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Introduction
Last RAN4 #107 meeting is the third meeting for MU-MIMO advanced receiver WI, in which reference receiver assumption, required information, signaling for network assistant information (NWA) 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 1-1 Reference receiver
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

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Timeline for phase I studying
· Update the WID in the June RAN plenary to add the core part objective, and to add RAN1 and RAN2 as the secondary WG.
Sub-topic 1-2-2: Required information study
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

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
	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
	


Sub-topic 1-2-3: UE capability definition
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


Discussion
Reference receiver
Reference receiver
Based on the simulation results summary in [2], R-ML algorithm has better performance than E-MMSE-IRC algorithm, while R-ML algorithm with more information required than E-MMSE-IRC algorithm. Thus if we target to define requirements in phase II for only one advanced receiver, we propose to accept option 1. But if we don’t have limit of the number of requirements, in case some UE could not support R-ML or could not receive modulation order related information which is need by R-ML correctly, considering E-MMSE-IRC algorithm could also get some benefit compared with legacy IRC algorithm, we could consider to define two sets of requirements for MU-MIMO advanced receivers in phase II.
Proposal 1: Support option 1 (Down select to R-ML as the reference receiver) if we plan to define requirements in phase II for only one advanced receiver.
Proposal 2: Do not down-select candidate reference receivers if we consider to define two sets of requirements for MU-MIMO advanced receivers in phase II.
Required Information
Candidate options on the additional assumptions to the R-ML receiver
The descriptions about additional assumptions to the R-ML receiver in WF [1] are as below
	Candidate options on the additional assumptions to the R-ML receiver:
· 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


We think it is acceptable if these additional assumptions are only used for simulation assumption, and current simulation cases for alignment are already in this scope. While if the target is to standardizing R-ML receiver in RAN4 with these assumptions, it is unsuitable to restrict using total layers or only for dmrs-Type =1. 
Proposal 3: No need to introduce proposal 1 (The total number of layers for target and co-scheduled UE are no more than 4) or proposal 2 (Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1) as additional assumptions for the R-ML receiver.
New DMRS type introduced in Rel.18
Considering RAN1 has decided to increase DMRS ports in Rel.18 [4] and introduce new parameter enhanced-dmrs-Type_r18 similar as dmrs-type, and at the same time RAN1 not prefer to introduce restriction between Rel.18 UE with Rel.18 legacy DMRS ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE indicated with Rel.15 DMRS ports in a CDM group [5], RAN4 need to clarify whether the enhanced DMRS type should be considered or not in this WI. If this enhanced DMRS type should be considered, our conclusion in RAN4#106bis-e WF [3] about DMRS sequence using the same DMRS type may need update.
R1-2305494[4]
	enhanced-dmrs-Type_r18
This field is UE-specific, used to configure Rel.18 DMRS ports and jointly used with dmrs-Type.
Selection of the enhanced DMRS type to be used for DL (see TS 38.211 [16], clause 7.4.1.1.1). If the field is absent, the UE uses DMRS type 1 or DMRS type 2 depending on dmrs-Type. If the field is present, the UE uses DMRS eType 1 if dmrs-Type is absent. If the field is present, the UE uses DMRS eType 2 if dmrs-Type is present.



R1-2305950[5]
	FL Proposal 2.4B (for conclusion)
•	For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
2) For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE2 indicated with Rel.15 DMRS ports in a CDM group from Rel.17 spec.
Note1: MU-MIMO restriction in Rel.15-17 is applied to Rel.15-17 UE.
Note2: MU-MIMO restriction in Rel.18 is applied to Rel.18 UE.


Observation 1: RAN1 has decided to increase DMRS ports in Rel.18 and introduce new parameter enhanced-dmrs-Type_r18 similar as dmrs-type, and at the same time RAN1 not prefer to introduce restriction between Rel.18 UE with Rel.18 legacy DMRS ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE indicated with Rel.15 DMRS ports in a CDM group. If this enhanced DMRS type should be considered, our conclusion in RAN4#106bis-e WF about DMRS sequence using the same DMRS type may need update.
Proposal 4: Clarify whether the enhanced DMRS type introduced in Rel.18 should be considered or not in this WI.
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 related DMRS sequence and RE resource information of the co-scheduled UE. But it seems dedicated DCI signaling for DMRS port information is not accepted, then UE should do blind detection for the DMRS port information. If the maximum number of ports is informed to the target UE, the complexity of blind detection may be reduced. In order to reduce the complexity of UE blind detection, we prefer to introduce the upper bound on number of ports of co-scheduled UEs to be detected.
Proposal 5: Support to introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected.
PRB bundling size for the co-scheduled UE
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. Since RAN1 has defined the same PRG are used for DMRS ports in the same CDM group in 38.214 as below
[image: ]
Therefore, it is straight forward to introduce RAN4 default assumption as “UE assume in each its PRG, the resource allocation and precoding of potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4”. At the same time, RAN4#107[1] has decided to introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, then the target UE could use the minimum PRG granularity for co-scheduled UEs related channel estimation. It seems no extra benefit for introducing separate UE capability corresponding the dedicated RRC signaling needed or not.
Proposal 6: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for PRB bundling size of co-scheduled UEs) needed or not.
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



