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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1] and further revised in [2], which includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework

Rel. 16 mTRP enhancements only supports intra-cell operation. This is because for the case of inter-cell multi-TRP operation, SSBs of the second TRP cannot be used as a QCL source as they are transmitted with a different PCI and UE is only aware of one PCI in the serving cell. In fact, the issue was discussed even during Rel. 16, but there was not enough time to specify the required enhancements to support the inter-cell operation case. In this contribution, we discuss the aspects related to inter-cell multi-TRP operation including QCL / spatial relation info and PL RS enhancements for DL / UL, respectively. 
Discussions
[bookmark: o2]The following were agreed in the previous meetings:
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit

Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit

A couple of clarifications are required for the above agreements. First, it should be clarified whether center frequency and subcarrier spacing of the non-serving cell SSB should be the same as that of the serving cell SSB. In fact, this is agreed in item 1 (multi-beam enhancements) for the case of intra-frequency scenario. In addition, it should be clarified whether the SFN should be assumed the same between serving cell and non-serving cell. Theses may be already implied from the agreements (as the non-serving cell SSB information does not include these), but we prefer the clarifications above to avoid ambiguity. Second, it should be clarified what “time domain position” refers to in the above agreement. In our understanding, this includes both halfFrameIndex (to identify in which half frame the SSBs are located) as well as ssb-PositionsInBurst (which is needed for the greed rate matching behavior). Hence, we propose:
[bookmark: _Hlk61723156]Proposal 1: For non-serving cell SSB information 
· The SSBs of non-serving cell have the same center frequency and SCS as the SSBs of the serving cell, and are associated with the same SFN.
· The information related to “SSB time domain position” for non-serving cell SSB consists of
· halfFrameIndex
· ssb-PositionsInBurst

The following was agreed in the previous meeting:
Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States

Regarding the value of X, we are ok with any value up to 7 as long as UE can indicate the max X value supported for the aligned and unaligned SSBs between serving cell PCI and additional RRC-configured PCI. This is because the UE complexity in terms of rate matching or even in terms of L1-RSRP measurements could be different for the aligned and unaligned cases.
Proposal 2: Value of X (additional RRC-configured PCIs  per CC) can be 1, 2, .., 7, and the UE indicates the supported value of X separately for
· Aligned SSBs: SSB time domain positions and periodicity are exactly the same among the additional RRC-configured PCIs and same as serving cell PCI
· Unaligned SSBs: SSB time domain positions or periodicity of a additional RRC-configured PCI is not exactly the same as serving cell PCI

When SSB of the non-serving cell is used in QCL-Info to define the TCI state, DL beam is based on the non-serving cell SSB. If UL spatial relation / PL-RS is not enhanced similarly, it becomes unclear how PUCCH/PUSCH/SRS can be transmitted toward the corresponding TRP for multi-DCI based multi-TRP. Of course, one possibility is to always rely on CSI-RS for spatial relation info / PL-RS. However, this requires additional overhead and reduces the flexibility since the option of using SSB to indicate UL beam and PL-RS is effectively removed for the second TRP. In addition, in RAN #92e, it is agreed that inter-cell multi-TRP operation should be based on Rel-15/16 TCI framework, which means that unified TCI state (for both DL and UL) cannot be used for this purpose in Rel. 17. Hence, UL spatial relation / PL-RS should be enhanced accordingly. 
The required enhancements for this purpose are basically the same as the enhancements for QCL-Info. That is, when SSB is used as reference signal in each of the SRS-SpatialRelationInfo, PUCCH-SpatialRelationInfo, PUCCH-PathlossReferenceRS, PUSCH-PathlossReferenceRS, and pathlossReferenceRS under SRS-ResourceSet the corresponding IE can indicate whether the SSB-Index is associated with the serving cell or is associated with non-serving cell. For example, this is shown below for SRS-SpatialRelationInfo. Similar to the case of QCL-Info, this is an example of configuration and the detailed design for RRC configuration is up to RAN2.
SRS-SpatialRelationInfo ::=     SEQUENCE {
    servingCellId                       ServCellIndex                          OPTIONAL,   -- Need S
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
		ssb-nonserving						SSB-Index
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}

Proposal 3: When SSB is used as reference signal in SRS-SpatialRelationInfo, PUCCH-SpatialRelationInfo, PUCCH-PathlossReferenceRS, PUSCH-PathlossReferenceRS, and pathlossReferenceRS under SRS-ResourceSet, the configuration indicates whether the SSB-Index is associated with the serving cell PCI or the other PCI. 
· RRC signalling details are up to RAN2 to decide. 

