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1	Introduction
In RAN#100 meeting, it was approved in [1] to introduce network assistant signaling to enhance advanced receiiver for inter-user interference cancellation in MU-MIMO scenarios. By RAN4 108-bis meeting, RAN4 has made agreements on DCI signaling and RRC signaling, wherein, LS[7] were sent to RAN1, and LS[6] to RAN2. Based on the updated  consensuses on assistant signaling ,in this contribution, we present our views on some open issues captured in WF [5] at RAN4 108bis, additionally we propose to make further interpretation to the RRC signaling of modulation order presented in LS to RAN2, and our proposals for MAC-CE signaling as well.
2 Discussion
2.1 Assumptions for the advanced receiver for MU-MIMO
In the WF [5] agreed in RAN4#108bis, the following agreements are got on Reference receiver assumptions:
	Issue 1-2-2: Additional assumptions to the R-ML receiver
· Candidate options on maximum number of layers need to be handled with R-ML receiver:
· Option 1: Different types of UEs that defines the minimum total layer number across target and co-scheduled UEs with R-ML processing based on UE declaration
· Option 1A:
· Type 1: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2 with 2 Rx
· Type 2: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2,3,4 with 4 Rx
· Option 1B:
· For R-ML receiver without modulation order detection for MU-MIMO
· Type 1: 2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· For R-ML receiver with modulation order detection for MU-MIMO
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 2: Introduce UE capability signalling for the following types
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 3: Maximum 4 layer including target and co-scheduled UEs are required. When the assumptions are not fulfilled, UE is allowed to fall back to MMSE-IRC requirements
· Candidate options on supported DMRS configurations:
· Option 1: Not to have additional restrictions on supported DMRS configurations
· Option 2: Restrict R-ML for MU-MIMO to certain DMRS configuration and length or introduce UE capability on the supported DMRS configuration and lengths
Additional assumptions to the R-ML receiver
· If the target UE does not support Rel-18 DMRS. It is up to UE implementation whether the UE will perform R-ML to the co-scheduled layers associate with the DMRS ports which are not included in the Rel-15 DMRS.



Regarding maximum number of layers need to be handled with R-ML receiver
We think it would be beneficial if network scheduler is aware of the maximum total number of layers that UE could handle with R-ML receiver. And we prefer no more than 4 layers across UE layers and interference layers with respect to test requirements setup because 2Rx or 4Rx is mandatorily RF requirements for one CC . Moreover, we agree to allow adaptable UE capability of maximum layers that UE could handle with R-ML receiver as it‘s dependent on specific EN-DC or CA band combination. Therefore, we support option 2.
Proposal 1: we support option 2, i.e to indicate the maximum number of layers that UE could handle via UE capability signaling.
Proposal 2: it’s proposed to have no more than 4 layers across UE layers and interference layers with respect to test requirements setup. 
At last meeting, RAN4 made consensus that R-ML receiver would also work under Rel-18 enhanced DMRS ports. And it’s up to UE implementation whether the UE will perform R-ML to the co-scheduled layers associate with the DMRS ports which are not included in the Rel-15 DMRS, when the target UE doesn’t support R18 DMRS. 
With R18 DMRS ports extended up to 16 or 24. for one specific UE, we still hold that no more than 4 layers across UE layers and co-scheduled UE layers handled with R-ML. And when the target UE doesn’t support R18 DMRS, there is no test requirements involving interference layers associated with DMRS ports which is not included R15 basic DRMS ports.
Proposal 3: With R18 DMRS ports extended up to 16 or 24, we still hold proposal 2. Moreover when the target UE doesn’t support R18 DMRS, it won’t be tested under interference layers associated with DMRS ports which is not included R15 basic DRMS ports.
Regarding DMRS configurations
We don’t see necessity of restrictions on DMRS configuration for R-ML. And we agree on DMRS configuration of type 1 and maxlen= 1 with respect to test requirements setup.
Proposal 4: we agree there is no additional DMRS configuration restriction on DMRS type and length for R-ML. We agree on DMRS type 1 and maxlen= 1 with respect to test requirements setup .

2.2 Required information and the corresponding signalling
Assistant information by RRC
At RAN4 108bis, RRC signalling is provided in the LS [6]. 
	[bookmark: _Hlk148002354]Dedicated RRC signalling is provided to the UE (target UE) to indicate the information in each of the following bullets separately, when the information is available:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether the target UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data, TS38.214 table 4.1-1) of all the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, is the same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, is same as the target UE.
· The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE. The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)

Note: The terminology “the same DMRS sequence” in the above represents the same root DMRS sequence r(n) in TS38.211 Section 7.4.1.1.1.



