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[bookmark: _Toc116995841]Introduction
In RAN4#107 the test parameters for the topic of advanced receivers were discussed with the following results:
	The number of co-scheduled UEs
· In the phase I study for the advanced receiver with genie aided knowledge of the required information
· Only consider 1 co-scheduled UE

MCS for the target UE
· MCS 13 for rank 1 and rank 2
· MCS 17 for rank 2
· MCS 4 for rank 1


Modulation order for the co-scheduled UE
· For R-ML, E-IRC and IRC (baseline in Rel-17, for performance comparison purpose)
· For rank 1+1: QPSK
· For rank 2+2: 64QAM
· For rank 2+2: QPSK
· For rank 2+2: 16QAM


PDSCH resource allocation for the target and co-scheduled UE
· In the phase I study for the advanced receiver with genie aided knowledge of the required information
· Only consider the scenario with full FDRA for both target and co-scheduled UEs

Phase I Simulation result collection
· Companies are encouraged to bring phase I simulation results on the agreed cases to the Aug RAN4 meeting
· The updated simulation result collection template will be shared before the Aug RAN4 meeting





[bookmark: _Toc116995842]Discussion
[bookmark: _Ref141974727]Conclusion on Phase I results
In RAN4#107 it was encouraged for companies to bring phase I simulation results on agreed cases. 
	Phase I Simulation result collection
· Companies are encouraged to bring phase I simulation results on the agreed cases to the Aug RAN4 meeting
· The updated simulation result collection template will be shared before the Aug RAN4 meeting




The result collection template has been provided as promised, and we have provided our results in  and  with details captured in our simulation t-doc (see [2]).
Based on our results, we have the following observations and proposals:
For the cases 3,5,6 and 8 which has simulation results from companies in last meeting, we see <2.5dB span. For case 2 the span is >2.5dB. For the remaining cases, no simulation results has been provided in RAN4#107, hence no conclusion can be done yet on the span.
Based on the available results from RAN4#107 + our new updated results, the following can be seen:
· R-ML provides at least the same or better gain compared to E-IRC.
· In addition, R-ML provides substantial gain over E-IRC in cases where the co-scheduled UE is configured with low MO. 
Using R-ML will provide substantial gain compared to E-IRC in cases where the co-scheduled UE is configured with low MO, hence it is viable to define requirements with R-ML receiver.
Based on our results provided in [2] and the results in RAN4 #107 we see that it is feasible to define requirements with R-ML receiver for all cases assuming less than 2.5 dB span can be reached.
From the available results it will be feasible to define requirements based on R-ML receiver for cases 1 to 12
RAN4 to focus on defining requirements with R-ML receiver for the case of 1 co-scheduled UE.
Cases with partial CHBW of co-scheduled UE have lesser gain as compared to case with full CHBW. However, the gain is significant enough to define requirements.
RAN4 to define requirements for cases with partial CHBW FDRA of co-scheduled UE.

FDRA and DMRS port blind detection
Our results for the cases 1 to 8 repeated with blind detection of FDRA and DMRS ports in [2] along with the results for cases 9 to 12 show that blind detection of FDRA has negligible impact on the results as compared to a genie receiver. Even in low SNR the FDRA and DMRS ports can be reliably detected.
Our simulation results show that blind detection of FDRA and DMRS ports have negligible impact on performance compared to a genie receiver.
RAN4 shall include FDRA and DMRS ports blind detection in simulation alignment for definition of the requirements for 1 co-scheduled UE.





Table 1 – Summary of Receiver performance with genie-aided knowledge (Cases 1-8).
	Case
	# Co-Sch UE*
	Rank target UE
	Rank Co-Sch UE

	MCS Target UE
	MO* Co-Sch UE1
	MIMO
	Channel model
	FDRA allocation of Co-scheduled UE
	Precoder Co-Sch 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
	MMSE-IRC (baseline)
	
	
	

	1
	1

	1

	1

	MCS4
	QPSK

	2Tx 2Rx ULA medium

	TDLC300-100
	Full CHBW
(52 PBRs)
	random

	5.4
	7.5
	12.7
	7.3
	5.2
	2.1

	2
	
	
	
