[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108 	R4-2311737
Toulouse, France, August 21-25, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	On Advanced Receivers – Receiver assumption 
Agenda item:	8.18.1.1
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
In the last RAN4 #107 meeting several agreements were made regarding receiver assumptions for the advanced receiver for MU-MIMO. Some interference parameters were agreed to be signaled while for some others default RAN4 values were assumed, and some were to be blindly detected by target UE [1].
For the co-scheduled UEs modulation order it was agreed that a 3 bits field should be added to DCI scheduling PDSCH and LS to RAN1 was sent describing these new bits [2].
In this document we discuss the remaining open topics concerning advanced receiver assumptions and present our views regarding the same.
Assumptions for the advanced receiver for MU-MIMO
Reference receiver
In RAN4#107 the decision of receiver assumption was kept open for further discussion (see WF [1]):
	Reference receiver
Candidate options:
· Option 1: Down select to R-ML as the reference receiver
· Option 2: Make decision later
· Option 3: Keep open in case requirements are to be defined for up to 4 total layers and with high modulation orders




At the end of RAN4#107 there were no finalized alignment yet on all the simulation results from companies, hence it was decided to postpone the decision on the reference receiver to later. As there will be no updates on simulation results until RAN4#108, we do not see any changes to the alignment.
In addition, it has not yet been decided if requirements are to be made based on blind detection, where the performance of blind detection in some cases might not be good enough for R-ML compared to E-IRC.
Based on the already provided results from companies in RAN4#107 we have the following observations and proposals:
Current results from cases 1 to 8 shows R-ML as better receiver as compared to E-IRC.
Results for cases 9-16 with blind detection of parameters are not yet available from all companies and will be required to make final decision on reference receiver for these usecases.
For cases 1 to 8 use R-ML as reference receiver for requirement definition.
Keep the decision on reference receiver open for cases 9 to 16 until we have aligned simulation results.

The modulation order information of the co-scheduled UE (Only required for R-ML)
In RAN4#107 a study of the case as shown below was suggested which involves 2 co-scheduled UEs. This is referred to as case 16 in this document.
	The modulation order information of the co-scheduled UE (Only required for R-ML)
On the evaluation assumption of modulation order blind detection
· It’s encouraged interested companies to further evaluate following case:
· Also evaluate the following case with more than 1 co-scheduled UEs:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
Additional RRC-based network assistant signaling:
· Introduce RRC signaling to discriminate MCS table with 256QAM or 1024 QAM enable or not for co-scheduled UEs (optional)
Candidate options on the additional assumptions to the R-ML receiver:
· [bookmark: _Hlk135331135]Proposal 1: The total number of layers for target and co-scheduled UE are no more than 4
· Proposal 2: Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1




It is to be noted that in the case where co-UE1 has a different MO as compared to co-UE2 the exact MO of each co-UE cannot be signaled to the target UE using the agreed additional DCI bits in [2]. 
The exact modulation order of each co-UE cannot be signaled to the target UE using the agreed DCI bits when it is a case of 2 co-UEs using different modulation orders.

A similar but slightly different case is:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 4T4R, TDLA30-10, random precoding, DMRS port 1000
· Co-UE1: Full CHBW allocation (0~51 PRBs) with QPSK rank 1, DMRS port 1001
· Co-UE2: Full CHBW allocation (0~51 PRBs) with 16QAM rank 1, DMRS port 1002
In this case the 2 co-UE are allocated Full CHBW but different DMRS ports, i.e., spatially multiplexed, and in this case also exact MO cannot be signaled using agreed DCI bits. We refer to this as case [17] in this document as well as in [4].
In both cases 16 and [17] target UE needs to blindly detect –
· Presence of 2 co-UEs and their respective FDRA, DMRS ports.
· Modulation order of each UE if R-ML receiver is to be used.

Target UE needs to detect presence of 2 co-UEs and then detect their respective FDRA, DMRS ports in the case of 2 co-UEs. In case of different modulation order for the two co-UEs, the target UE must blindly detect the modulation order for each co-UE when using R-ML receiver.

