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Background
In last meeting, a WF on the receiver for MU-MIMO scenario was approved. This contribution provides our views related to receiver assumption and network signalling. 
1   Discussions
Potential finer UE capability definitions
We have following options for potential finer UE capability definitions
	· UE Capability for maximum number of layers processes:
· There is no separate capability for maximum number of layers, will be covered in capability for different UE types.
· UE Capability for maximum number of DMRS ports detected
· There is no UE capability introduced for # of DMRS ports to detect. 
· The UE is expected to detect up to 4 ports. It’s up to UE implementation which ports are detected.
· Discussion is limited to R15 DMRS configurations. 
· FFS on NWA to inform the UE on potential co-scheduled ports. 
· UE Capability for Maximum modulation orders of interfering DMRS ports
· Option 1: UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported
· Option 2: Not to introduce such capability definition
· UE Capability for supported DMRS configurations
· Option 1: Introduce UE capability signaling for supported DMRS configuration for R-ML
· Option 2: Not to have such UE capability definition



We don’t expect to introduce any finer capability with respect to R-ML, too many capabilities involved will make MU scheduling complicated and we don’t think BS will consider so many factors when performing MU-MIMO and such capabilities will expose the details of UE implementation 
Proposal 1: Don’t introduce any finer capability with respect to R-ML.

Capability granularity for the R-ML capability signalling
We have following options for the R-ML capability granularity:
	· Option 1: Per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW
· FFS where the assumption will be captured
· UE can support R-ML in single carrier operation, and on one or more carriers in CA operation.
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability


Currently, RAN4 only focus on single carrier scenario, R-ML for MU-MIMO scenario on CA scenario is more complicated so it’s not feasible to require UEs support it. Option 1 means UE support R-ML for MU-MIMO for all CA combination, which is impossible for most UEs.  Regarding the assumption” With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW”, it can’t be assumed that all UEs definitely perform R-ML for all CCs, even with limited resources. For example, UE can only perform R-ML on few carriers with full CHBW. Option 2 can give UEs more opportunity to report R-ML capability and acquire the network signalling to perform R-ML. 
Proposal 2: Introduce Per-FSPC capability granularity for R-ML capability signalling.

Frequency domain resource allocation type for the co-UE and the target UE
We have following options for FDRA information:
	· Candidate options:
· Option 1: Introduce signaling to indicate if RBG size of the target and co-scheduled UE are the same when resource allocation Type 0 is used for target UE.
· Option 2: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE
· Option 3: Not to have assumption on the frequency domain resource allocation type for the co-scheduled UE


For down resource allocation type0, RBG size depends on BWP size (See following table copied from Table 5.1.2.2.1-1 in TS 38.214)
Table 5.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16


Without any BWP information of co-scheduled UE, Target UE doesn't know the RBG size of the co-scheduled UE. But with the prior information that resource type 0 is configured for co-scheduled UE, target UE can confirm that co-scheduled UEs are allocated with minimum 2 RBs granularity in frequency allocation, which could be helpful when PRG aligned information in RRC signalling is invalid. For example, if target UE is configured with PRG=4 and PRG aligned information in RRC signalling is invalid, target UE has to fallback to per PRB detection without resource type information of co-scheduled UE, but if target UE knows that co-scheduled UE is configured resource type 0, target UE can fallback to per 2RBs detection, which could reduce the complexity compared to that without resource type allocation. 
Observation 1: With prior information that resource type 0 is configured for co-scheduled UE, even target UE doesn’t know the exact RBG size of co-scheduled UEs, one thing that can be sure is that co-scheduled UEs are allocated with minimum 2 RBs granularity in frequency allocation, which would be beneficial by making UE perform per 2RBs detection rather than per RB detection when PRG aligned information is invalid.
Proposal 3: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE.

New MAC-CE command to assist DMRS port blind detection
We have following options for new MAC-CE command to assist DMRS port blind detection:
	· Candidate options:
· Option 1: Apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
· Option 2: Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection
· Proponent for option 1 is encouraged to give more details in the next meeting.


