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1	Introduction
During the last meeting’s discussion, companies agreed on the Bit Value and the content of the DCI-based signaling to reduce the UE complexity. An LS [1] was approved and sent to RAN1 for their review. Within this LS [1], the purpose and the content of this proposed DCI-based signaling were specified so then RAN4 will wait for the reply from RAN1. 
Besides the DCI-based signaling mentioned above, there was also discussions on the proposal of additional RRC-based signaling to assist UE knowing the validity of several pre-assumptions for applying R-ML receiver. Meanwhile, there is a need on discussing the UE capability along with proposed network assistance signaling so that it is clear what the UE is expected to do after receiving such signaling. 
In this contribution, we shared our views on each required information that are not included by the proposed DCI-based signaling, and then discussed whether a dedicated bit is needed. Followed by the discussion on the related UE capability and signaling.
2	Discussion
2.1 Required information and the corresponding signaling
For each of the required information for the target UE to apply R-ML receiver, companies reached corresponding initial agreements on whether of which needs a dedicate RRC bit to signal the validity of the pre-assumption. If the dedicated RRC bit is considered to be introduced, then we should also decide whether separate UE capability is needed.
According to the agreed WF [2], the following table summarized other required information except the modulation order of the co-scheduled UE for both R-ML and E-IRC:
Table 2.1-1 Discussion outcome of required information
	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
	



For the next we analyzed parameters/assumptions in the table above that are not having a clear agreement.
The DMRS port information for the co-scheduled UE
It is very important for the target UE to know the DMRS port information of the co-scheduled UE as the E-IRC and R-ML receivers both need to consider the interferer channel estimates. 
According to the approved WF [2] in the last meeting, it’s agreed that the DMRS port information for the co-scheduled UE will be blind detected by the target UE without any additional network assistance signaling, which we think is reasonable since the co-scheduled UE DMRS port information is dynamically changing slot by slot so that the RRC-based signaling might not be able to help. Furthermore, many bits will be needed for carrying DMRS port information for the network assistance signaling, which will result in unacceptable bit overhead.
In this case, we don’t think it is necessary and feasible to introduce additional RRC/DCI-based network assistance signaling for the co-scheduled UE DMRS port information.
Proposal 1: Do not introduce additional RRC/DCI-based network assistance signaling for the DMRS port information of the co-scheduled UE.
RS location information of the co-scheduled UE
According to the WF [2], companies agreed to have the following assumption:
	· UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE



This is the network’s responsibility that the PDSCH of target UE shall not be overlapped with CSI-RS configured for the co-scheduled UE(s) otherwise CSI estimation(s) for co-scheduled UE(s) are not accurate due to the interference from PDSCH. Meanwhile, we found this parameter/assumption is not the decisive condition for applying the R-ML receiver, which means that the UE does not need to fall back to the MMSE-IRC receiver even if the assumption above is not valid. Therefore, we think it is not necessary to introduce related RRC signaling for the validity of this assumption.
Proposal 2: Do not introduce RRC based signaling to inform UE whether the default assumption of CSI-RS location is valid.
2.2 UE capability definition
In RAN4 #107, since companies focused on the DCI-based network assistance signaling, we haven’t dug deeply for the UE capability. Following agreement was captured in the WF [2] for further discussion:
	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



RAN4 UE demodulation requirements are set based on the certain receiver algorithm assumptions such as MMSE-IRC or Maximum Likelihood receiver, however the UE can implement any receiver algorithm as far as it fulfills the requirements. In this sense, there could be enough to introduce a single Rel-18 MU-MIMO receiver capability, that is, UE can implement either E-IRC or R-ML as far as it fulfills the requirements. On top of that, like Rel-17 CRS-IM receiver, it is beneficial from NW point of view to define two different receiver types: one is capable of the blind detection of co-scheduled UE modulation order; another is not capable of the blind detection of co-scheduled UE modulation order. The main reason is RAN4 agreed to ask RAN1 to define DCI-based NW assistance signaling. If UE is capable of blind detection of co-scheduled UE modulation order, NW does not need to send the modulation order information, which saves a few bits in DCI, and this will increase the reliability of control signal reception. 
Proposal 3: Introduce per CC per band per band combination (Per-FSPC) UE capabilities for Rel-18 MU-MIMO receivers as follows:
· UE supporting Rel-18 MU-MIMO receiver with the blind detection of co-scheduled UE modulation order
· UE supporting Rel-18 MU-MIMO receiver without the blind detection of co-scheduled UE modulation order

In our understanding, the computational complexity of the R-ML receiver depends on 1) channel bandwidth, 2) the number of co-scheduled UE DMRS ports (MIMO layers), and 3) modulation order. For example, there are significant complexity difference between the case the co-scheduled UEs are scheduled with {5MHz CBW, 1 DMRS port, QPSK}, and the case the co-scheduled UEs are scheduled with {100MHz CBW, 4 DMRS ports, 1024QAM}. If we assume the UE decides the reported capability based on the worst case, we concern this may give the UE less opportunity to apply the advanced MU-MIMO receiver. We therefore think it is beneficial to introduce additional capability with
· Maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.   
· Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.
Regarding the maximum number of interfering DMRS ports, however, in our understanding, this can be limited by the UE capability maxNumberMIMO-LayersPDSCH, that is, if UE reports maxNumberMIMO-layersPDSCH=fourLayers (4) and target UE is scheduled with 2 layers, the UE should be able to mitigate 2 DMRS ports for co-schedule UEs. With this interpretation, UE does not need to signal the maximum number of interfering DMRS ports. 
On the other hand, we think it is beneficial to report the maximum modulation order UE can support. For example, some UE wants to limit the maximum modulation order of co-scheduled UE up to 64QAM (instead of 256QAM or 1024QAM) for wider CBW such as 100MHz. This information is also beneficial for NW to schedule the paring of UEs. 
Proposal 4: Introduce a per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO receivers as follows:
· Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.

