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1. Introduction 
In RAN4#107 PDSCH demodulation requirements for MU-MIMO with advanced receiver were discussed and way forward [1] was agreed.  In this contribution we present our views on receiver assumptions for advanced receiver considered for mitigating inter- user interference in MU-MIMO.   
2. Discussion
Reference Receiver 
For reference receiver the following options were captured in [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
In our companion paper [2] we present simulation results for Phase 1 performance evaluation with advanced receivers – E-MMSE-IRC and R-ML. We observe that the performance with E-MMSE-IRC is not significantly better than baseline MMSE-IRC receiver across all the cases considered. Performance with R-ML receiver is significantly better than MMSE-IRC especially when the modulation order of co-scheduled UE is smaller than the target UE. The performance evaluation was with genie knowledge of all the parameters for co-UE needed for R-ML.
Observation #1:  Large gains with R-ML are observed when modulation order of co-UE is smaller than target UE. 
Observation #2:  Performance evaluation results are based on genie knowledge of co-UE’s parameters.

In RAN4#107 RAN4 agreed to introduce DCI based assistance information for modulation order signaling and UE assistance in modulation order blind detection and sent LS to RAN1 [3]. Blind detection of co-UE parameters significantly increases UE complexity, especially if no assistance information is provided for modulation order of co-UE.  With the assumption that request from RAN4 will be honored and the suggested DCI signaling can be introduced, then R-ML receiver can be selected as the reference receiver for phase 2 for requirements definition. 
Observation #3:  RAN4 agreed DCI based signalling for NWA on modulation order of co-scheduled UE.
Observation #4:  R-ML receiver with blind detection on co-UE modulation order increases complexity. 
Proposal #1:  With the assumption that DCI based signaling for NWA on modulation order is agreed, RAN4 can select R-ML as reference receiver for requirements definition in Phase 2. 
To limit the UE processing and complexity, the R-ML receiver for MU-MIMO should be limited to up to 4 MIMO layers of target and co-UE and for DMRS type1 configuration with length 1. 
Proposal #2:  Define R-ML receiver for maximum 4 layers across target and co-UE, with DMRS configuration type 1 with length 1.


Required Information for Advanced Receivers
Other required information of the co-scheduled UE for both R-ML and E-IRC
In RAN4#107, the following was discussed and agreed : 

	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
	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

	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
	




FDRA
It was agreed that UE obtains the FDRA of co-UE(s) by blind detection. DCI based indication of FDRA of co-UE is not practical. The resource allocation type can be type 0, type 1 or dynamic.   The UE needs to do blind detection on FDRA and the DMRS ports of co-UEs. It would be helpful to introduce RRC based signaling to indicate to the UE the resource allocation type of the co-UE(s). If we go with the default assumption that the resource allocation type is the same as target UE, at a minimum if signaling can indicate if the default assumption is not valid, it would help with the blind detection of DMRS ports and FDRA.
Observation #5:  Knowledge of PDSCH resource allocation type of co-UE can assist with blind detection of DMRS ports and FDRA . 

Proposal #3:  Default assumption on PDSCH resource allocation type of co-UEs same as target UE
Proposal #4:  Introduce 1-bit RRC signaling to indicate if default assumption on PDSCH resource allocation type is not valid.

CSI-RS location of co-scheduled UE
For CSI-RS location of co-scheduled UE, the default assumption is that the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE. In case this doesn’t hold, it should be indicated by RRC signaling
Proposal #5:   Introduce 1-bit RRC signaling to indicate if default assumption on CSI-RS location of co-scheduled UE is not valid.

The modulation order information of the co-scheduled UE (Only required for R-ML)
In some cases the DCI based NWA for modulation order will not be able to provide the modulation order of the co-UEs and UE if capable might choose to do blind detection of modulation order of co-scheduled layers. RRC signaling to indicate the MCS table or maximum modulation order of the co-UEs would assist UE in modulation order blind detection, if UE is capable of blind detection of modulation order. A 2 bit RRC signaling can be introduced with the following mapping for maximum modulation order:
00: 64QAM 
01: 256QAM
10: 1024QAM
Proposal #6:  Introduce 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs.
In case DCI based NWA for modulation order is not agreed in RAN1, RAN4 should discuss if MAC Ce based signalling can be used.
Proposal #7:  In case DCI based NWA for modulation order is not agreed in RAN1, RAN4 should further discuss possibility of indicating modulation order NWA via MAC-CE.

