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1 Introduction
During the last RAN4 meeting, some conclusions has been reached for advanced receiver for MU-MIMO. In this contribution, we want to share further considerations on reference receiver assumptions . 
2 Discussion
Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
	Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option2:R-ML receiver in terms of total layer (serving + interfering) and modulation order
· Option 3: UE performs joint detection on layers of one additional co-scheduled UE in addition to its own layers on the same frequency and time resource as its own allocation
· Option 4: Limit the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Way forward
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· Discuss how to obtain each of the needed parameters.


In general, for interference cancellation, we expect that UE can perform R-ML algorithm in serving layer and interference layer not for co-schedule UE. From what we understanding, serving UE has suffered interference from co-schedule UE. So we expect that target UE perform R-ML algorithm to avoid performance degradation. And for co-schedule UE, we don’t want it to be able to perform R-ML algorithm which is an aggressor compared to target UE. 
And for required information, modulation order is the most important information for R-ML receiver. From the current study, there are three main ways to obtain modulation order which are RRC signalling, DCI signalling and blind detection. For RRC signalling, we need to consider latency which is about tens of milliseconds. Also RRC signalling is easy to design. However, based on our understanding, MU is a dynamic transmission which is based on slot scheduling. Therefore, for this dynamic scenario, we need more discussion whether RRC signalling can be considered for MU-MIMO. Secondly, for DCI signalling, the key issue is its payload size. Because of the limited restriction of payload in transmission and how to use bit information to represent the modulation order are most important aspects for DCI signalling. At least for blind detection, we need to consider two aspects which are complexity and performance. With regarding to complexity, UE needs to traverse all modulation orders which will consumes a lot of power. And for performance, due to the uncertainly of blind detection, there is a possibility of mis detection which will lead to performance degradation.
Proposal 1. UE can perform R-ML algorithm in serving layer and interference layer.
Observation 1. For RRC signalling, need more discussion whether RRC signalling can be considered for MU-MIMO. For DCI signalling, payload size and how to use bit information to represent the modulation order are most important aspects. For blind detection, complexity and performance could be considered .
Issue 1-1-2: Reference receiver
	Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements
· Option 2: To be decided later
Way forward
· To be discussed in the next meeting.


In RAN4 #106 meeting, we made a agreement for E-MMSE-IRC receiver as follows:
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For E-MMSE-IRC receiver, UE can perform channel estimation for co-schedule UE. The MMSE IRC receiver weight matrix is expressed as follow:
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Assuming that the signal and noise follow an independent distribution, then
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According to the expression of MMSE-IRC, then
 = 

=,
From the perspective of mathematical theory, based on the above derivation, we can get E-MMSE IRC receiver weight matrix from MMSE-IRC weight matrix. 
However, in the procedure of derivation, we make a hypothesis that target UE can know the channel information (  ) of co-schedule UE. Therefore, the weight matrix of MMSE-IRC and E-MMSE-IRC is same. Actually, for UE implementation, target UE can not acquire the channel estimation information for MMSE-IRC receiver. This is the difference between E-MMSE-IRC and MMSE-IRC. 
In general, E-MMSE-IRC receiver fully utilizes the information of the interference channel. Based on the simulation results[2] at last meeting, we can find that E-MMSE-IRC receiver shows better performance than MMSE-IRC in TDLC propagation conditions. While E-MMSE-IRC receiver shows almost no gain in TDLA propagation conditions. 
Observation 2. From the perspective of mathematical theory, we can get E-MMSE IRC receiver weight matrix from MMSE-IRC weight matrix. 
Observation 3. E-MMSE-IRC receiver shows better performance than MMSE-IRC in TDLC propagation conditions. While E-MMSE-IRC receiver shows almost no gain in TDLA propagation conditions. 
Proposal 2. To consider down-select R-ML as a candidate reference receiver could be based on simulation results.
Sub-topic 1-2 Discussion on the required information (High priority for Q2)
Sub-topic 1-2-2: Information required for both E-MMSE-IRC and R-ML
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
	Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus signaling is not needed.
· For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· FFS on the signaling to inform UE if RAN4 default assumption not valid for any of the co-scheduled UE:
·  Option 1: 1-bit RRC signaling
·  Option 2: Implied by DCI signaling on modulation order (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits



