline R-ML receiver.

It is important to have a test BD MO over parts of FDRA which do not have any interference when DCI value of 6 is signalled.
Partial FDRA interference cases show good gain of R-ML receiver over E-IRC (1dB or larger) receiver and provide testable SNR for UEs scheduled with high modulation order.
Include cases of 1 co-UE with partial FDRA and single modulation order (option 3) along with the baseline cases w/o BD MO and with DCI signaling (option 2).

Test setting for the RAN4 agreed network default assumptions
Final RAN4 signaling design will contain dedicated indication on the default assumptions, hence the term default assumption is no longer needed.
Test settings shall be made with same configuration as if all new RRC signalling is indicated to be valid.

MCS Table
RRC assistant information configuration on the MCS table
UEs not supporting MO BD are not expected to use R-ML receiver when DCI value 6 is signalled to them.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).

If UE capability of Max MO supported for R-ML is agreed upon. It can be a limiting factor for MCS table signalling.
‘256 QAM MCS Table’ shall be used for co-UEs and shall be signalled using RRC based assistant signaling to UEs supporting MO BD (option 1) if UE capability for Max MO is not present. Otherwise MCS table limited to the Maximum MO supported by UE for R-ML receiver shall be signalled.

MCS Table for the test configuration to the target UE
RAN4 shall use MCS Table 1 for target UE to define the test requirements (option 2).

Precoder selection for co-scheduled UE
Usage of orthogonal precoders across paired UEs cannot always be guaranteed in all deployments when at cell edge. Additionally, our simulations show that using orthogonal precoders does not give significant gain over using random precoders for co-UE in case of rank1+1.
Define tests with random PMI for rank 1+1 and orthogonal PMI for rank 2+2 for REL-18 MU-MIMO advanced receivers (option 2).

Modulation order for the co-scheduled UE
Our simulations show significant gain (>1 dB) of R-ML receiver without BD MO, over E-IRC/IRC receiver when co-UE is configured with either QPSK or 16 QAM in all rank and antenna configurations.
Our simulations show using MCS17 for target UE and 16QAM for co-UE results in 70% throughput SNR of over 20dB when medium antenna correlation is present.
Define tests QPSK for co-UE when defining rank 1+1 tests (option 1) for UEs without modulation order blind detection.
Define tests with QPSK (option 1) and 16QAM (option 2) for co-UE when defining rank 2+2 tests (option 1) for UEs without modulation order blind detection.
Define tests with low antenna correlation when co-UE is configured with full FDRA, 16QAM.

Our simulations show that there is insignificant difference in performance of R-ML receiver with and without MO BD for rank 1+1 cases.
For UEs with modulation order blind detection follow test settings from tests without MO BD (option 1) for rank 1+1 cases. Further check if same can be applied for rank2+2 cases.

Detailed test parameters
Following test parameters give testable SNR and good gain (>1dB) over E-IRC/IRC receiver for rank 1+1, 2T2R configuration. 
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA medium antenna correlation
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA low antenna correlation, Co-UE partial FDRA
Following test parameters give testable SNR and good gain over E-IRC/IRC receiver for rank 1+1, 2T4R configuration.
· MCS13 (target UE), QPSK (co-UE), TDLC300-100 and ULA medium antenna correlation
· MCS13 (target UE), QPSK (co-UE), TDLA30-10 and ULA low antenna correlation
Following test parameters give testable SNR and good gain over E-IRC/IRC receiver for rank 2+2, 4T4R configuration.
· MC17 (target UE), 16QAM (co-UE), TDLA30-10 and ULA low antenna correlation
· MC13 (target UE), QPSK (co-UE), TDLA30-10 and XP medium antenna correlation

Define tests for rank1+1, 2T2R with following configurations.
· TDLC300-100, ULA medium antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively (option 1. cases 1,21).
· TDLC300-100, ULA low antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively, Co-UE Partial FDRA (PRB 0:25)
Define tests for rank1+1, 2T4R with following configurations.
· TDLC300-100, ULA medium antenna correlation, random co-UE precoder with MCS13, QPSK (option 1. cases 4, 24) for target and co-UE respectively.
· TDLA30-10, ULA low antenna correlation, random co-UE precoder with MCS13, QPSK for target and co-UE respectively (option 2. cases 3,23)).
Define tests for rank2+2,4T4R with following configurations.
· TDLA30-10, ULA low antenna correlation, orthogonal co-UE precoder with MCS17, 16QAM (option 1. Case 8) for target and co-UE respectively.
· TDLA30-10, XP medium antenna correlation with MCS13, QPSK for target and co-UE respectively (option 2. Case 9).
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