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[bookmark: _Toc116995841]Introduction
RAN4#106 was the first meeting handling the WID of advanced receiver for MU-MIMO scenario. 
The following main agreements were made in RAN4#106 [1] for facilitating companies to provide simulation results for Phase I:

	Issue 2-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
· Agreement on ‘rank number for target UE + rank number for co-scheduled UE’:
· 2Rx UE: 1+1
· 4Rx UE: 2+2 and 1+3 
[…]

Issue 2-4: DMRS port configurations for the target and co-scheduled UEs
· Use different CDM groups for:
· rank 2 (DMRS port 0, 1) + 2 (DMRS port 2, 3)
· rank 1 (DMRS port 3) +3 (port 0, 1, 2)
· rank 1 (DMRS port 0 for target UE) +1 (port 1) +1 (port 2)
· Use the same CDM group for rank 1+1
[…]

Issue 2-8: Antenna configuration
· For initial simulation in Phase I
· For rank 1+1: cover 2T2R
· For rank 2+2, rank 1+3, rank 1+1+1: 4T4R

[…]

Issue 2-9: Channel model
· For initial simulation assumptions:
· Use TDLC300-100 when the rank of the target UE is 1
· Use TDLA30-10 and TDLC300-100 when the rank of the target UE is 2
· The assumption can be updated later based on available results.

[…]

Issue 2-10: Antenna correlation
· For initial simulation in Phase I only:
· Rank 1+1: ULA medium
· Rank 1+1+1: ULA medium A, XPL medium
· Rank 2+2, 1+3: ULA Low
· The assumptions can be updated later based on available results

[…]
Issue 2-12: Precoder selection target and co-scheduled UEs
· Single panel Type 1
· Random PMI selection for the target UE
· Cover both orthogonal and random PMI selection (same as Rel-17 approach) for the co-scheduled UE in phase I
· The assumption can be updated later base on the available results. 

[…]

Issue 2-13: QCL assumptions 
· Assume all scheduled DMRS ports have same QCL assumptions

[…]

Issue 2-15: Evaluation metric
· The SNR @ %70 of maximum throughput as the phase I evaluation metric and use the MMSE-IRC receiver as the baseline
[…]

Issue 2-16: Other parameters and assumptions
· Reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.






Interference modelling and simulation assumptions for Phase I
Table 1 provides an overview of the already agreed simulation assumptions for Phase I taken from the WF [1]:
[bookmark: _Ref129608381]Table 1: Agreed simulation assumptions for Phase I
	Reference receiver assumption for E-MMSE-IRC
	
,
 .


	Reference receiver for phase I simulation
	Consider both R-ML and E-IRC in initial evaluation stage

	Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
	2Rx UE: 1+1
4Rx UE: 2+2 and 1+3

	DMRS port configurations for the target and co-scheduled UEs
	· Use different CDM groups for:
· rank 2 (DMRS port 0, 1) + 2 (DMRS port 2, 3)
· rank 1 (DMRS port 3) +3 (port 0, 1, 2)
· rank 1 (DMRS port 0 for target UE) +1 (port 1) +1 (port 2)
· Use the same CDM group for rank 1+1


	Antenna configuration
	For rank 1+1: cover 2T2R
For rank 2+2, rank 1+3, rank 1+1+1: 4T4R

	Channel model
	Use TDLC300-100 when the rank of the target UE is 1
Use TDLA30-10 and TDLC300-100 when the rank of the target UE is 2

	Antenna correlation
	Rank 1+1: ULA medium
Rank 1+1+1: ULA medium A, XPL medium
Rank 2+2, 1+3: ULA Low

	Precoder selection target and co-scheduled UEs
	Single panel Type 1
Random PMI selection for the target UE
Cover both orthogonal and random PMI selection (same as Rel-17 approach) for the co-scheduled UE in phase I

	QCL assumptions
	Assume all scheduled DMRS ports have same QCL assumptions

	Evaluation metric
	Reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.