In summary the following need to be indicated by RRC signaling:
· 2-bit signaling for maximum modulation order
· 1 bit to indicate if default assumption on precoding granularity is not valid
· 1 bit to indicate if default assumption on DMRS power boosting for the co-scheduled UE
· 1 bit to indicate if default assumption on Time domain resource allocation information of the co-scheduled UE is not valid
· 1 bit to indicate if default assumption on CSI-RS location of the co-scheduled UE is not valid
· 1-bit RRC signaling if default assumption on PDSCH resource allocation type is not valid.

Proposal #8:  Introduce the following RRC signaling:
-      2-bit signaling for maximum modulation order
· 1 bit to indicate if default assumption on precoding granularity is not valid
· 1 bit to indicate if default assumption on DMRS power boosting for the co-scheduled UE
· 1 bit to indicate if default assumption on Time domain resource allocation information of the co-scheduled UE is not valid
· 1 bit to indicate if default assumption on CSI-RS location of the co-scheduled UE is not valid
· 1-bit RRC signaling if default assumption on PDSCH resource allocation type is not valid.


UE Capability
If R-ML is agreed as the reference receiver for R18 MU-MIMO, we propose to introduce the following UE capabilities:
· UE supporting R-ML without modulation order blind detection of co-scheduled layers 
· UE supporting R-ML with modulation order blind detection 
· Maximum number of layers of co-UE or total number of layers for joint detection
· UE capability on maximum number of DMRS ports for blind detection 


Proposal #9:  Introduce the following UE capabilities:
-      UE supporting R-ML without modulation order blind detection of co-scheduled layers 
-      UE supporting R-ML with modulation order blind detection 
-      Maximum number of layers of co-UE or total number of layers for joint detection
-      UE capability on maximum number of DMRS ports for blind detection 

Proposal #10:  Send LS to RAN2 on RRC signaling for NWA and UE capabilities 

3. Conclusion
In this paper, we provide our views on open issues on on receiver assumptions for advanced receiver considered for mitigating inter- user interference in MU-MIMO. Our observations and proposals are captured below:
Reference Receiver 
Observation #1:  Large gains with R-ML are observed when modulation order of co-UE is smaller than target UE. 
Observation #2:  Performance evaluation results are based on genie knowledge of co-UE’s parameters.
Observation #3:  RAN4 agreed DCI based signalling for NWA on modulation order of co-scheduled UE.
Observation #4:  R-ML receiver with blind detection on co-UE modulation order increases complexity. 
Proposal #1:  With the assumption that DCI based signaling for NWA on modulation order is agreed, RAN4 can select R-ML as reference receiver for requirements definition in Phase 2. 
Proposal #2:  Define R-ML receiver for maximum 4 layers across target and co-UE, with DMRS configuration type 1 with length 1.

Information required for E-MMSE-IRC and R-ML
Observation #5:  Knowledge of PDSCH resource allocation type of co-UE can assist with blind detection of DMRS ports and FDRA . 
Proposal #3:  Default assumption on PDSCH resource allocation type of co-UEs same as target UE
Proposal #4:  Introduce 1-bit RRC signaling to indicate if default assumption on PDSCH resource allocation type is not valid.
Proposal #5:  Introduce 1-bit RRC signaling to indicate if default assumption on CSI-RS location of co-scheduled UE is not valid.
Proposal #6:  Introduce 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs.
Proposal #7:  In case DCI based NWA for modulation order is not agreed in RAN1, RAN4 should further discuss possibility of indicating modulation order NWA via MAC-CE.
Proposal #8:  Introduce the following RRC signaling:
-      2-bit signaling for maximum modulation order
· 1 bit to indicate if default assumption on precoding granularity is not valid
· 1 bit to indicate if default assumption on DMRS power boosting for the co-scheduled UE
· 1 bit to indicate if default assumption on Time domain resource allocation information of the co-scheduled UE is not valid
· 1 bit to indicate if default assumption on CSI-RS location of the co-scheduled UE is not valid
· 1-bit RRC signaling if default assumption on PDSCH resource allocation type is not valid.

UE capability
Proposal #9:  Introduce the following UE capabilities:
-      UE supporting R-ML without modulation order blind detection of co-scheduled layers 
-      UE supporting R-ML with modulation order blind detection 
-      Maximum number of layers of co-UE or total number of layers for joint detection
-      UE capability on maximum number of DMRS ports for blind detection 

Proposal #10:  Send LS to RAN2 on RRC signaling for NWA and UE capabilities 
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