Different PRG could have different precoding, which makes it impossible to perform across multiple PRGs power detection. Even some corner cases make it feasible, it's very complicated to design signalling to indicate how many PRGs are available for joint signal power detection
Proposal 4: Don’t introduce new MAC-CE command to assist DMRS port blind detection.

The modulation order information of the co-scheduled UE (RRC based assistant signaling)
	Candidate options on updated LS to RAN2:
· Option 1: Modify 2 bit RRC signaling to indicate max configured MCS table to maximum modulation order of paired UEs
	The highest modulation order used in all the MU-MIMO scheduling instances for co-scheduled UE(s), which has the same DM-RS sequence as the target UE, the modulation order is one of the following
· 1024QAM 
· 256QAM 
· 64QAM 


Option 2: Do not update the agreed LS to RAN2.


Firstly, we would like to mention that a co-scheduled UE(s) has 1024QAM MCS table configured is not equivalent to that this UE will be actually configured with 1024QAM on MU-MIMO scenario. 
Our concern for current signalling is that MCS table information of co-scheduled UEs could be dynamically changed. For example, in some slots, co-scheduled UE1 with 1024QAM table configured is scheduled with QPSK, in other slots, co-scheduled UE2 with 64QAM configured is scheduled with QPSK, which can result in frequent re-configuration of RRC signalling. On the other hand, the upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant. For example, 1024QAM may be not used for MU-MIMO scenario in most times. Therefore, it’s reasonable for RRC signalling to indicate the maximum modulation order of co-scheduled UEs. E.g. 1 bit indicates {below 1024QAM or 1024QAM} 
Observation 2: MCS table information could be dynamically changed since different UE with different MCS table could be co-scheduled. Instead, upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant.
Proposal 5:  Option 1: Modify current 2 bit signalling to 1 bit to indicate the maximum modulation order of co-scheduled UEs with same DMRS sequence as target UE: {below 1024QAM or 1024QAM}.

[bookmark: _Hlk157010774]The DMRS port information for the co-scheduled UE
We have following options for DMRS port information for the co-scheduled UE:
	· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 1A: Introduce UE capability signalling for maximum DMRS ports instead of RRC based NWA


For Option 1A, we don't think UE capability signalling for maximum DMRS port is helpful, BS always performs precoding to reduce the interference reduction on transmitting side so how many DMRS ports UE can detect is not important to BS. Instead, we can further discuss whether to introduce MAC-CE/RRC signalling to indicate target UEs the DMRS ports associated with co-scheduled UEs which are scheduled in same or overlapping beams with target UE. 
Proposal 6: Don’t introduce UE capability signalling for maximum DMRS ports. FFS for introduce MAC-CE/RRC signalling to indicate target UEs the DMRS ports associated with co-scheduled UEs which are scheduled in same or overlapping beams with target UE.
2   Reply to RAN2 questions
As per [2], RAN2 send a reply LS to RAN4 with some questions, we provide our views as follows: 
On granularity:
	Since the advanced receiver is for the improvement of PDSCH performance, RAN2 assumes the granularity of these network RRC signallings is per BWP as current PDSCH configuration is provided for each BWP.


We support RAN2’s understanding that RRC signalling granularity should be same as PDSCH configuration which is provided for each BWP.
Proposal 7:  Confirm RAN2’s assumption on granularity.

On independency:
	RAN2 assumes the RRC assistant signalling (for precoding and resource allocation, time domain resource assignment for PDSCH symbols, MCS table and DMRS power boosting configurations) is independent to the RRC signalling of informing the UE the existence of MU-MIMO DCI signalling, which means they can be configured separately. RAN2 also assumes all these RRC assistant signallings are for advanced receiver and assumes this DCI configuration is only applicable for the advanced receiver for now, so they can be grouped together within the same IE.


We agreed with RAN2’s understanding that each RRC assistant signalling is independent to each other and they can be grouped together within the same IE.
Proposal 8: Confirm RAN2’s assumption on independency. 

On how to interpret “whether the target UE can assume the scheduling information of co-scheduled UEs is the same as the target UE”:
	RAN2 assumes RAN4 intends for the network to explicitly signal to the UE both cases, i.e., "the UE can assume" and "the UE cannot assume", rather than that it’s only signalled by the network for the case when "the UE can assume".