Gain of introducing aid in form of ZP-CSI-RS 
Our studies documented in [3] show that even with 1 co-UE having full CHBW allocation, 90% of max throughput cannot always be guaranteed in some cases with R-ML receiver which relies on blind detection of MO. With 2 co-UEs similar trend is observed with our study results which are captured in [4]  for cases with 2 co-UEs.
[bookmark: _Ref142635118][bookmark: _Ref141961260]Table 1 – Summary of receiver performance with blind parameter detection (Cases 13-15).
	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 BD
	
Gain of E-IRC
	Gain of Aided BD R-ML

	
	
	
	
	
	
	
	
	
	
	R-ML BD
	Aided BD3 R-ML
	
E-IRC BD
	MMSE-IRC Baseline
	
	
	

	13
	1
	1
	1
	MCS13
	QPSK

	2Tx 2Rx ULA medium

	TDLC300-100
	Full CHBW
(52 PBRs)
	random

	21.3
	18.4
	22.4
	25.7
	4.4
	3.3
	7.3

	14
	1
	2
	2
	MCS17
	16QAM
	4Tx 4Rx ULA low
	TDLA30-10
	
	orthogonal
	 TBA
	TBA
	17.3
	18.1
	TBA 
	0.8
	TBA

	15
	1
	1
	1
	MCS13
	16QAM

	2Tx 2Rx ULA medium

	TDLC300-100
	
	random

	19.6
	14.6
	22.5
	25.6
	6
	3.1
	11

	Note1: All tests consider the use of MCS index Table 1.
Note2: Cases 13-15 consider blind detection of co-scheduled UEs FDRA, DMRS ports for all receivers and blind detection of modulation order of co-scheduled UE for R-ML receiver.
Note3: Aided BD R-ML relies on ZP-CSI-RS being scheduled in MU-MIMO slot for blind detection of modulation order.
Note*: Co-scheduled UE (Co-Sch UE) and Modulation order (MO).



[bookmark: _Ref142648756]Table 2 – Summary of receiver performance with blind parameter detection (Cases 16, Case [17]).
	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)
	
Gap Genie to R-ML BD
	
Gap Genie to R-ML Aided BD

	
	
	
	
	
	
	
	
	
	
	Genie
R-ML
	R-ML BD
	
R-ML Aided BD3
	
	

	16
	2
	1
	1 for each co-UE
	MCS13
	Co-UE1: QPSK
Co-UE2: 16QAM

	2Tx 2Rx ULA medium

	TDLC300-100
	Co-UE1: 0~25 PRBs
Co-UE2: 26~51 PRBs
	random

	TBA
	TBA
	TBA
	TBA
	TBA

	[17]
	2
	2
	Co-UE1: 1 on port 1002
Co-UE2: 1 on port 1003
	MCS13
	Co-UE1: QPSK
Co-UE2: 16QAM
	4Tx4Rx ULA Low
	TDLA30-10
	Full CHBW
(52 PRBs)
	random
	12.6
	17.2
	12.8
	4.6
	0.2

	Note1: All tests consider the use of MCS index Table 1.
Note2: All cases consider blind detection of the co-scheduled UEs FDRA, DMRS port allocation as well as modulation order.
Note3: Aided BD R-ML relies on ZP-CSI-RS being scheduled in MU-MIMO slot for blind detection of modulation order.
Note*: Co-scheduled UE (Co-Sch UE) and Modulation order (MO).