	The number of co-scheduled UEs
	At least 1 co-scheduled UE

	DMRS sequence for the co-scheduled UE
	For initial simulation in phase I, assume the scrambling ID for DMRS sequence is the same for the target UE the co-scheduled UE(s)

	MCS for the target UE
	MCS 13 for rank 1 and rank 2 for initial simulation

	Modulation order for the co-scheduled UE
	For rank 1+1: QPSK (high priority for the next meeting)
For rank 2+2: 64QAM (high priority for the next meeting)
For rank 2+2: QPSK (high priority for the next meeting)

	PDSCH resource allocation for the target and co-scheduled UE
	Maximum transmission bandwidth configuration for all UEs.
Full OFDM symbol allocation

	Assumptions on the required information
	Assume the needed parameters of the co-scheduled UE are all known to UE (upper bound for the potential performance gain).

	MCS
	Table 1



Relevant use cases
We see the following use-cases from the analysis of the high priority simulations to be covered by requirements:
· Coverage enhancement
· Precoders are configured as random to model more closely the MRT approach optimising energy to UE and MCS is low as we are at cell edge. The added interference will not have high impact in this case and it’s cancellation is less important, as we are noise constrained.
· Maximum coverage: Low MCS for both target and co-scheduled UEs.
· Spectral efficiency enhancement
· Precoders configured as orthogonal to minimise interference as for these cases we are interference constrained.
· Maximum cell throughput: High MCS for both target and co-scheduled UEs.

The number of co-scheduled UEs
In RAN4#106 it was brought up, if more than 1 co-scheduled UE should be considered for requirement definition [1]:
	Issue 2-1: The number of co-scheduled UEs
· For initial evaluation stage 
· At least 1 co-scheduled UE 
· FFS whether more than 1 co-scheduled UE need to be considered, interested companies are encouraged to bring analysis and evaluation results



Initially we see 1 co-scheduled UE to be the most important case for simulation alignments, hence focus should be on 1 co-scheduled UE for now.
Based on this, we have provided simulation results for 1 co-scheduled UE, however if there is considerable interest from companies to provide simulation results for more than 1 co-scheduled UE, we are open to discuss this in coming meetings.
We have provided simulation results for 1 co-scheduled UE initially according to the agreed high priority cases, which can be used for alignment.
Delay decision to support more than 1 co-scheduled UE FFS until alignment is done for 1 co-scheduled UE, or the usage of more layers for co-scheduled UEs instead of more UEs has been decided.

Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
In RAN4#106 it was discussed what rank allocation to use for the target and co-scheduled UEs in case 2 co-schedule UEs are used [1]:
	Issue 2-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
· Proposals on ‘rank number for target UE + rank number for the 1st co-scheduled UEs + rank number for the 2nd co-scheduled UEs’:
· Option 1: Rank 1+1+1
· Agreement:
· Option 1 for interested companies to bring evaluation results in initial study stage




At this point in time, we have not provided simulation results for 2 co-scheduled UEs as we see the first priority is to have simulation alignment with 1 co-scheduled UE. We are open to discuss further the configuration in case 2 co-scheduled UEs have sufficient interest from companies.

DMRS sequence for the co-scheduled UE
In RAN4#106 it was agreed to assume the same scrambling ID for DMRS sequence is the same for target UE and co-scheduled UE(s), however it was kept open, if this assumption is always valid [1].
	[bookmark: _Hlk128609640]Issue 2-5: DMRS sequence for the co-scheduled UE
· For initial simulation in phase I, assume the scrambling ID for DMRS sequence is the same for the target UE the co-scheduled UE(s), while whether this assumption is always valid is to be discussed separately. 
 



In our simulation results [2], we have assumed the scrambling ID for DMRS sequence is the same for target and co-scheduled UE. We see this assumption to hold in most common deployments for users served in the same cell, hence do not at this point see the need to change the assumption.
Using same scrambling ID for DMRS sequence is the most common deployment, hence this assumption can be kept.

