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[bookmark: _Ref32248407]Introduction
In [1], it is agreed to extend specification support for multi-TRP deployment, targeting both FR1 and FR2 with the detailed objectives as follows.
1. 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

Furthermore, in RAN1#102-e [2], the following agreement was reached:
	R1-2007313	Feature lead summary on Enhancements on Multi-TRP inter-cell operation	Moderator (vivo)
Agreement
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 paper, we share our views on item 2b, which relates to QCL/TCI-related enhancements to enable inter-cell multi-TRP operation. 
QCL/TCI-related enhancements for inter-cell multi-TRP operation
Issues relating to inter-cell multi-TRP operation in NR Rel. 16
In NR Rel-16, specification support was added for multi-DCI based multi-TRP operation. This framework is enabled by configuring the UE with multiple values of CORESETPoolIndex within the higher-layer parameter PDCCH-Config. The UE is also provided with an additional higher-layer parameter additionalDataScramblingIdentityPDSCH in order to receive a PDSCH scheduled by a PDCCH transmitted on a CORESET using a value of CORESETPoolIndex equal to 1.
One of the key assumptions that was taken in RAN2 regarding the support of multi-TRP operation is the use of a single serving cell framework. Effectively: the UE is aware of only one serving cell and the various TRPs are seen as physical resources such as CORESETs. Another assumption behind multi-TRP operation in NR is that it is agnostic to physical cell identifiers (PCI). Serving cell configurations are associated to one PCI, and all channels and reference signals transmitted by that serving cell are inherently associated to that PCI. Channels/reference signals from neighbouring cells could be indicated to the UE as UE-specific configurations in the serving cell.
Figure 1 gives an example of intra-cell operation. In Section 5.1.5 of TS38.214, PDCCH DMRSs can be linked with a TCI state pointing to a TRS. These TRSs are also linked with a TCI state linking an SS/PBCH block of the serving cell. It should be noted that both SSB#1 and SSB#2 in Figure 1 below are using the same PCI but may use different SSB indexes which is configured in TCI state. M-TRP transmission may look as shown in Figure 1 below:
[image: ]
Figure 1: M-DCI M-TRP transmission framework in NR Rel-16
In order to enable inter-cell M-TRP transmission schemes, what is needed is to allow a PDCCH DMRS to be linked with a TCI state pointing to a reference signal that is transmitted by a non-serving cell. Potential QCL/TCI-related enhancements are presented in the next section that would allow a properly working inter-cell M-TRP framework to be implemented. In light of the above analysis, we observe the following:
Observation 1: Inter-cell multi-TRP operation involves using reference signals not associated to the physical cell identity used by the serving cell.

Potential QCL/TCI enhancements for inter-cell multi-TRP operation in NR Rel. 17
As we explained in the previous section, the current structure of NR Rel-16 is designed such that it implicitly associates all reference signals used by a serving cell with the physCellId used by that serving cell, effectively ruling out inter-cell multi-TRP operation from NR Rel-16. The main purpose of QCL indications is to assist the UE with detecting signals and channels, by providing a reference signal to the UE so that it can use the channel properties inferred from the reference signal to detect another signal or channel that exhibits the same channel properties. The existing M-TRP transmission scheme can be enhanced to allow for inter-cell M-TRP transmission schemes. This can be achieved in a variety of ways: one way is to allow TCI states to link TRSs with an SS/PBCH block transmitted by non-serving cell. Another way is to allow TCI states to link a PDCCH DMRS with a TRS transmitted by a non-serving cell, as shown in the Figure 2 below:
[image: ][image: ]
Figure 2: M-DCI M-TRP transmission framework using non-serving cell SSB (left) and non-serving cell SSB and TRS (right)
 