[3] and [4] also captures results with ZP-CSI-RS scheduled for aiding MO detection. Results for cases 13 to 15 from [3] are captured in Table 1 while results for cases 16 and [17] from [4] are in  Table 2. It is seen that ZP-CSI-RS helps the target UE to determine modulation order of the co-UEs and thereby close the performance gap to genie receiver.
ZP-CSI-RS in MU-MIMO slot helps target UE to detect modulation order of co-UEs and thereby close the gap between genie R-ML receiver performance and aided blind detection R-ML receiver performance.
In order to facilitate better detection of MO with 2 co-UEs aid in the form of ZP-CSI-RS can be scheduled as was also proposed in [5]  in RAN4#107. However, instead of a special ZP-CSI-RS which repeats every MU-MIMO slot we propose to utilize aperiodic triggering of ZP-CSI-RS in order to avoid any changes to RAN1 specification. 
Evaluate case of 2 co-scheduled UEs as proposed in WF [1] with following ZP-CSI-RS configuration:
a. Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs frequency multiplexed
i. Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
ii. Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
b. Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 4T4R, TDLA30-10, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs spatially multiplexed.
i. Co-UE1: Full CHBW allocation (0~51 PRBs) with QPSK rank 1, DMRS port 1001
ii. Co-UE2: Full CHBW allocation (0~51 PRBs) with 16QAM rank 1, DMRS port 1002

Furthermore, concerning the original scenario agreed for evaluation we have some preliminary evaluation that indicate that such a scenario might not be sufficiently performing, i.e., <10% BLER cannot be reached, without any additional MO detection help. Additional results are expected to become available during the meeting. Thus, we propose:
RAN4 to analyze 2 co-UE with different MO and FDRA results in RAN4#108, and declare the scenarios infeasible, if contributors cannot reach <10%BLER. Consider additional/alternative approaches to aid of BD in such a scenario.
Considering the additional assumptions to the R-ML receiver about number of layers and DMRS configuration we agree that the proposed options to limit the number of target and co-scheduled UE layers to 4 with DMRS Type 1 and max length of 1 OFDM symbol for R-ML receiver are feasible in terms of complexity and performance gain.
RAN4 to limit the number of target and co-scheduled UE layers to 4 with DMRS Type 1 and max length of 1 OFDM symbol for R-ML receiver.
Other required information of the co-scheduled UE for both R-ML and E-IRC
In RAN4#107 a RRC signaling was discussed with the following outcome (see WF [1]):
	Other required information of the co-scheduled UE for both R-ML and E-IRC

	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid
	Way forward on the signalling details if introduced

	The DMRS port information for the co-scheduled UE
	N/A (Obtained by UE blind detection)
	N/A
	FFS whether additional RRC based assistant signalling can be considered.

	PRB bundling size for the co-scheduled UE
Frequency domain resource allocation for the co-UE within each PRG of the target UE
	[bookmark: _Hlk142418251]UE assume in each its PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4.
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	DMRS power boosting for the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	[bookmark: _Hlk142417996]Time domain resource allocation information of the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	Frequency domain resource allocation for the co-UE across different PRGs of the target UE:
	N/A (Obtained by UE blind detection)
	N/A
	No signalling on frequency domain resource allocation information.

	CSI-RS location of co-scheduled UE (Only required for R-ML)
	UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
	Down-select to one of the below options in the next meeting:
Option 1: No RRC signalling is needed
Option 2: 1-bit RRC signaling
	







The DMRS port information for the co-scheduled UE
On the topic of DRMS port information for the co-scheduled UE, the following is still open on signalling:
	FFS whether additional RRC based assistant signalling can be considered.
It is our understanding that the UE will be capable of detecting the DRMS port information of the co-scheduled UE with high level of precision. Based on this, we do not see any need to introduce additional RRC signalling regarding the DMRS port information of the co-scheduled UE.
UE can detect the DMRS port information of the co-scheduled UE with high level of precision in case of Type 1 DMRS with max length of 1 OFDM symbol.
Do not introduce additional RRC signalling for DMRS port information of the co-scheduled UE in case of up to 4 layers.