MCS for the target UE
In RAN4#106 it was agreed to cover MCS13 for rank 1 and 2 for the initial simulations [1] and to further discuss to cover MCS4 for rank 1 and MCS19 for rank2.
	Issue 2-6: MCS for the target UE
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Further discuss whether to cover MCS 4 for rank 1 and MCS 19 for rank 2 in the next meeting
· The assumption can be updated later based on available results.



In our simulation contribution [2] we have provided our simulation results for target UE with MCS13 (rank 1 and 2). Additionally, we have included some exploratory results for different target UE MCS.
MCS 13
Based on our simulations, we see it feasible to define requirements for the agreed MCS13 for both rank 1 and rank 2 for target UE.
Define requirements rank 1 and rank 2 with MCS13 for target UE.

In addition, we have done simulations for MCS 4 and MCS19 which leads us to the following for MCS19 and MCS4:
MCS 19
We see the use-case of maximum cell throughput as an important use-case. This would require high MCS for both target and co-scheduled UEs. For this case using MCS19 for target UE + 64QAM for interference UE would provide a valid setup as shown in our simulation results in our simulation contribution [2]. 
In this use case (high MO, orthogonal precoders) the performance of E-IRC is already near optimal.
It is feasible and meaningful to define minimum performance requirements which covers the use-case of maximum cell throughput.
Define requirement for rank 2 with MCS19 for target UE preferable with 64 QAM co-scheduled UE.
MCS4
In addition, we see the use-case of best coverage as an important use-case. This would require low MCS for both target and co-scheduled UEs. For this case using MCS4 for target UE + QPSK for co-scheduled UE would provide a valid setup as shown in our simulation results in our simulation contribution [2].
In this use case (low MO, random/MRT precoding) good performance requires the use of R-ML.
It is feasible and meaningful to define requirements which covers the use-case of best coverage.
Define requirement for rank 1 with MCS4 for target UE preferably with PQSK co-scheduled UE.

Modulation order for the co-scheduled UE, receiver type and channel
In RAN4#106 the following configurations was agreed for performance comparison [1]:
	Issue 2-7: Modulation order for the co-scheduled UE
· For R-ML, E-IRC and IRC (baseline in Rel-17, for performance comparison purpose) for initial simulation
· For rank 1+1: QPSK (high priority for the next meeting)
· For rank 2+2: 64QAM (high priority for the next meeting)
· For rank 2+2: QPSK (high priority for the next meeting)
· For rank 1+3: 16QAM (high priority for the May meeting)
· For rank 1+1 (64QAM) +1 (QPSK) (lower priority)
· For rank 1+1 (64QAM) +1 (16QAM) (lowest priority)
· Other options on the modulation order for co-scheduled UE are not precluded.
· These assumptions can be updated in the next meeting based on available simulation results.



We have provided simulation results for the high priority cases in our simulation contribution [2]. The simulation results are provided with both random and orthogonal precoder. Each simulation is done with MMSE-IRC as reference for E-MMSE-IRC and R-ML. For all simulation results it is assumed that the UE is aware of all required information about the configuration of the co-scheduled UE.
Coverage – co-scheduled UE is at cell edge
Here we should focus on the following configuration: 2Tx 2Rx with QPSK for co-scheduled UE for cell edge and random precoders to increase received power at the UE. In this configuration R-ML largely outperforms E-IRC.
Considering the performance gain of R-ML over E-IRC especially in random precoding scenarios and with low modulation order interference it is clear that R-ML requirements are needed to ensure practical deployment gains of this demodulation performance advantage.
Define requirements for rank 1+1 with QPSK for co-scheduled UE, random precoder, TDLC300-100 and R-ML.
Spectral efficiency enhancements – Inter layer Inter UE interference
Here we focus a scenario with Inter Layer Inter UE interference with the configuration 4Tx 4Rx with both QPSK and 64QAM for co-scheduled UE. This configuration is related to spectral efficiency enhancements, hence enhanced throughput. The scenario is not related directly to maximum cell throughput, but more the average scenario to enhance general throughput with different interference modulation orders to a target UE positioned in middle range modulation order (i.e., MCS13). In this setup we assume high SNR values, and the expected NW configuration would be using orthogonal precoder.
In our simulations we do not see the used channel model to provide significant differences in SNR levels (see section 2.9), hence we do not see the selection of the channel model as critical. It could however be good for diversity to define at least one requirement for each channel model (TDLA30-75 and TDLC300-100).
Define requirements for rank 2+2 with QPSK and 64QAM for co-scheduled UE, orthogonal precoder and R-ML. Define at least one requirement for each proposed channel model (TDLA30-75 and TDLC300-100).