In the first solution (left), TRS#2 (shown in blue) is considered as part of the serving cell, though it may actually be transmitted by a neighbour cell, and its QCL source is an SS/PBCH block (shown in orange) being transmitted by the neighbour cell. This solution allows the UE to use neighbour SS/PBCH blocks as QCL sources with reasonably low spec changes needed. In the second solution (right), TRS#2 (shown in orange) is being transmitted by a neighbour cell and its QCL source is an SS/PBCH block (shown in orange) being transmitted by the same neighbour cell. This solution allows the UE to use neighbour TRS as QCL sources, and may need larger spec changes in order to support neighbour TRS as QCL sources.
In addition to the solutions with enhancing the QCL relationship on SSB or TRS from non-serving cell, another potential solution to support inter-cell M-TRP operation is to use CSI-RS resources for RRM as a QCL source for PDCCH/PDSCH pairs transmitted by a non-serving cell, as shown in the Figure 3 below. Similar to first solution presented above in Figure 2, this solution allows the UE to use CSI-RS resources for RRM as QCL sources with reasonably small spec changes needed. 
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Figure 3: M-DCI M-TRP transmission framework using CSI-RS for RRM

The key issue to solve to enable inter-cell M-TRP operation smoothly is to decouple reference signal configurations from the implicit binding to the PCI used by a serving cell. This decoupling will allow the NW to indicate adequate QCL source when receiving a PDCCH/PDSCH pair transmitted by a TRP in a non-serving cell and will allow proper implementation of inter-cell multi-TRP operation. In light of the above, we make the following proposal:
Proposal 1:  Support using NZP-CSI-RS from a non-serving cell or CSI-RS for mobility associated with a non-serving cell as QCL source for multi-DCI multi-TRP transmission.
Reference signals such as SS/PBCH blocks and CSI-RS for mobility are configured in measurement objects (MOs). Each serving cell is associated with a measurement object identified by the higher layer parameter servingCellMO. Measurement objects provide configuration for SMTC windows and CSI-RS for mobility for a given frequency layer, i.e. a combination of a center frequency and a subcarrier spacing. In our understanding, since the intra-cell M-TRP framework from Rel-16 is based on TRPs using the same BWP to send overlapping PDSCH transmissions: inter-cell M-TRP operation needs to follow the same assumption. Using the MO associated to the serving cell, the UE can perform measurements on neighbor TRPs located on the same frequency layer as the serving cell. The existing mobility measurement and reporting framework already makes it possible to determine candidate neighbor TRPs for inter-cell M-TRP operation, therefore we don’t see the need to make further enhancements to the mobility measurement and reporting framework. In light of this, we make the following observation:
Observation 2: Existing mobility measurement and reporting framework is sufficient for the purpose of determining candidate neighboring TRPs.
Current QCL indications can use SS/PBCH blocks or NZP-CSI-RS as QCL sources, where SS/PBCH blocks and NZP-CSI-RSs are both identified using their indexes. Enhancements to QCL indications in the context of inter-cell M-TRP operation can be made by adding signaling to link towards specific CSI-RS for mobility or SS/PBCH blocks from neighbor cells. In each MO, CSI-RSs for mobility are provided per cell, i.e. the addition of the PCI coupled with the identity of the CSI-RS for mobility can help the UE uniquely determine the CSI-RS for mobility to be used as a QCL source. CSI-RSs for mobility can also be associated with corresponding SS/PBCH blocks for timing reference purposes as well as QCL-TypeD association purposes. Typical configurations for tracking reference signals may include other QCL association types ranging from TypeA to TypeC, which would be useful to have for CSI-RS for mobility in the context of inter-cell M-TRP operation. In light of the above, we make the following proposal:
Proposal 2: Extend QCL association type applicability such as QCL-TypeA/B/C to CSI-RS for mobility for inter-cell M-TRP operation.

Summary of proposals
In this contribution, we provided our analysis of the technical issues that need to be solved in order to enable inter-cell multi-TRP operation. We make the following observations and proposals:
Observation 1: Inter-cell multi-TRP operation involves using reference signals not associated to the physical cell identity used by the serving cell.
Observation 2: Existing mobility measurement and reporting framework is sufficient for the purpose of determining candidate neighboring TRPs.
The following proposals are provided,
Proposal 1:  Support using NZP-CSI-RS from a non-serving cell or CSI-RS for mobility associated with a non-serving cell as QCL source for multi-DCI multi-TRP transmission.
[bookmark: _GoBack]Proposal 2: Extend QCL association type applicability such as QCL-TypeA/B/C to CSI-RS for mobility for inter-cell M-TRP operation.
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