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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 MU-MIMO test parameters and simulation results . 
2 Discussion
2.1 Required information required for the candidate receivers
2.1.1 Information required for both E-MMSE-IRC and R-ML
	Issue 3-1-1: The presence of co-scheduled UE
· Whether this information is needed:
· [bookmark: _Hlk127895542]UE should know the presence of MU-MIMO transmission
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied 
· Option 2: By assistant information signalling


From what we understand, whether UE know the presence of co-schedule UE have an affect on receiver algorithm selection. If UE doesn’t know the existence of co-schedule UE, UE couldn’t perform exactly receiver algorithm to do interference cancellation. Therefore, UE should know the presence of co-schedule UE. And for another issue that how could be obtained by the UE. We prefer to blind detection. We believe that UE can perform blind detection for DMRS ports to obtain the presence of co-schedule UE side.
Proposal 1. UE can perform blind detection to obtain the presence of co-schedule UE.
	Issue 3-1-2: The DMRS sequence information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS sequence information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE
· Option 2: Blind detection should be studied
· Option 2A: UE can assume DMRS parameters in DMRS-DownlinkConfig is same for all UEs. It is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users. For nSCID ∈ {0, 1}, UE can either perform blind detection or require signaling. 
· Option 3: By assistant information signalling
· Option 3A: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs


From the structure of reference receiver, it clearly specified that co-schedule channel matrix information should be calculated for E-MMSE-IRC and R-ML receiver. Also UE should know the DMRS sequence information for co-schedule UEs. And from what we understand, it has two cases should be considered according to simulation assumptions, one is that target UE and co-schedule UE have same CDM group and the other is different CDM group users. The pseudo-random sequence generator shall be initialized with

Firstly, for same CDM group users, UE assumes the DMRS sequences for all co-schedule UEs are same with that of the target UE to keep orthogonal. Secondly, for different CDM group users, nSCID ∈ {0, 1} can be same or different for different CDM group users. If UE assumes nSCID is same for all co-schedule UEs, DMRS sequences will be same. If UE assumes nSCID is different for all co-schedule UEs, DMRS sequences will be different. In this case, target UE should perform blind detection to obtain DMRS sequences information for co-schedule UE. 
Proposal 2. For same CDM group users, DMRS sequences for all co-schedule UEs are same; For different CDM group, DMRS sequences for all co-schedule UEs can be same or different, and blind detection could be considered for different CDM group.
	Issue 3-1-3: The DMRS port information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS port information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling


For DMRS port information, we prefer to blind detection for the co-schedule UE.
Proposal 3. Blind detection should be studied for DMRS port information for the co-schedule UE.
	Issue 3-1-4: Precoding granularity for the co-scheduled UE
· Whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Other options are not precluded


If target UE doesn’t know precoding granularity for the co-schedule UE, target UE will perform co-schedule UE channel estimation for per PRB. It will lead to some performance degradation. To avoid performance degradation caused by channel estimation, UE needs to know the precoding granularity of co-schedule UE. 
And target UE how to obtain precoding granularity for the co-schedule UE. From what we understand, blind detection can be considered for this. Target UE can perform co-schedule channel estimation for per PRB at first. And then UE will determine the precoding granularity based on channel estimation result of each PRB. At last UE will perform co-schedule channel estimation based on precoding granularity. 
Proposal 4. UE could perform blind detection to obtain precoding granularity for the co-schedule UE.
	[bookmark: _Hlk127812799]Issue 3-1-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Whether this information is needed:
· Option 1: UE should know the transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Other options are not precluded


Based on our understanding, the transmission power of c-schedule users PDSCH to own PDSCH is not important information for receiver. For E-MMSE-IRC and R-ML receiver, target UE just needs to know the receive data and the estimated channel matrix and then perform R-ML or E-MMSE-IRC algorithm. 
Proposal 5. Not to consider the transmission power ratio of co-scheduled users PDSCH to own PDSCH.
	Issue 3-1-7: Time domain resource allocation information of the co-scheduled UE
· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
· Option 2: UE needs to know the time domain allocation in case it is not the same with the target UE
· Option 3: Assistant signalling should be introduced
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· If not, which serving PDSCH symbols are interfered by the same set of co-scheduled UEs 


If target UE and co-schedule have same OFDM symbols for PDCCH and PDSCH, from what we understand, there is no necessary to know the time domain resource for target UE. If target UE and co-schedule UE have different time domain resource, maybe the PDSCH symbols or PDCCH symbols are different. In this case, to perform co-schedule UE channel estimation, target UE must know the time domain resource allocation information like DMRS position.
Proposal 6. To consider UE needs to know the time domain allocation if it is different from the target UE.