	MCS13
	
	
	
	
	
	14.2
	22.5
	25.7
	11.5
	3.2
	8.3

	3
	
	2

	2

	
	64QAM
	4Tx 4Rx ULA low
	TDLA30-10
	
	orthogonal
	12.5
	13.2
	14.2
	1.5
	1
	0.5

	4
	
	
	
	
	16QAM
	
	
	
	
	12.1
	13.2
	14.2
	2.1
	1
	1.1

	5
	
	
	
	
	QPSK
	
	
	
	
	10
	13.2
	14.2
	4.2
	1
	3.2

	6
	
	
	
	MCS17
	64QAM
	
	
	
	
	18
	17.5
	18.3
	0.3
	0.8
	-0.5

	7
	
	
	
	
	16QAM
	
	
	
	
	15.4
	17.4
	18.3
	2.7
	0.9
	1.8

	8
	
	
	
	
	QPSK
	
	
	
	
	12.9
	17.5
	18.3
	5.4
	0.8
	4.6

	Note1: All tests consider the use of MCS index Table 1.
Note2: Cases 1-8 assume genie knowledge of all information. 
Note*: Co-scheduled UE (Co-Sch UE) and Modulation order (MO).



Table 2 – Summary of receiver performance with blind parameter detection (Cases 9-12).
	Case
	# Co-Sch UE*
	Rank target UE
	Rank Co-Sch UE

	MCS Target UE
	MO* Co-Sch UE1
	MIMO
	Channel model
	FDRA allocation of Co-scheduled UE
	Precoder Co-Sch UE
	Nokia

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

	
	
	
	
	
	
	
	
	
	
	R-ML BD
	
E-IRC BD
	MMSE-IRC Baseline
	
	
	

	9
	1
	1
	1
	MCS13
	QPSK 

	2Tx 2Rx ULA medium

	TDLC300-100
	Full CHBW
(52 PBRs)
	random

	14.2
	22.5
	25.7
	11.5
	3.2
	7.8

	10
	
	
	
	
	
	
	
	Partial CHBW
(0~25 PBRs)
	
	12.4
	14.7
	17.6
	5.2
	2.9
	2.3

	11
	1
	2
	2
	
	64QAM 
	4Tx 4Rx ULA low
	TDLA30-10
	Full CHBW
(52 PBRs)
	orthogonal
	12.5
	13.2
	14.2
	1.7
	1
	0.7

	12
	
	
	
	
	
	
	
	Partial CHBW
(0~25 PBRs)
	
	10.3
	10.4
	11.1
	0.8
	0.7
	0.1

	Note1: All tests consider the use of MCS index Table 1.
Note2: Cases 9-12 consider blind detection of co-scheduled UEs FDRA, DMRS ports. 
Note*: Co-scheduled UE (Co-Sch UE) and Modulation order (MO).



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

[bookmark: _Toc116995849]In the paper, the following Observations and Proposals were made: 

Conclusion on Phase I results
1. For the cases 3,5,6 and 8 which has simulation results from companies in last meeting, we see <2.5dB span. For case 2 the span is >2.5dB. For the remaining cases, no simulation results has been provided in RAN4#107, hence no conclusion can be done yet on the span.
1. Using R-ML will provide substantial gain compared to E-IRC in cases where the co-scheduled UE is configured with low MO, hence it is viable to define requirements with R-ML receiver.
From the available results it will be feasible to define requirements based on R-ML receiver for cases 1 to 12
1. RAN4 to focus on defining requirements with R-ML receiver for the case of 1 co-scheduled UE.
Cases with partial CHBW of co-scheduled UE have lesser gain as compared to case with full CHBW. However, the gain is significant enough to define requirements.
RAN4 to define requirements for cases with partial CHBW FDRA of co-scheduled UE.

FDRA and DMRS port blind detection
Our simulation results show that blind detection of FDRA and DMRS ports have negligible impact on performance compared to a genie receiver.
RAN4 shall include FDRA and DMRS ports blind detection in simulation alignment for definition of the requirements for 1 co-scheduled UE.
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