PDSCH resource allocation for the target and co-scheduled UE
In RAN4#106 the PDSCH resource allocation for the target and co-scheduled UE was discussed and two scenarios were defined [1]:
	Issue 2-11: PDSCH resource allocation for the target and co-scheduled UE
· For initial simulation in phase I, cover scenario 1, further discuss whether to cover scenario 2 in the next meeting
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.



Our simulation results are based on scenario 1 as agreed for initial simulation in Phase I. We do see validity in scenario 2 in practical deployment, so further analysis of scenario 2 is in our view needed if time permits.
We see the configuration of Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs as possible in practical deployed networks.
RAN4 to cover “Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.” in phase I.

Assumptions on the required information
In RAN4#106 it was agreed to do initial simulations assuming the needed parameters of the co-scheduled UE are all known to the UE and further discuss how to obtain the needed parameters [1].
	Issue 2-14: Assumptions on the required information
· For initial simulation in Phase I, assume the needed parameters of the co-scheduled UE are all known to UE, which is the upper bound for the potential performance gain.
· Meanwhile, discuss in parallel on the potential ways of obtaining each of the needed parameters as in Sub-topic 3 in Phase I.





Our simulation results provided in [2] has been done according to above agreement. The discussion into how the UE will obtain the needed parameters are covered in our contribution [3].

[bookmark: _Ref131694590]Collection of phase I simulation results
In RAN4#106 it was encouraged to provide the initial phase I simulation results for the next meeting [1]:
	Issue 2-17: Collection of phase I simulation results
· Companies are encouraged to provide the initial phase I simulation results for the next meeting.
· The draft simulation result collection template will be shared offline before the next meeting.




We have provided our simulation results in [2]. This also includes a section with our results based on the offline provided template:
	Case 
	# Co-scheduled UE 
	Rank target UE
	Rank co-scheduled UE
	Modulation order co-scheduled UE
	

MIMO
	
Channel model
	Precoder selection for the Co-scheduled UE
	Nokia

	
	
	
	
	
	
	
	
	SNR@70%maxTP (dB)
	Gain of R-ML
	Gain of E-IRC
	Gain of R-ML over E-IRC

	
	
	
	
	
	
	
	
	R-ML
	E-IRC
	IRC (baseline)
	
	
	

	1
	







1
	

1
	
1
	QPSK
	2Tx 2Rx ULA medium
	



TDLC300-100
	orthogonal
	10.70
	16.56
	19.43
	8.73
	2.86
	5.87

	2
	
	
	
	
	
	
	random
	11.27
	19.49
	22.96
	11.69
	3.46
	8.22

	3
	
	
	3
	16QAM
	





4Tx 4Rx ULA Low
	
	orthogonal
	
	
	
	
	
	

	4
	
	
	
	
	
	
	random
	
	
	
	
	
	

	5
	
	




2
	




2
	64QAM
	
	
	orthogonal
	10.43
	10.85
	13.60
	3.17
	2.75
	0.42

	6
	
	
	
	
	
	
	random
	14.11
	14.66
	N/A
	-
	-
	0.55

	7
	
	
	
	QPSK
	
	
	orthogonal
	7.76
	10.86
	13.59
	5.82
	2.72
	3.10

	8
	
	
	
	
	
	
	random
	9.56
	14.99
	N/A
	-
	-
	5.43

	9
	
	
	
	64QAM
	
	