After discussion at the previous meeting, we assumed that target UE and co-schedule UE have same scrambling ID and  information as RAN4 default assumption. The next issue is when RAN4 default assumption is not valid, UE how to know this information and then whether perform advanced receiver. Currently, if RAN4 default assumption is not valid, introduce RRC or DCI signalling to indicate the invalidation of the current assumptions. For RRC signalling, there is no apparent restrictions on it. And for DCI signalling, consider payload size for DCI and only one type DCI should be considered for all information which is needed for R-ML receiver. This will be a great challenge for payload size. 
Observation 4. If introduce DCI signalling which needs to include all information, this will be a great challenge for payload size.
Proposal 3. To consider 1-bit RRC signalling for DMRS information.
Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
	Way forward
· UE needs to know the PRB bundling size of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the PRB bundling size of co-scheduled UEs is same with that of target UE
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
·  Option 1: 1-bit RRC signaling
·  Option 2: No signaling is required.
· Option 3: Implied by DCI signaling on modulation order (if introduced)


If RAN4 default assumption is not valid, we expect that UE can perform PRB detection. In other words, target UE can perform per-PRB channel estimation for co-schedule UE. However, per-PRB channel estimation will bring performance degradation in low SNR. Since we prefer considering 1-bit RRC signalling for PRB bundling size.
Proposal 4. To consider 1-bit RRC signalling for PRB bundling size.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
	Way forward
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required.


Target UE will apply channel estimation according to DMRS sequence, if there is power boosting between DMRS and PDSCH for co-schedule UE and target UE doesn’t know, target UE will perform R-ML algorithm with wrong channel estimation results which will lead to performance degradation. Based on this reason, we should try to avoid this situation as much as possible. Also, we prefer considering 1-bit RRC signaling to inform UE if RAN4 default assumption is not valid.
Proposal 5. To consider 1-bit RRC signalling if default assumption is not valid.
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
	Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
· Evaluation assumptions of the MO BD study:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Following cases:
· Rank 1+1, 2T2R, MCS 13 for the target UE, QPSK interference, TDLC300-100, random precoding
· Rank 2+2, 4T4R, MCS 17 for the target UE, 16QAM interference, TDLA30-10, orthogonal precoding
· Rank 1+1, 2T2R, MCS 13 for the target UE, 16QAM interference TDLC300-100 random precoding (Optional)
· Full CHBW allocation (52PRBs) FDRA of the co-UE:
· Note: Assume that the R-ML also needs to perform DMRS port and FDRA information BD and all the agreed default assumptions are valid.
· Companies are encouraged to bring simulation results for the next meeting.
· With this MO BD study, the following is not precluded:
· The possibility of full signalling of modulation order and/or other information.
· The possibility of non-dynamic NWA signalling (i.e., non-DCI) solutions.
· For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.


According to the previous meeting conclusion, we made a simulation for R-ML blind detection as shown in Table 2-1. 
From our simulation results, R-ML receiver for blind detection with QPSK interference shows 2.5dB performance degradation. 
Moreover, blind detection also increases the complexity of the R-ML receiver. We can assume that target UE knows the modulation order of the co-schedule UE (e.g., 16QAM), the number of candidate constellation is 16. However, if target UE perform blind detection for modulation order, the candidate constellation set is {QPSK, 16QAM, 64QAM, 256QAM}, so the number of candidate constellation is 4+16+64+256 = 340. This will be a great challenge for receiver. 