Finally, there are a number of UL-related procedures that are function of which symbols are SSBs (as indicated by RRC param ssb-PositionsInBurst) in TDD systems:
· [bookmark: _Hlk68394937]Procedure 1: When SSB overlaps with UL channel/RS, UE does not transmit the UL channels/RS [38.213, Section 11.1].
· Procedure 2: UE does not expect the set of SSB symbols (indicated by ssb-PositionsInBurst) to indicated as uplink symbols either semi-statically or dynamically (by SFI) [38.213, Section 11.1 and Section 11.1.1].
· Procedure 3: SSB symbols are assumed to be invalid symbols in a nominal repetition for PUSCH repetition Type B [38.214, Section 6.1.2.1].
· Procedure 4: For determination of the  slots in the case of PUCCH repetition, i.e., a slot is not counted toward the  slots if the PUCCH resource in that slot overlaps with a SSB [38.213, Section 9.2.6].

In the case of inter-cell multi-TRP operation, a second ssb-PositionsInBurst is configured to the UE associated with non-serving cell SSBs, which is anyway needed for the PDSCH rate matching agreement discussed above. Then, the question is that how the non-serving cell SSBs should be treated with respect to the UL-related Procedures 1-4 above. At high-level there are two options:
· Option 1: Same behaviour as serving cell SSBs are followed also for the non-serving cell SSBs, i.e., UE does not transmit any UL signal/channel in the symbols indicated by the non-serving cell ssb-PositionsInBurst.
· Option 2: UE can transmit UL signal/channel in the symbols indicated by the non-serving cell ssb-PositionsInBurst. This may be irrespective of association of the UL signal/channel associated with the serving cell PCI or non-serving cell PCI, or this behaviour is only followed for the UL signal/channel associated with the serving cell PCI.

It should be noted that in the case of Option 2 above, the fact that non-serving cell TRP cannot transmit and receive at the same time in TDD systems (TRPs are not full-duplex) should be considered. As a result, in the symbols of the non-serving cell SSBs, at least UL signal/channel associated with the non-serving PCI should not be transmitted, and Option 2 should be only applicable to the UL signal/channel associated with the serving cell PCI.
Proposal 4: In the set of symbols indicated to a UE by non-serving cell ssb-PositionsInBurst,
· Option 1: The UE does not transmit any UL signal/channel.
· Option 2: The UE can only transmit UL signal/channel associated with the serving cell PCI.
· Further study the impact on the following Rel. 15/16 procedures based on a selected option from Option 1 or 2 above:
· Procedure 1: When SSB overlaps with UL channel/RS, UE does not transmit the UL channels/RS [38.213, Section 11.1].
· Procedure 2: UE does not expect the set of SSB symbols to indicated as uplink symbols either semi-statically or dynamically (by SFI) [38.213, Section 11.1 and Section 11.1.1].
· Procedure 3: SSB symbols are assumed to be invalid symbols in a nominal repetition for PUSCH repetition Type B [38.214, Section 6.1.2.1].
· Procedure 4: For determination of the  slots in the case of PUCCH repetition, i.e., a slot is not counted toward the  slots if the PUCCH resource in that slot overlaps with a SSB [38.213, Section 9.2.6].

Conclusion 
In this contribution, we proposed:
Proposal 1: For non-serving cell SSB information 
· The SSBs of non-serving cell have the same center frequency and SCS as the SSBs of the serving cell, and are associated with the same SFN.
· The information related to “SSB time domain position” for non-serving cell SSB consists of
· halfFrameIndex
· ssb-PositionsInBurst

Proposal 2: Value of X (additional RRC-configured PCIs  per CC) can be 1, 2, .., 7, and the UE indicates the supported value of X separately for
· Aligned SSBs: SSB time domain positions and periodicity are exactly the same among the additional RRC-configured PCIs and same as serving cell PCI
· Unaligned SSBs: SSB time domain positions or periodicity of a additional RRC-configured PCI is not exactly the same as serving cell PCI

Proposal 3: When SSB is used as reference signal in SRS-SpatialRelationInfo, PUCCH-SpatialRelationInfo, PUCCH-PathlossReferenceRS, PUSCH-PathlossReferenceRS, and pathlossReferenceRS under SRS-ResourceSet, the configuration indicates whether the SSB-Index is associated with the serving cell PCI or the other PCI. 
Proposal 4: In the set of symbols indicated to a UE by non-serving cell ssb-PositionsInBurst,
· Option 1: The UE does not transmit any UL signal/channel.
· Option 2: The UE can only transmit UL signal/channel associated with the serving cell PCI.
· Further study the impact on the following Rel. 15/16 procedures based on a selected option from Option 1 or 2 above:
· Procedure 1: When SSB overlaps with UL channel/RS, UE does not transmit the UL channels/RS [38.213, Section 11.1].
· Procedure 2: UE does not expect the set of SSB symbols to indicated as uplink symbols either semi-statically or dynamically (by SFI) [38.213, Section 11.1 and Section 11.1.1].
· Procedure 3: SSB symbols are assumed to be invalid symbols in a nominal repetition for PUSCH repetition Type B [38.214, Section 6.1.2.1].
· Procedure 4: For determination of the  slots in the case of PUCCH repetition, i.e., a slot is not counted toward the  slots if the PUCCH resource in that slot overlaps with a SSB [38.213, Section 9.2.6].
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