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Introduction
Last RAN4 #106 meeting is the first meeting for MU-MIMO advanced receiver WI, in which reference receiver assumption, required information and interference modeling and simulation assumption for MU-MIMO scenario have some agreements in WF [1]. In this contribution, we share our views on open issues of MU-MIMO required information.
	Sub-topic 3-1: 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

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

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

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

Issue 3-1-5: DMRS power boosting for the co-scheduled UE
· Option 1: Discuss whether same DMRS power boosting assumed for paired UE is typical scenario
· Other options are not precluded

[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

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 

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

Sub-topic 3-2: 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

Issue 3-2-2: RS location information of the co-scheduled UE
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Option 2: Assistant signaling should be introduced
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs

Sub-topic 3-3:	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

Issue 3-3-2: Granularity of the network assistant signalling (If introduced)
· Option 1: For the whole bandwidth of serving UE considering the overhead limitation
Other options are not precluded


Discussion
Information required for both E-MMSE-IRC and R-ML
The presence of co-scheduled UE 
For both E-MMSE-IRC and R-ML advanced receiver, there is no doubt that UE should know the presence of MU-MIMO. But it seems no need to introduce explicit network assistant information signalling for the presence of co-scheduled UE, as the presence of co-scheduled UE could be implicitly indicated by other network assistant information signalling, for example DMRS port information of co-scheduled UEs.
Proposal 1: No need to introduce explicit network assistant information signalling for the presence of co-scheduled UE.
The DMRS sequence information for the co-scheduled UE 
In order to get the DMRS sequence of the co-scheduled UE, not only the DMRS sequence initialization seed nSCID ∈ {0, 1} should be indicated, but also the DMRS sequence scrambling ID  should be indicated. DMRS sequence initialization seed only need 1 bit for each co-scheduled UE, but each DMRS sequence scrambling ID need 16 bits for each co-scheduled UE. Considering the overhead, it is impossible to use explicit network assistant information signalling for the DMRS sequence related information.
But we could define the DMRS sequence initialization seed configuration pattern or rule and the DMRS sequence scrambling ID configuration pattern or rule, thus we could decode the DMRS sequence seed and DMRS sequence scrambling ID by using the same pattern or rule on both network and UE sides.
Proposal 2: Introduce the configuration pattern or rule for MU-MIMO DMRS sequence related parameters, i.e. DMRS sequence initialization seed and DMRS sequence scrambling ID.
The DMRS port information for the co-scheduled UE 
UE should know the DMRS port information for the co-scheduled UEs, thus UE could get the DMRS sequence of the co-scheduled UE. And it is hard to do DMRS port related blind detection for co-scheduled UE, as the DMRS signal of co-scheduled UE works as interference. 
Proposal 3: Introduce DMRS port related assistant information signalling for co-scheduled UEs.
Precoding granularity for the co-scheduled UE










[bookmark: _GoBack]Considering the channel estimation matrix of DMRS also include the precoding matrix W in PRB level, thus both the signal from the primary UE and the interference from co-scheduled UE could be estimated without knowing of precoding matrix, which means precoding matrix is transparent to UE. Furthermore, UE need to know the PRG (Precoding resource block group) in order to get better channel estimation, in which the UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs. A UE may assume that precoding granularity is  consecutive resource blocks in the frequency domain. can be equal to one of the values among {2, 4, wideband}. If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource associated with a same TCI state or a same QCL assumption. If  is determined as one of the values among {2, 4}, PRGs partitions the bandwidth part i with  consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. The first PRG size is given by  and the last PRG size given by  if , and the last PRG size is  if . For PDSCH scheduled by PDCCH with DCI scrambled using G-RNTI or G-CS-RNTI,  is the starting PRB of the CFR and  is the CFR. Hence we prefer UE assume the precoding granularity of co-scheduled UEs is 2.
[image: ]
Proposal 4: UE assumes the precoding granularity of co-scheduled UEs is always 2.
DMRS power boosting for the co-scheduled UE 