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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. We assume gNB prefer to set the same number of CDM groups for paired UEs even there is no such restriction. However, RAN4#107[1] has decided to introduce default assumption as “co-scheduled UEs have the same number of CDM groups as target UE” and dedicated RRC signalling to indicate whether the default assumptions valid or not. It seems no extra benefit for introducing separate UE capability corresponding the dedicated RRC signaling needed or not.
Proposal 7: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for DMRS power boosting of the co-scheduled UEs) needed or not.
Time domain resource allocation information of the co-scheduled UE
RAN4#107[1] has decided to introduce default assumption as “co-scheduled UEs have the same time domain resource allocation information as target UE” and dedicated RRC signalling to indicate whether the default assumptions valid or not. It seems no extra benefit for introducing separate UE capability corresponding the dedicated RRC signaling needed or not.
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
CSI-RS location of the co-scheduled UE
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
UE capability definition
Considering more than one information and network assistant signaling are required for MU-MIMO advanced receiver (E-MMSE-IRC or R-ML), and the MU-MIMO advanced receiver is not mandatory feature for UE, thus it is better to notify the network if this UE support MU-MIMO advanced receiver or not in case the network waste resource to send unnecessary signaling. If UE has MU-MIMO advance receiver capability, network could transmit MU-MIMO related network assistant signaling to this UE to assist the interference reduction, otherwise, network has no need to transmit MU-MIMO related network assistant signaling to this UE. Furthermore, about the information which UE supporting R-ML receiver with and without modulation order blind detection, no matter UE support blind detection or not, UE always need to get the 3 bits DCI information agreed in RAN4#107 meeting in order to use R-ML receiver, which not only has the modulation order information, but also has the information about if co-scheduled UE(s) with the same DMRS sequences is (are) exist or not. While network could use more flexible scheduling strategies correspondingly if it get the information UE support modulation order blind detection or not.
Proposal 10: Introduce new UE capability about MU-MIMO advanced receiver, in case the network transmit MU-MIMO related NWA to the UE without MU-MIMO advanced receiver capability. Furthermore, introduce new UE capability about R-ML receiver with and without modulation order blind detection, network could use more flexible scheduling strategies correspondingly.
Conclusion
In this contribution, we provide analysis and views on MU-MIMO required information for remaining open issues. 
Proposal 1: Support option 1 (Down select to R-ML as the reference receiver) if we plan to define requirements in phase II for only one advanced receiver.
Proposal 2: Do not down-select candidate reference receivers if we consider to define two sets of requirements for MU-MIMO advanced receivers in phase II.
Proposal 3: No need to introduce proposal 1 (The total number of layers for target and co-scheduled UE are no more than 4) or proposal 2 (Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1) as additional assumptions for the R-ML receiver.
Observation 1: RAN1 has decided to increase DMRS ports in Rel.18 and introduce new parameter enhanced-dmrs-Type_r18 similar as dmrs-type, and at the same time RAN1 not prefer to introduce restriction between Rel.18 UE with Rel.18 legacy DMRS ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE indicated with Rel.15 DMRS ports in a CDM group. If this enhanced DMRS type should be considered, our conclusion in RAN4#106bis-e WF about DMRS sequence using the same DMRS type may need update.
Proposal 4: Clarify whether the enhanced DMRS type introduced in Rel.18 should be considered or not in this WI.
Proposal 5: Support to introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected.
Proposal 6: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for PRB bundling size of co-scheduled UEs) needed or not.
Proposal 7: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for DMRS power boosting of the co-scheduled UEs) needed or not.
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
Proposal 10: Introduce new UE capability about MU-MIMO advanced receiver, in case the network transmit MU-MIMO related NWA to the UE without MU-MIMO advanced receiver capability. Furthermore, introduce new UE capability about R-ML receiver with and without modulation order blind detection, network could use more flexible scheduling strategies correspondingly.
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The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM
group to be different in the PRG-level grid configured to this UE with PRG =2 or 4. -

The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same
CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4. -