We generally agree on the contents in the LS [6], except what is reflected by “The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s)”. As we know, 1024QAM requires extremely high SNR which is rarely co-existence with MU-MIMO. Whilst 256QAM is mandatory for 5G NR UE, hence, 256QAM would be the solo choice in reality in current circumstance.  Considering the network scheduler would apply lower modulation order to the MU-MIMO scheduling instances than the one in non MU-MIMO scheduling instances, it’s necessary to leave a room for lower modulation order, in this context, further update to the LS [6] is required.
Observation 1: 256QAM would be the only choice in reality according to what is reflected by “The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s)”in LS [6] 
Proposal 5: It’s proposed to send another LS to RAN2 to make further update to the relevant content in LS [6],on option update is recommended below 
· [bookmark: _GoBack]The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)

· 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 

DMRS port detection
In MU-MIMO scenarios, For R-ML receiver, R-ML demodulation is bonded to DMRS port blind detection. Given assistant DCI signalling index 1~5 indicating the specific modulation order, DMRS port blind detection reliability becomes the significant factor with regard to the overall demodulation performance. The DMRS port detection error such as missed detection or false detection of DMRS ports would fail the bonding MMSE-IRC or R-ML demodulation process. According to our simulation results shown in [4], DMRS port blind detection causes demodulation performance degradation especially in high SNR scenarios.
Observation 2: it’s observed that DMRS port detection error leads to performance loss, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error according to our simulation result captured in [4]
Therefore, we consider to increase DMRS port detection accuracy by joint signal power detection across multiple PRBs/PRGs, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
Observation 3: Joint signal power detection across multiple PRBs/PRGs can increase DMRS port detection accuracy, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
In order to apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port, it requires network signalling to indicate target UE whether it could perform signal power joint detection according to slot based scheduling outcome. Evidently DCI based signalling is the best choice to convey the indication if necessary. However, it seems impossible to get consensus on DCI signalling considering the timeline of the release 18 RAN1 spec. Moreover, we have to mention that RAN4  discussed on introducing RRC signalling of “FDRA resource allocation for the co-UE across different PRGs of the target UE”, it seemed hard to make consensus due to inflexible scheduler led by semi-static RRC signalling. 
In this situation, we would like to resort to MAC-CE command. In our understanding, MAC-CE command is a reasonable choice. MAC-CE command can adapt to change of scheduling outcome in a granularity of 10 ms, which can address concerns on inflexible scheduler to some extent.
Proposal 6: It’s proposed to 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.

2.3 UE capability definition
In RAN4 #108, following agreements were captured in the WF [2] for further discussion:

	Sub-topic 1-3 UE capability aspects 
Issue 1-3-1: Capability signalling for advanced receiver for MU-MIMO
· Supporting MU-MIMO advanced receiver is an optional feature with capability signaling
· On UE capability signalling details:
	Candidate contents of R-ML capability definition
	If defined, by capability signalling or by UE declaration
	Note

	R-ML with modulation order blind detection
	Option 1: By capability signalling
Option 2: By UE declaration
	

	Maximum number of layers of co-UE or total number of layers for joint detection
	Option 1: By capability signalling
Other options not precluded
	

	Maximum number of DMRS ports for blind detection
	Option 1: By capability signalling
Other options not precluded
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	Maximum modulation orders of interfering DMRS ports supported
	Option 1: By capability signalling
Other options not plecluded
	






We agree on general aspects of UE capability shown in the above table scanned from WF[2], and propose a few adjustments refected in the table below.
Table 2.3-1 adjustments to the required UE capability details
	Candidate contents of R-ML capability definition
	If defined, by capability signalling or by UE declaration
	Note

	R-ML with modulation order blind detection
	Option 1: By capability signalling
Option 2: By UE declaration
	

	Maximum number of layers of co-UE or total number of layers for joint detection
	Option 1: By capability signalling
Other options not precluded
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	Maximum number of DMRS ports for blind detection
	Option 1: By capability signalling
Other options not precluded
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	Maximum modulation orders of interfering DMRS ports supported
	Option 1: By capability signalling
Other options not plecluded

	