Table 2-1 Simulation results for blind detection
	[image: ]
(1) Case 1: MCS 13, QPSK interference
	



	
	Propagation conditions

	PMI selection
	Antenna configuration
	Interference 
	R-ML
	R-ML BD

	
	
	
	
	
	SNR
(dB)
	SNR
(dB)

	Case1
	TDLC300-100 ULA Medium
	Random
	2T2R
	QPSK
	12.7
	15.2
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Observation 5. R-ML receiver for blind detection with QPSK interference shows 2.5dB performance degradation . 
Issue 1-2-3-3: RS location information of the co-scheduled UE
	Way forward 
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed


Based on our understanding, even if target PDSCH is overlapped with the CSI-RS of the co-schedule UE, the base station can be configured with ZP CSI-RS for rate matching. Since there is no need to consider RRC signalling to inform UE whether the default assumption is needed.
Proposal 6. No need to consider RRC signalling to inform UE RS location information of the co-schedule UE.

Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
	Candidate options:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling
· Option 2: DCI 
· Option 3: FFS once it is agreed which information is to be signalled
· Option 4: Some of the information could be carried by DCI and others carried by higher layer
Way forward 
· Discuss separately for each parameter



Currently, there is no clear conclusion about the required information. Based on our understanding, network assistant information could be include the signalling to inform UE if RAN4 default assumption is not valid and modulation order, etc. MU-MIMO transmission is based on slot scheduling. This is dynamically scheduling. Considering the RRC or MAC CE signalling has significant latency which will up to tens of milliseconds. And for DCI signalling is a dynamic scheduling which is more applicable to MU. However, on the other hand, considering network assistant information needs to include plenty of information(modulation order, DMRS information and so on), this is challenge for the payload size of DCI.
Considering the above illustration, some of the information could be carried by DCI(e.g., modulation order ) and others could be carried by high layer.

Proposal 7. To consider some of the information could be carried by DCI(e.g., modulation order) and others could be carried by high layer.

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)

	Candidate options:
· Option 1: The granularity of the network assistant signalling should be the wideband
· Option 2: FFS until it is agreed which information is to be signalled
Way forward 
· Further discuss.


In general, wideband granularity of the network assistant signalling is reasonable. Moreover, we would like to highlight if there are more than one co-schedule UE, granularity of NWA signalling could be the wideband for per co-schedule UE.
Proposal 8. To consider wideband granularity for per co-schedule UE.


3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for MU-MIMO, The conclusions are:
Observation 1. For RRC signalling, need more discussion whether RRC signalling can be considered for MU-MIMO. For DCI signalling, payload size and how to use bit information to represent the modulation order are most important aspects. For blind detection, complexity and performance could be considered .
Observation 2. From the perspective of mathematical theory, we can get E-MMSE IRC receiver weight matrix from MMSE-IRC weight matrix. 
Observation 3. E-MMSE-IRC receiver shows better performance than MMSE-IRC in TDLC propagation conditions. While E-MMSE-IRC receiver shows almost no gain in TDLA propagation conditions. 
Observation 4. If introduce DCI signalling which needs to include all information, this will be a great challenge for payload size.
Observation 5. R-ML receiver for blind detection with QPSK interference shows 2.5dB performance degradation . 
Proposal 1. UE can perform R-ML algorithm in serving layer and interference layer.
Proposal 2. To consider down-select R-ML as a candidate reference receiver could be based on simulation results.
Proposal 3. To consider 1-bit RRC signalling for DMRS information.
Proposal 4. To consider 1-bit RRC signalling for PRB bundling size.
Proposal 5. To consider 1-bit RRC signalling if default assumption is not valid.
Proposal 6. No need to consider RRC signalling to inform UE RS location information of the co-schedule UE.
Proposal 7. To consider some of the information could be carried by DCI(e.g., modulation order) and others could be carried by high layer.
Proposal 8. To consider wideband granularity for per co-schedule UE.
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