	Issue 3-1-8: Frequency domain resource allocation information of the co-scheduled UE
· Whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE
· Option 2: UE needs to know the frequency domain allocation in case it is not the same with the target UE
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Option 2: UE shall assume that interference UEs have same PDSCH resource allocation as its own PDSCH
· Option 3: By assistant information signalling


[bookmark: _GoBack]For frequency domain resource, UE needs to know this so that it can perform interference cancellation in each RE that is interfered with by co-schedule UEs. Actually, the bandwidth resource of each UE scheduled by base station may be different. Therefore, some resource elements (REs) of the target UE will suffer interference from the co-schedule UE. As mentioned above, UE needs to know which REs have suffered interference and then perform E-MMSE-IRC or R-ML algorithm. What’s more, UE can determine whether there has been interference by detecting the power of each RE. 
Proposal 7. UE needs to know the frequency domain allocation of the co-schedule UE and perform power detection for each PRB.
2.1.2 Additional information required for R-ML
	Issue 3-2-1: The modulation order information of the co-scheduled UE
· Whether this information is needed:
· UE with R-ML should know the modulation order information for each co-scheduled layer
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling the modulation order information
· Option 3: Introduce the following signaling to reduce the search space
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB



From the structure of reference receiver for R-ML, we can find that R-ML needs to search the space of constellation for target UE and co-schedule UE. And the modulation order information can be informed by DCI for target UE. Also target UE should know the modulation order information for co-schedule UE to perform R-ML. So how can UE obtain modulation order information for co-schedule layer? If UE perform blind detection for co-schedule layers, search space should include QPSK, 16QAM, 64QAM and 256QAM from MCS index table[3] for each layer. And the complexity should be , where N is the number of layers for co-schedule UE. 

Observation 1. If UE perform blind detection for co-schedule UE, the complexity should be , where N is the number of layers for co-schedule UE.
Proposal 8. To consider introducing assistant information signalling for modulation order.
2.1.3 Signalling for network assistant information if introduced

	Issue 3-3-1: Signalling for the network assistant information (If introduced)
· Option 1: RRC and MAC-CE signaling
· Option 2: DCI



As mentioned above, modulation order information of the co-scheduled UE is most important for R-ML receiver. And after our analysis, the complexity of blind detection is about , where N is the number of layers for co-schedule UE. The more layers of co-schedule UEs have, the higher the complexity of UE blind detection. Therefore, maybe we can introduce network assistant information to reduce the complexity of blind detection for modulation order information. 
With regard to signalling, compared to DCI signalling, RRC signalling is flexible and easy to design and DCI signalling has a fixed format.
Proposal 9. To consider RRC signalling as priority, if introduce network assistant information.
2.2 Simulation results
2.2.1 Rank 1+1
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	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	RML

	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	TDLC300-100
ULA Medium
	Random
	2T2R
	22.4
	19.8
	3.6
	12.7
	9.7

	
	Orthogonal
	2T2R
	19.0
	17.1
	1.9
	11.7
	7.3



2.2.2 Rank 2+2
2.2.2.1 Rank2+2(QPSK)
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	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	RML

	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	TDLA30-10
ULA Low
	Random
	4T4R
	16.2
	14.5
	1.7
	12.6
	3.6

	
	Orthogonal
	4T4R
	13.3
	12.9
	0.4
	10.3
	3.0
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	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	RML

	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	TDLC300-100
ULA Low
	Random
	4T4R
	22.5
	17.0
	5.5
	13.5
	9.0

	
	Orthogonal
	4T4R
	16.5 
	14.3
	2.2
	11.2
	5.3


















2.2.2.1 Rank2+2(64QAM)
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	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	RML

	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	TDLA30-10
ULA Low
	Random
	4T4R
	16.0
	14.8
	1.2
	13.8
	2.2

	
	Orthogonal
	4T4R
	13.8
	13.3
	0.5
	12.0
	1.8



	[image: ]
	[image: ]



	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	RML

	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	TDLC300-100
ULA Low
	Random
	4T4R
	22.4
	16.7
	5.7
	15.2
	7.2

	
	Orthogonal
	4T4R
	16.4
	14.3
	2.1
	13.2
	3.2




3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for MU-MIMO, The conclusions are:

Observation 1. If UE perform blind detection for co-schedule UE, the complexity should be , where N is the number of layers for co-schedule UE.
Proposal 1. UE can perform blind detection to obtain the presence of co-schedule UE.
Proposal 2. For same CDM group users, DMRS sequences for all co-schedule UEs are same; For different CDM group, DMRS sequences for all co-schedule UEs can be same or different, and blind detection could be considered for different CDM group.
Proposal 3. Blind detection should be studied for DMRS port information for the co-schedule UE.
Proposal 4. UE could perform blind detection to obtain precoding granularity for the co-schedule UE.
Proposal 5. Not to consider the transmission power ratio of co-scheduled users PDSCH to own PDSCH.
Proposal 6. To consider UE needs to know the time domain allocation if it is different from the target UE.
Proposal 7. UE needs to know the frequency domain allocation of the co-schedule UE and perform perform power detection for each PRB.
Proposal 8. To consider introducing assistant information signalling for modulation order.
Proposal 9. To consider RRC signalling as priority, if introduce network assistant information.
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