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Introduction
	Agreements from RAN1 #103-e R1-2009731 [1]

Agreement
For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information
· Non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”
· FFS : Whether beam indication enhancement is needed in addition to QCL -info enhancement
· FFS : Whether the association is explicit or implicit
Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information



In this contribution, we provide our views on several items related to the inter-cell multi-TRP operation based on the set of agreements from RAN1 #103-e [1].

QCL enhancements for inter-cell multi-TRP
1 
2 
Perhaps the most important enhancement over the Rel. 16 QCL/TCI framework for the inter-cell multi-TRP transmission pertains to the scenario when at least one coordinating TRP is not presented with a valid serving cell ID (SCI). Without a valid SCI, the SSBs from the non-serving cell TRP cannot be used as the QCL source/reference as they cannot be inferred from the TCI-State/QCL-Info in the current TCI framework. Reusing the Rel. 16 TCI framework to indicate the SSBs from the serving-cell TRP as the QCL source for the TRS from the non-serving cell TRP could be problematic because the two TRPs are not geographically co-located. In Figure 1, an example of the inter-cell multi-TRP operation under the non-CA framework is presented assuming two coordinating TRPs (serving-cell TRP-1 and non-serving-cell TRP-2). As illustrated in Figure 1, the RSs, e.g., SSBs, transmitted from the serving cell TRP-1 cannot be used as the spatial QCL source (type-D) for the downlink channels, e.g., TRS, transmitted from TRP-2 because the two TRPs are typically not geographically co-located. As long as the UE can identify the non-serving cell RS from the indicated TCI state/QCL-Info, the UE can follow the corresponding QCL parameters to, e.g., decode the PDSCH transmitted from the non-serving cell TRP.  


Figure 1. An illustrative example of inter-cell multi-TRP operation
There are various ways to enhance the QCL framework, allowing the indication of a non-serving cell RS as a QCL source RS. For example, a non-serving cell PCI/TRP ID can be associated with the corresponding TCI state/QCL-Info or, alternatively, the non-serving cell RS can be re-indexed in the corresponding TCI state/QCL-Info to differentiate from the serving cell RS (index). When determining appropriate means to identify a non-serving cell RS in the TCI state/QCL-Info, various factors such as, signaling overhead, payload variation, and RAN2 impact, should be taken into account. Further, for QCL-typeD, the SSB from the non-serving cell TRP should be the root QCL source RS for the downlink channels, e.g., TRS, from the non-serving cell TRP. In the last meeting (RAN1 #103-e), CSI-RS for mobility was proposed as another candidate QCL source RS for the non-serving cell. From our understanding, the CSI-RS for mobility targets at a different deployment scenario, which is not suited for the multi-TRP operation here. Hence, we propose the following regarding the QCL enhancements for the inter-cell multi-TRP operation.
Proposal 1: Support configuring/indicating the non-serving cell RS in TCI state/QCL-Info as the QCL source RS
· Determine appropriate means to identify the non-serving cell RS in the corresponding TCI state/QCL-Info, taking into account signaling overhead, payload variation, and RAN2 impact.
· For QCL-typeD, support SSB from the non-serving cell TRP as the root QCL source RS for the downlink channels from the non-serving cell TRP
Due to the propagation delay difference and the true timing offset between the coordinating TRPs in the inter-cell setting, the time difference between the received DL signals from the coordinating TRPs could be larger than the CP length. Even assuming a zero true timing offset between the TRPs (“synchronized”), their propagation delay difference alone could still result in larger-than-CP-length multi-TRP signals. In the past RAN1 meetings, no consensus can be made regarding this issue. One of the major concerns was about the increased UE complexity in simultaneously receiving the larger-than-CP-length multi-TRP signals. From our view, in terms of the UE implementation complexity, it should be assumed that the UE would always expect that the DL receptions are within the CP length. The propagation delay difference between the TRPs, however, could still be assumed as larger than the CP length (e.g., for certain UEs/positions). The true timing offset between the TRPs could be assumed as zero, which would alleviate the network implementation complexity in enforcing the “synchronization”. According to the above, 
Proposal 2: Synchronization assumptions for the inter-cell multi-TRP operation
· At least the propagation delay difference between the coordinating TRPs can be beyond the CP length.
· The UE would always assume/expect that the time difference between the received multi-TRP signals is within the CP length