R-ML with modulation order blind detection: 
We agree to have UE capability signaling on R-ML modulation order blind detection, at least to indicate that UE is capable of MO BD to address the scenario indicated by DCI index 6. Furthermore UE is allowed to have different capability in the scenarios indicated by DCI index 6 and 7 respectively. Whereas whether the UE is capable to perform blind detection for the “else” scenarios indicated by DCI index 7 could be based on UE declaration instead of UE capability signaling. 
Proposal 7: UE is allowed to have optional capability of “R-ML with modulation order blind detection”,  It’s proposed to allow a type of UE to perform blind detection only to address the scenario indicated by DCI index 6, whereas the UE is not expected to perform blind detection for the “else” scenarios indicated by DCI index 7.
Proposal 8: We support UE capability signaling of R-ML modulation order blind detection to indicate UE is capable of MO BD to address the scenario indicated by DCI code point 6. Whereas whether the UE is capable to perform blind detection for the “else” scenarios indicated by DCI index 7 could be based on UE capability signaling or UE declaration.
Maximum number of layers of co-UE or total number of layers for joint detection: 
We support to have a new UE capability signalling to indicate maximum number of layers of co-UE or total layers for joint detection, we can compromise to link it with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e. the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH . 
Proposal 9: It’s proposed to have a new UE capability signalling to indicate maximum number of layers of co-UE or total layers for joint detection. We could also compromise to link Maximum number of layers across co-UEs for joint detection with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Maximum number of DMRS ports for blind detection: 
Generally, the UE should support detection on the maximum amount of candidate DMRS ports with respect to a specific DMRS type.
For instance, there are up to 8 candidate R15 DMRS ports for DMRS type 1, so that UE is required to perform DMRS ports blind detection out of the set of 8 R15 DMRS ports.At last meeting, RAN4 made consensus that R-ML receiver would also work under Rel-18 enhanced DMRS ports. With the amount of R18 DMRS ports extended up to 16 or 24, UE supporting R18 DMRS port is required to perform DMRS ports blind detection out of the set of 24 DMRS ports at most. This indeed would boost the burden of DMRS port detection. 
However given we have another UE capability like the Maximum number of layers of co-UE or total number of layers for joint detection, and we could not see the necessity of one more UE capability for Maximum number of DMRS ports for blind detection if the corresponding network behavior is not clear.
Proposal 10: It’s proposed target UE to support detection on the maximum amount of DMRS ports with respect to DMRS type. We don’t think an additional UE capability of “Maximum number of DMRS ports for blind detection” is necessary.
Maximum modulation orders of interfering DMRS ports supported:
We agree to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant DCI signaling or by blind detection.
From chip vender’s point of view, we assume network would not apply the modulation orders beyond target UE’s capability to any co-scheduled UE, otherwise it would lead to demodulation performance degradation. As UE blind detect interference DMRS ports, if an interference DMRS port with MO beyond the UE capability is selected following DMRS port BD, then UE will apply error candidate MOs  to conduct ML demodulation, it would result in demodulation performance deterioration.
Observation 4: it would result in demodulation performance degradation if an interference DMRS port with MO beyond the UE capability is selected following DMRS port BD.
Proposal 11: It’s proposed to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant signaling or by blind detection.
Proposal 12: It’s proposed to  assume network scheduler’s behavior not to apply the modulation orders beyond target UE’s capability to any co-scheduled UEs.
 
	Issue 1-4-2: Capability granularity and details for the R-ML capability signalling
· Candidate options:
· Option 1: Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability




The UE capability Maximum number of layers of co-UE or total number of layers for joint detection depends on specific EN-DC/CA band combinations.
Proposal 13: we support option 2 Introduce per CC per band per band combination (Per-FSPC) UE capability
3	Summary
We summarize our proposals and observations as follows:
Proposal 1: we support option 2, i.e to indicate the maximum number of layers that UE could handle via UE capability signaling.
Proposal 2: it’s proposed to have no more than 4 layers across UE layers and interference layers with respect to test requirements setup.

Proposal 3: With R18 DMRS ports extended up to 16 or 24, we still hold proposal 2. Moreover when the target UE doesn’t support R18 DMRS, it won’t be tested under interference layers associated with DMRS ports which is not included R15 basic DRMS ports.

Proposal 4: we agree there is no additional DMRS configuration restriction on DMRS type and length for R-ML. We agree on DMRS type 1 and maxlen= 1 with respect to test requirements setup .
Observation 1: 256QAM would be the solo choice in reality according to what is reflected by “The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s)”in LS [6] 
Proposal 5: It’s proposed to send another LS to RAN2 to make further update to the relevant content in LS [6],on option update is recommended below 
· The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)

· 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
Observation 2: it’s observed that DMRS port detection error leads to performance loss, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error according to our simulation result captured in [4]

Observation 3: Joint signal power detection across multiple PRBs/PRGs can increase DMRS port detection accuracy, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.

Proposal 6: It’s proposed to 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.

Proposal 7: UE is allowed to have optional capability of “R-ML with modulation order blind detection”,  It’s proposed to allow a type of UE to perform blind detection only to address the scenario indicated by DCI index 6, whereas the UE is not expected to perform blind detection for the “else” scenarios indicated by DCI index 7.
Proposal 8: We support UE capability signaling of R-ML modulation order blind detection to indicate UE is capable of MO BD to address the scenario indicated by DCI code point 6. Whereas whether the UE is capable to perform blind detection for the “else” scenarios indicated by DCI index 7 could be based on UE capability signaling or UE declaration.

Proposal 9: It’s proposed to have a new UE capability signalling to indicate maximum number of layers of co-UE or total layers for joint detection. We could also compromise to link Maximum number of layers across co-UEs for joint detection with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.

Proposal 10: It’s proposed target UE to support detection on the maximum amount of DMRS ports with respect to DMRS type. We don’t think an additional UE capability of “Maximum number of DMRS ports for blind detection” is necessary.
Observation 4: it would result in demodulation performance degradation if an interference DMRS port with MO beyond the UE capability is selected following DMRS port BD.
Proposal 11: It’s proposed to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant signaling or by blind detection.
Proposal 12: It’s proposed to assume network scheduler’s behavior not to apply the modulation orders beyond target UE’s capability to any co-scheduled UEs.
Proposal 13: we support option 2 Introduce per CC per band per band combination (Per-FSPC) UE capability
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