Separate UE capability corresponding to dedicated RRC signalling
In RAN4#107 a number of dedicated RRC signalling information were agreed which would invalidate specific default assumptions regarding the network configuration. It was however still open, if UE capability signalling should be defined for each of the possible invalidation signals. 
In case the network utilizes the option to indicate if one or more of the default assumptions are not valid, it will be highly useful for the network to know the capabilities of the UEs which are capable of MU-MIMO and might be relevant to be scheduled for MU-MIMO. Especially if there are situations where the network needs to invalidate one or more default assumptions, know if a more advanced UE can maintain good performance even without the default assumptions being true, can be highly useful for the network scheduler.
If no UE capabilities are defined, the NW will not know what to expect from a UE in case the NW invalidates one or more default assumption(s).
It will be highly useful for the network to know, if a UE has capability to still maintain good performance if one or more default assumptions are invalidated.
Introduce individual UE capabilities corresponding to the dedicated RRC signalling of:
- PRB bundling size for the co-scheduled UE Frequency domain resource allocation for the co-UE within each PRG of the target UE
- DMRS power boosting for the co-scheduled UE
- Time domain resource allocation information of the co-scheduled UE

CSI-RS location of co-scheduled UE (Only required for R-ML)
When the target UE is performing R-ML it will be relevant to know, if the CSI-RS location of the co-scheduled UE is overlapped with PDSCH of the target UE. In RAN4#107 it was agreed to have the following default assumption: “UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE” however it was still not decided if optional dedicated RRC signalling would be needed to invalidate the default assumption. The following is down-selection is still open:
	Down-select to one of the below options in the next meeting:
Option 1: No RRC signalling is needed
Option 2: 1-bit RRC signaling
It is our view, that it is possible for the NW to secure PDSCH of the target UE is not overlapped with the CSI-RS of the co-scheduled UE, hence no signalling will be required.
NW can make sure PDSCH of the target UE is not overlapped with the CSI-RS of the co-scheduled UE.
UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE. Do not introduce RRC signalling to indicate default assumption does not hold (option 1).

Capability signalling for advanced receiver for MU-MIMO (If introduced)
In RAN4 #107 following was captured in the WF [1] regarding capability signalling for advanced receiver for MU-MIMO:
	Capability signalling for advanced receiver for MU-MIMO (If introduced)
Candidate options
· Option 1: Define optional UE capability signaling on MU-MIMO advanced receiver capability:
· Option 1A: UE supporting R-ML receiver with and without modulation order blind detection
· Other options are not precluded




In RAN4#107 an LS was sent to RAN1 requesting introduction of DCI signalling. Part of the signalling will require the UE to perform blind detection of MO (index 0, 6 and 7 from [2]).

		Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	7
	Others






Especially index 6 will likely be used by some networks and will require UE being capable of doing blind detection of MO if R-ML is used. It will be a great advantage for the network scheduler to know, if a UE scheduled for MU-MIMO is able to do blind detection of MO of co-scheduled UE. With UE capability signalling if blind detection of modulation order is supported, the network can assume R-ML to be used or not (i.e. E-IRC or SU-MIMO).
It will be of great advantage for the network to know if a UE targeted for MU-MIMO is capable of doing blind detection of co-scheduled UE modulation order.
Introduce UE capability signalling to indicate if a UE supports blind detection of co-scheduled UE modulation order. FFS: The maximum number of co-scheduled UEs, which the target UE can do MO blindly detection of if UE indicates capability of MO blind detection.

LS to RAN2 on UE capability and network assistant signalling for advanced receivers
Based on the agreements for RRC signalling as well as the still pending agreements we have uploaded an LS proposal “R4-2313734 - LS on UE capability and network assistant signalling for advanced receivers”.
RAN4 to send LS proposal provided in R4-2313734 to RAN2 requesting RAN2 to introduce UE capability and NWA signalling.

[bookmark: _Toc116995848]Conclusion
This paper has presented Nokia's views on various open issues with relation to receiver assumptions and NWA signalling for advanced receivers.

[bookmark: _Toc116995849]In the paper, the following Observations and Proposals were made: 
Reference Receiver
1. Current results from cases 1 to 8 shows R-ML as better receiver as compared to E-IRC.
Results for cases 9-16 with blind detection of parameters are not yet available from all companies and will be required to make final decision on reference receiver for these usecases.
1. For cases 1 to 8 use R-ML as reference receiver for requirement definition.
Keep the decision on reference receiver open for cases 9 to 16 until we have aligned simulation results.