TDLA30-10
	orthogonal
	9.61
	10.24
	11.84
	2.23
	1.61
	0.63

	10
	
	
	
	
	
	
	random
	13.25
	14.21
	17.69
	4.43
	3.47
	0.96

	11
	
	
	
	QPSK
	
	
	orthogonal
	6.97
	10.24
	11.83
	4.86
	1.59
	3.27

	12
	
	
	
	
	
	
	random
	8.71
	14.72
	18.36
	9.65
	3.64
	6.00

	Note1: Case 3 and Case 4 (empty grey fields) pertain to the Rank 1+3 simulations which are planned to be presented in the next coming meetings.
Note2: N/A expresses the cases where a receiver is not able to reach 70% of the max throughput.  



We have the following generic observations based on our simulation results:
For all cases, enhanced receivers (R-ML and E-MMSE-IRC) significantly outperform baseline MMSE-IRC receiver.
R-ML gains outperform E-MMSE-IRC gains when interferer modulation order is low. R-ML gains does not significantly outperform E-MMSE-IRC gains in use-cases where interferer modulation order is high.
R-ML gains outperform E-MMSE-IRC gains in spectral efficiency enhancement use-case where interferer modulation order is low
R-ML gains does not significantly outperform E-MMSE-IRC gains in spectral use-case where interferer modulation order is high.
<1dB difference is seen when comparing results with similar configuration using TDLC300-100 and TDLA30-10.

[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's views on various open issues with relation to test parameters.
In the paper, the following Observations and Proposals were made:
The number of co-scheduled UEs
1. We have provided simulation results for 1 co-scheduled UE initially according to the agreed high priority cases, which can be used for alignment.
1. Delay decision to support more than 1 co-scheduled UE FFS until alignment is done for 1 co-scheduled UE, or the usage of more layers for co-scheduled UEs instead of more UEs has been decided.

DMRS sequence for the co-scheduled UE
Using same scrambling ID for DMRS sequence is the most common deployment, hence this assumption can be kept.

MCS for the target UE
Based on our simulations, we see it feasible to define requirements for the agreed MCS13 for both rank 1 and rank 2 for target UE.
Define requirements rank 1 and rank 2 with MCS13 for target UE.

It is feasible and meaningful to define minimum performance requirements which covers the use-case of maximum cell throughput.
Define requirement for rank 2 with MCS19 for target UE preferable with 64 QAM co-scheduled UE.

It is feasible and meaningful to define requirements which covers the use-case of best coverage.
Define requirement for rank 1 with MCS4 for target UE preferably with PQSK co-scheduled UE.

Modulation order for the co-scheduled UE, receiver type and channel
Considering the performance gain of R-ML over E-IRC especially in random precoding scenarios and with low modulation order interference it is clear that R-ML requirements are needed to ensure practical deployment gains of this demodulation performance advantage.
Define requirements for rank 1+1 with QPSK for co-scheduled UE, random precoder, TDLC300-100 and R-ML.
Define requirements for rank 2+2 with QPSK and 64QAM for co-scheduled UE, orthogonal precoder and R-ML. Define at least one requirement for each proposed channel model (TDLA30-75 and TDLC300-100).

PDSCH resource allocation for the target and co-scheduled UE
We see the configuration of Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs as possible in practical deployed networks.
RAN4 to cover “Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.” in phase I.

Collection of phase I simulation results
For all cases, enhanced receivers (R-ML and E-MMSE-IRC) significantly outperform baseline MMSE-IRC receiver.
R-ML gains outperform E-MMSE-IRC gains when interferer modulation order is low. R-ML gains does not significantly outperform E-MMSE-IRC gains in use-cases where interferer modulation order is high.
R-ML gains outperform E-MMSE-IRC gains in spectral efficiency enhancement use-case where interferer modulation order is low
R-ML gains does not significantly outperform E-MMSE-IRC gains in spectral use-case where interferer modulation order is high.
<1dB difference is seen when comparing results with similar configuration using TDLC300-100 and TDLA30-10.
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