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Introduction
In RAN1 #102-e meeting, the following agreement of Multi-TRP inter-cell operation has been endorsed [1].
	Study the following aspects of QCL /TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation.
· Details on configuration of non-serving cell RS;
· Allowed source and target RS types for RS transmitted from the non-serving cell TRP ;
· Allowed QCL types for RS transmitted from the non-serving cell TRP ;
· Measurement and reporting related to QCL /TCI enhancement except for that in 8.1.1, if any;
· Clarification on potential UE behavior for associating/multiplexing non-serving cell RS with other RS/channels;
· Other details not precluded.


In this contribution, our views on the related aspects are provided.
Discussion
Details on QCL/TCI-related enhancement of Multi-TRP inter-cell operation
2.1.1 Neighbor cell SSB and CSI-RS for mobility as QCL source
For Multi-TRP deployment based on inter-cell operation, when UE receives signals (e.g., PDSCH or TRS) from a neighbor cell, the corresponding QCL source RS from the neighbor cell should be configured in a TCI state. In current specification, the typical RS UE measures from neighbor cell includes SSB and CSI-RS for mobility. Both SSB and CSI-RS for mobility from neighbor cell can be the QCL source. However, SSB and CSI-RS in a TCI state can only be from the serving cell according to Rel-15/16 specification.
In order to introduce SSB from a neighbor cell as a QCL source in a TCI state, some information of the neighbor cell should be indicated such as PCI, center frequency of SSB, SCS (subcarrier spacing), etc, otherwise it is not possible to identify a unique SSB from neighbor cell.
· PCI
· PCI is used to identify the physical cell identity of the neighbor cell. Without it, SSB cannot be determined.
· Center frequency of SSB
· As shown in Figure 1 where two SSBs in different frequencies can be configured with the same PCI. To identify the unique SSB of a neighbor cell, center frequency of SSB is also needed.
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Figure 1	SSBs in different frequency can be with the same PCI
· SCS
· Since SCS of SSB in different neighbor cells can be different, if the SSB comes from the physical cell of the coordinated neighbor cell, SCS of the SSB should be informed to UE as well.
· Some other parameters to assist UE identifying the SSB from the neighbor cell, such as SMTC
Due to the neighbor cell information, i.e. MeasObjectNR for mobility measurement are always configured in RRC connection state, we do not need to repeatedly configure all above parameters of a neighbor cell. Specifically, all parameters including PCIs of multiple neighbor cells, ARFCN-ValueNR for center frequency, SCS, etc., are included in MeasObjectNR configured for each UE, each of which is identified by MeasObjectID. Thus, in order to associate a TCI state with a SSB from a neighbor cell, MeasObjectId and PCI are sufficient.
For CSI-RS for mobility from neighbor cell, a similar approach can be used to identify the correct resource as QCL source.
Proposal 1: Support SSB and CSI-RS for mobility from the neighbor cell to be used as the QCL source.
- Configure MeasObjectId and PCI to identify the SSB and CSI-RS from a neighbor cell.

For multi-DCI based Multi-TRP operation, the maximum number of TRPs is two. When it comes to the inter-cell deployment, it is natural that one of the two TRPs is deployed in the serving cell, and the other TRP is deployed in the neighbor cell. Correspondingly, the detailed configuration in TCI states from serving cell and neighbor cell should be different, which is shown in Figure 2.
[image: ]
Figure 2	UE receives SSBs from serving cell and neighbor cell of Multi-TRP inter-cell operation
In order to support the utilization of SSBs from the neighbor cell TRP as the QCL source, all TCI states should be split into two groups, where each of them is associated with serving cell or neighbor cell. Furthermore, in Rel-16 NR eMIMO, the parameter CORESETPoolIndex has been introduced to support multi-DCI based MTRP configurations, such as separate HARQ-ACK, power control, etc. To better support inter-cell MTRP operation in NR Rel-17, the parameter CORESETPoolIndex should be associated with the TCI groups. In more detail, CORESETPoolIndex =0 corresponds to the serving cell and CORESETPoolIndex =1 corresponds to the neighbor cell. In this way, UE would know which cell or group of TCI states is associated with which data stream of the two TRPs. Otherwise, the multi-DCI based MTRP features in Rel-16 cannot work together with the Multi-TRP inter-cell enhancements.
Proposal 2: All TCI states should be split into two groups corresponding to the serving cell and the neighbor cell respectively.
- Each group is associated with a CORESETPoolIndex value.