The modulation order information of the co-scheduled UE (Only required for R-ML)
The exact modulation order of each co-UE cannot be signaled to the target UE using the agreed DCI bits when it is a case of 2 co-UEs using different modulation orders.
Target UE needs to detect presence of 2 co-UEs and then detect their respective FDRA, DMRS ports in the case of 2 co-UEs. In case of different modulation order for the two co-UEs, the target UE must blindly detect the modulation order for each co-UE when using R-ML receiver.

Gain of introducing aid in form of ZP-CSI-RS
ZP-CSI-RS in MU-MIMO slot helps target UE to detect modulation order of co-UEs and thereby close the gap between genie R-ML receiver performance and aided blind detection R-ML receiver performance.
Evaluate case of 2 co-scheduled UEs as proposed in WF [1] with following ZP-CSI-RS configuration:
a. Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs frequency multiplexed
i. Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
ii. Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
b. Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 4T4R, TDLA30-10, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs spatially multiplexed.
i. Co-UE1: Full CHBW allocation (0~51 PRBs) with QPSK rank 1, DMRS port 1001
ii. Co-UE2: Full CHBW allocation (0~51 PRBs) with 16QAM rank 1, DMRS port 1002

RAN4 to analyze 2 co-UE with different MO and FDRA results in RAN4#108, and declare the scenarios infeasible, if contributors cannot reach <10%BLER. Consider additional/alternative approaches to aid of BD in such a scenario.
RAN4 to limit the number of target and co-scheduled UE layers to 4 with DMRS Type 1 and max length of 1 OFDM symbol for R-ML receiver.

The DMRS port information for the co-scheduled UE
UE can detect the DMRS port information of the co-scheduled UE with high level of precision in case of Type 1 DMRS with max length of 1 OFDM symbol.
Do not introduce additional RRC signalling for DMRS port information of the co-scheduled UE in case of up to 4 layers.

Separate UE capability corresponding to dedicated RRC signalling
It will be highly useful for the network to know, if a UE has capability to still maintain good performance if one or more default assumptions are invalidated.
Introduce individual UE capabilities corresponding to the dedicated RRC signalling of:
- PRB bundling size for the co-scheduled UE Frequency domain resource allocation for the co-UE within each PRG of the target UE
- DMRS power boosting for the co-scheduled UE
- Time domain resource allocation information of the co-scheduled UE

CSI-RS location of co-scheduled UE (Only required for R-ML)
NW can make sure PDSCH of the target UE is not overlapped with the CSI-RS of the co-scheduled UE.
UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE. Do not introduce RRC signalling to indicate default assumption does not hold (option 1).

Capability signalling for advanced receiver for MU-MIMO (If introduced)
It will be of great advantage for the network to know if a UE targeted for MU-MIMO is capable of doing blind detection of co-scheduled UE modulation order.
Introduce UE capability signalling to indicate if a UE supports blind detection of co-scheduled UE modulation order. FFS: The maximum number of co-scheduled UEs, which the target UE can do MO blindly detection of if UE indicates capability of MO blind detection.

LS to RAN2 on UE capability and network assistant signalling for advanced receivers
RAN4 to send LS proposal provided in R4-2313734 to RAN2 requesting RAN2 to introduce the RAN4 agreed UE capability and NWA signalling.

References
[1] [bookmark: _Ref114500673][bookmark: _Ref138156916]R4-2309892 - WF on advanced receiver for MU-MIMO scenario
[2] [bookmark: _Ref138173681]R4-2309895 - LS on required DCI signalling for advanced receiver on MU-MIMO scenario
[3] [bookmark: _Ref142582102]R4-2311740 - Advanced Receivers - Simulation Results
[4] [bookmark: _Ref142582127][bookmark: _Ref142651222]R4-2311738 - Advanced Receivers - Simulation results for receiver assumption study
[5] [bookmark: _Ref142582176]R4-2307466 - On Advanced Receivers - Receiver assumption
[6] R4-2313734 - LS on UE capability and network assistant signalling for advanced receivers