We agree with RAN2’s assumption, as we commented before, the RRC signalling should be designed as “the UE can assume” and “the UE cannot assume” to avoid any ambiguity when the they are absent.
Proposal 9: Confirm RAN2’s assumption that network to explicitly signal to the UE both cases, i.e., "the UE can assume" and "the UE cannot assume", rather than that it’s only signalled by the network for the case when "the UE can assume".

RAN2 would like to check with RAN4 whether the DMRS power boosting information for advanced receiver is still needed.
The RAN1 conclusions are as follows:
	Continuation of discussions triggered by R1-2307902 (rejected) from RAN1#114 
R1-2310120         Clarify number of CDM groups without data for DMRS              Qualcomm Incorporated
Conclusion
[bookmark: _Hlk158141633]The following specification in TS 38.214 is interpreted as the UE may assume that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell.
	[bookmark: _Hlk158135223]When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.





The above wording in TS 38.214 means UE shall all CDM groups indicated in the configured index from Table 7.3.1.2.2-1 to 4 are not used for target UE’s data transmission, aiming to avoid any conflict with co-scheduled UE’s DMRS. The new conclusion is that UE may additionally assume that the CDM groups are also not used for co-scheduled UE data transmission. See following figure, if target UE is scheduled as case 1, the new conclusion specifies that this UE may assume co-scheduled UE is scheduled as case1 or case3, with this assumption, the non-alignment of DMRS power booting could be avoided. 

However, we have strong views to keep this RRC signalling with following reasons:
(1) The conclusion says ”UE may assume”, not  “UE shall assume”, which implies UE could make such assumption in some cases but not in all cases. For example, UE can make such assumption when performing MMSE-IRC/E-MMSEI-IRC with strong robustness. However, as we analysed, this assumption can’t work for R-ML, RAN1 has different background with RAN4 and doesn't have background of R-ML receiver. It is necessary to introduce the RRC signalling to guarantee the R-ML performance from RAN4 side.  
(2) As a BS vendor, we do see that DMRS power boosting non-alignment can occur in the real deployment and many Base stations have been deployed, it's too late to introduce this conclusion and scheduling can’t be changed. 
Proposal 10: Keep RRC signalling on DMRS power boosting.
3   Conclusion
In this contribution, we provide our views on receiver assumption and NWA for advanced receiver for MU-MIMO. The observations and proposals are:
Proposal 1: Don’t introduce any finer capability with respect to R-ML.
Proposal 2: Introduce Per-FSPC capability granularity for R-ML capability signalling.
Observation 1: With prior information that resource type 0 is configured for co-scheduled UE, even target UE doesn’t know the exact RBG size of co-scheduled UEs, one thing that can be sure is that co-scheduled UEs are allocated with minimum 2 RBs granularity in frequency allocation, which would be beneficial by making UE perform per 2RBs detection rather than per RB detection when PRG aligned information is invalid.
Proposal 3: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE.
Proposal 4: Don’t introduce new MAC-CE command to assist DMRS port blind detection.
Observation 2: MCS table information could be dynamically changed since different UE with different MCS table could be co-scheduled. Instead, upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant.
Proposal 5:  Option 1: Modify current 2 bit signalling to 1 bit to indicate the maximum modulation order of co-scheduled UEs with same DMRS sequence as target UE: {below 1024QAM or 1024QAM}.
Proposal 6: Don’t introduce UE capability signalling for maximum DMRS ports. FFS for introduce MAC-CE/RRC signalling to indicate target UEs the DMRS ports associated with co-scheduled UEs which are scheduled in same or overlapping beams with target UE.
Proposal 7:  Confirm RAN2’s assumption on granularity.
Proposal 8: Confirm RAN2’s assumption on independency. 
Proposal 9: Confirm RAN2’s assumption that network to explicitly signal to the UE both cases, i.e., "the UE can assume" and "the UE cannot assume", rather than that it’s only signalled by the network for the case when "the UE can assume".
Proposal 10: Keep RRC signalling on DMRS power boosting.
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