2.1.2 Neighbor cell TRS as QCL source
In the current specification, the whole TCI indication framework is TRS centric. TRS is the major RS for UE to track different types of QCL parameters. Hence it is necessary to track TRS from neighbor cell as QCL source as well. As virtual cell ID of TRS can be configured by gNB flexibly, the only issue we identify to configure neighbor cell TRS as QCL source is slot number in sequence generation.
In the current specifications, UE assumes the sequence generation for TRS with the following two formulas [2].



where  is the slot number within a radio frame.
As shown in Figure 3, UE 1 may receive TRS 1 from the serving cell and TRS 2 from the neighbor cell in the scenario of Multi-TRP inter-cell operation. Meanwhile, TRS 2 is also configured by the neighbor cell and to be received by UE 2 which only connects with the neighbor cell. Moreover, slot index associated to TRS 1 is denoted as x and slot index associated to TRS 2 is denoted as y. Due to the configuration of serving cell and neighbor cell is irrelevant in some scenarios, the configured values of x and y are mutually independent. Furthermore, UE 1 can report frame timing difference between serving cell and neighboring cell in a L3 measurement reporting according to TS38.331. The frame timing difference between serving cell and neighbor cell is smaller than 5ms according to the description in TS 38.211 as shown in following table. Correspondingly, the slot number  of serving cell and neighbor can be different in some scenarios. Besides, it also brings the same more flexibility as CA operation, because the slot offset between serving cells to align SFI configuration between serving cells has been informed.
	[bookmark: _Toc19796447][bookmark: _Toc36026582][bookmark: _Toc29230323][bookmark: _Toc26459673]TS 38.211, Subclause 6.3.3.2	Mapping to physical resource
<Omitted Part>
For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.
<Omitted Part>


If UE 1 assumes the sequence generation for neighbor cell TRS 2 based on the serving cell , the neighbor cell TRP must transmit TRS 2 based on slot index of the serving cell. In such case, TRS 2 cannot be shared between UE 1 and some other UEs (such as UE 2 in Figure 3) connected to the neighbor cell. In order to address this issue, sequence generations for TRS from serving cell and TRS from neighbor cell should be based on its respective slot index  as shown in Figure 3, i.e., the TRS used as TCI source from neighbor cell should generate the sequence based on the slot index from neighbor cell.
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Figure 3	TRS with respective SFN of Multi-TRP inter-cell operation
Then, we make the following proposal:
Proposal 3: Support neighbor cell TRS as the QCL source in TCI, where the sequence generation of the neighbor cell TRS is based on slot index of neighbor cell.
Further opinions on UL/DL synchronization assumptions
Regarding the issue about UL and DL synchronization assumptions, it has been discussed in previous RAN plenary meeting and then has been precluded during the drafting process of the WID. Further, due to the limited time budget and the large scope for the current Rel-17 NR FeMIMO, we prefer to deprioritize this issue compared with QCL/TCI-related enhancement as described in section 2.1.
Proposal 4: In Rel-17, deprioritize the discussion of the issue about UL and DL synchronization assumptions.

Conclusions
Based on the above discussion, we have following proposals.
Proposal 1: Support SSB and CSI-RS for mobility from the neighbor cell to be used as the QCL source.
[bookmark: _GoBack]- Configure MeasObjectId and PCI to identify the SSB and CSI-RS from a neighbor cell.
Proposal 2: All TCI states should be split into two groups corresponding to the serving cell and the neighbor cell respectively.
- Each group is associated with a CORESETPoolIndex value.
Proposal 3: Support neighbor cell TRS as the QCL source in TCI, where the sequence generation of the neighbor cell TRS is based on slot index of neighbor cell.
Proposal 4: In Rel-17, deprioritize the discussion of the issue about UL and DL synchronization assumptions.
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