Proposal 5: RAN4 assume the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.

2.3 UE assistance information
RAN2 defines UE Assistance Information (UAI) signaling in TS 38.331 5.7.4 where UE can inform the network its preference of capabilities. One of the examples of UAI is the maximum number of MIMO layers. With this signaling, UE can report that it prefers to temporarily reduce the number of maximum MIMO layers when UE wants to save battery (Figure 1) or protect from the overheating (Figure 2). 
UEAssistanceInformation-v1610-IEs ::= SEQUENCE {
    idc-Assistance-r16                  IDC-Assistance-r16                  OPTIONAL,
    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releasePreference-r16               ReleasePreference-r16               OPTIONAL,
    sl-UE-AssistanceInformationNR-r16   SL-UE-AssistanceInformationNR-r16   OPTIONAL,
    referenceTimeInfoPreference-r16     BOOLEAN                             OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v1700-IEs   OPTIONAL
}
[bookmark: _Ref142318817]Figure 1	UE assistance information for power saving (TS 38.331)
UEAssistanceInformation-v1540-IEs ::= SEQUENCE {
    overheatingAssistance               OverheatingAssistance               OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v1610-IEs   OPTIONAL
}

OverheatingAssistance ::=           SEQUENCE {
    reducedMaxCCs                       ReducedMaxCCs-r16                   OPTIONAL,
    reducedMaxBW-FR1                    ReducedMaxBW-FRx-r16                OPTIONAL,
    reducedMaxBW-FR2                    ReducedMaxBW-FRx-r16                OPTIONAL,
    reducedMaxMIMO-LayersFR1            SEQUENCE {
        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR1-UL            MIMO-LayersUL
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2            SEQUENCE {
        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL            MIMO-LayersUL
    } OPTIONAL
}
[bookmark: _Ref142318890]Figure 2	UE assistance information for overheating protection (TS 38.331)
As we proposed in the previous section, if RAN4 agrees that the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver depends on the UE capability maxNumberMIMO-LayersPDSCH, it is straightforward that the Rel-18 MU-MIMO receiver capability can be aligned with the reported preferred maximum MIMO layers. For example, if UE reports maxMIMO-LayerPreference-r16=2, we can interpret the UE can 1) receive PDSCH with two layers without co-scheduled UE interference mitigation, or 2) receive PDSCH with 1 MIMO layer and mitigate one co-scheduled UE DMRS port. Alternatively, RAN4 should introduce a dedicated UE assistance information to inform the preferred total maximum MIMO layers for Rel-18 MU-MIMO receiver for both power saving purpose and overheating protection purposes. 
Proposal 6: UE can report its preference of the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO.
· Option 1: Reuse the existing IEs: maxMIMO-LayerPreference-r16 or reducedMIMO-LayersFR1-DL. The preferred maximum DMRS ports are derived by subtracting the scheduled MIMO layers for the target UE from maxMIMO-LayerPreference-r16/reducedMIMO-LayersFR1-DL.
· Option 2: Introduce a dedicated UE assistance information to inform the preferred total maximum MIMO layers for Rel-18 MU-MIMO receivers for both power saving purpose and overheating protection purposes.

3	Summary
In summary, we provided our views on each required information that are not included by the proposed DCI-based signaling. Followed by the discussion on the related UE capability and signaling. We summarized our proposals as follows:
Proposal 1: Do not introduce additional RRC/DCI-based network assistance signaling for the DMRS port information of the co-scheduled UE.
Proposal 2: Do not introduce RRC-based signaling to inform UE whether the default assumption of CSI-RS location is valid.
Proposal 3: Introduce per CC per band per band combination (Per-FSPC) UE capabilities for Rel-18 MU-MIMO receivers as follows:
· UE supporting Rel-18 MU-MIMO receiver with the blind detection of co-scheduled UE modulation order
· UE supporting Rel-18 MU-MIMO receiver without the blind detection of co-scheduled UE modulation order
Proposal 4: Introduce a per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO receivers as follows:
· Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.

Proposal 5: RAN4 assume the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Proposal 6: UE can report its preference of the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO.
· Option 1: Reuse the existing IEs: maxMIMO-LayerPreference-r16 or reducedMIMO-LayersFR1-DL. The preferred maximum DMRS ports are derived by subtracting the scheduled MIMO layers for the target UE from maxMIMO-LayerPreference-r16/reducedMIMO-LayersFR1-DL.
· Option 2: Introduce a dedicated UE assistance information to inform the preferred total maximum MIMO layers for Rel-18 MU-MIMO receivers for both power saving purpose and overheating protection purposes.
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