For the DMRS power boosting, TS38.214 section 4.1 has description as: For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE ( [dB]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as described in Clause 5.1.6.2. The DM-RS scaling factor  specified in Clause 7.4.1.1.2 of [4, TS 38.211] is given by.
Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB



Thus we know the DMRS power boosting could be decided by ‘Number of DM-RS CDM groups without data’, which means the REs of DMRS CDM group(s) could not be reused by PDSCH. For example, if ‘Number of DM-RS CDM groups without data’ is 1, it means the REs of DMRS CDM group 0 could not be shared by PDSCH, while the REs of DMRS CDM group 1 could be shared by PDSCH. If we look into Table 7.3.1.2.2-1- Table 7.3.1.2.2-4 in TS 38.212 carefully, we could find out once the total layer of MU-MIMO is known by network, the ‘Number of DM-RS CDM groups without data’ is also decided.
Observation 1: The same DMRS power boosting is assumed for paired UEs by current antenna port ordering Table 7.3.1.2.2-1- Table 7.3.1.2.2-4 in TS 38.212.
The transmission power ratio of co-scheduled users PDSCH to own PDSCH
For each RE of PDSCH, the total power of MU-MIMO scenario should be same with the SU-MIMO scenario, and the power ratio of each co-scheduled user is usually same. 
Proposal 5: No need to introduce the transmission power ratio study of MU-MIMO scenario.
Time and Frequency domain resource allocation information of the co-scheduled UE
If current UE could get the time and frequency domain resource allocation information of all co-scheduled UEs, the better result of interference cancellation could be more expectable. But considering the complexity of scheduling, it is not easy to schedule MU users always on the same time and frequency domain, especially for the frequency domain. Therefore, we would like to propose UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs, while for the frequency domain, UE needs to know the frequency domain allocation in case it is not the same with the target UE by assistant information signalling.
Proposal 6: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
Proposal 7: UE needs to know the frequency domain allocation by assistant information signalling in case it is not the same with the target UE.
 Additional information required for R-ML
UE with R-ML should know the modulation order information for each co-scheduled layer. Generally we have three methods to obtain this modulation order information: the first one is by blind detection, but the blind detection complexity grows rapidly with the growth of co-scheduled layers; the second one is by assistance information signalling with modulation order information, which may has higher overhead; the third one is to introduce some signaling to reduce the seach space, this method is more implenmentable with lower overhead.
Proposal 8: UE needs to know the modulation order related information by assistant information signalling, such as modulation order set. 
Proposal 9: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Signalling for network assistant information
If signalling for network assistant information if introduced, cosidering DMRS realted parameters and modulation order realted parameters should be included, which may change every slot, therefore, DCI signaling is more reasonable. At the same time, considering the overhead limitation, the granularity of the network assistant signalling should be the wideband.
Proposal 10: DCI signalling should be used for the network assistant information.
Proposal 11: The granularity of the network assistant signalling should be the wideband
2 Conclusion
In this contribution, we provide analysis and views on MU-MIMO required information for remaining open issues.
Proposal 1: No need to introduce explicit network assistant information signalling for the presence of co-scheduled UE.
Proposal 2: Introduce the configuration pattern or rule for MU-MIMO DMRS sequence related parameters, i.e. DMRS sequence initialization seed and DMRS sequence scrambling ID.
Proposal 3: Introduce DMRS port related assistant information signalling for co-scheduled UEs.
Proposal 4: UE assumes the precoding granularity of co-scheduled UEs is always 2.
Observation 1: The same DMRS power boosting is assumed for paired UEs by current antenna port ordering Table 7.3.1.2.2-1- Table 7.3.1.2.2-4 in TS 38.212.
Proposal 5: No need to introduce the transmission power ratio study of MU-MIMO scenario.
Proposal 6: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
Proposal 7: UE needs to know the frequency domain allocation by assistant information signalling in case it is not the same with the target UE.
Proposal 8: UE needs to know the modulation order related information by assistant information signalling, such as modulation order set. 
Proposal 9: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 10: DCI signalling should be used for the network assistant information.
Proposal 11: The granularity of the network assistant signalling should be the wideband.
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