Measurement and reporting enhancements for inter-cell multi-TRP
In addition to the QCL enhancements discussed above, the scope of the enhancements also includes facilitation of measuring the non-serving cell RS and reporting to the network the beam measurement results for the non-serving cell TRP. First of all, the UE can be configured by the serving cell necessary non-serving cell RS information. For instance, the non-serving cell RS information for SSB should include SSB SCS, SSB periodicity and SSB time-frequency resource allocation. Such information can be configured through the existing parameters such as SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject. In addition to those presented in SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject, other SSB information such as transmit power, the total number of SSBs, and etc. can also be incorporated into the non-serving cell RS information.  
Further, to exploit the full potential of the inter-cell multi-TRP operation, the L1 based beam measurement and reporting should be supported for the non-serving cell RS. That is, the UE would perform L1 measurements on both the serving cell RSs and the non-serving cell RSs, and the corresponding beam metric can be L1-RSRP or L1-SINR. The UE then reports to the network resource indicators such as SSBRIs for both the serving cell and the non-serving cell. The UE can be configured to measure the RSs from more than one non-serving cell TRPs, but only report to the network the measurement results of a subset of the total non-serving cell TRPs. The UE can report in a single reporting instance the resource indicators, e.g., SSBRIs, for both the serving cell and a subset of the configured non-serving cell(s) along with their measured beam metrics such as L1-RSRPs or L1-SINRs. If the number of non-serving cells in the subset can be dynamically selected, the Rel. 15 two-part CSI reporting can be reused. Here, part 1 is of a fixed payload size and used to identify/indicate the size of the payload in part 2 (which includes the beam metrics associated with the variable number of non-serving cells). 
Proposal 3: On L1 measurement and reporting for the non-serving cell RS
· The serving cell configures the non-serving cell RS information
· UE measures and reports the non-serving cell RS, wherein the measurement report includes a measurement quantity/beam metric such as L1-RSRP or L1-SINR and a resource indicator such as SSBRI for the non-serving cell RS
Proposal 4: UE reports in a single reporting instance a two-part beam report using the Rel. 15 two-part CSI: 
part 1 is of a fixed payload size and used to identify/indicate the size of the payload in part 2
· Part 1 of the beam report contains measurement results for the serving cell and information about the selected subset of the non-serving cells
· Part 2 of the beam report contains measurement results for the selected subset of the non-serving cells
Conclusion
In this contribution, we provide the following proposals regarding Rel. 17 inter-cell multi-TRP enhancements: 
Proposal 1: Support configuring/indicating the non-serving cell RS as the QCL source RS
· Determine appropriate means to identify the non-serving cell RS in the corresponding TCI state/QCL-Info, taking into account signaling overhead, payload variation, and RAN2 impact.
· [bookmark: _GoBack]For QCL-typeD, support SSB from the non-serving cell TRP as the root QCL source RS for the downlink channels from the non-serving cell TRP
Proposal 2: Synchronization assumptions for the inter-cell multi-TRP operation
· At least the propagation delay difference between the coordinating TRPs can be beyond the CP length.
· The UE would always assume/expect that the time difference between the received multi-TRP signals is within the CP length
Proposal 3: On L1 measurement and reporting for the non-serving cell
· The serving cell configures the non-serving cell RS information
· UE measures and reports the non-serving cell RS, wherein the measurement report includes a measurement quantity/beam metric such as L1-RSRP or L1-SINR and a resource indicator such as SSBRI for the non-serving cell RS
Proposal 4: UE reports in a single reporting instance a two-part beam report using the Rel. 15 two-part CSI: 
part 1 is of a fixed payload size and used to identify/indicate the size of the payload in part 2
· Part 1 of the beam report contains measurement results for the serving cell and information about the selected subset of the non-serving cells
· Part 2 of the beam report contains measurement results for the selected subset of the non-serving cells
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