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1 Introduction
After several meetings’ discussion, RAN2 becomes more and more understand the topic of inter-cell beam management, and some initial working assumption/agreements have been achieved in last RAN2#115 E-meeting [1]:
· FFS whether common framework is feasible to support both “inter-cell beam management” and “inter-cell multi-TRP” considering differences/similarities between two operations.

· RAN2 assumes at least TCI state information is required for TRP with different PCI. 

· RAN2 further discuss RRC parameters based on RAN1 RRC parameters andor R1 reply LS. 

· At RAN2 115-e the following RRC models is/were on the table: Option 1: Cell, Option 2: BWP, Option 3: beam resource (e.g. TCI state, QCL-info), Option 4: new structure (on high level similar to either of the other options)

Furthermore, a LS about RAN2 concerned issues has been sent to RAN1, where the answers of some questions could be obtained after RAN1’s October meeting.
This contribution will address RAN2 related primary issues, including the relationship between inter-cell beam management and inter-cell MTRP, RRC modelling, relationship with L3 handover, and try to progress RAN2’s discussion on this topic. 

2 Discussion 
2.1 Inter-cell beam management and inter-cell MTRP 

During the RRC modelling email discussion [2], companies showed varied opinions about the RRC modelling considerations for Inter-cell beam management and inter-cell MTRP. Some companies found that RAN1 has been discussing those two objectives separately, so it would be reasonable for RAN2 to also differentiate two objectives for the time being. Some companies suggested that RAN2 could start the RRC modelling discussion from inter-cell beam management, whether to cover mTRP objective should be based on RAN1 output. Whereas some companies deemed that RAN2 should discuss common functionality, rather than RAN1 agenda items. 
The main reason of the divergence of companies’ views lies in that RAN2 has no idea about the commonality and difference of these two objects. Therefore, we asked some related questions to RAN1, and following are some corresponding answers from the LS response [3], which have some potential RAN2 impacts: 

1. the applicability of inter-cell beam management to mTRP
Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRPbased multi-PDSCH reception.
Observation1: It seems that the TCI framework is some kind of beam indication mechanism, and potential RAN2 impacts may include the corresponding RRC configurations for inter-cell beam management and mTRP are different, and could not be reused between them.  
2. basic Tx/Rx operation

a) UL and DL: Are UL and DL always processed at the same TRP or can the UE use e.g. serving cell TRP for UL transmissions and TRP with different PCI for DL reception or vice-versa?

Answer 2.a: For inter-cell BM, there are two beam indication modes. One mode is called joint TCI, where DL and UL beams are always same. The other mode is called separate TCI, where DL and UL TCIs are independently indicated. For the separate TCI mode, RAN1 has not agreed to introduce such restriction that DL and UL beams should not be set to different TRPs with different PCIs.
b) System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information from serving cell TRP at the same time?

Answer 2.b: The system information for inter-cell beam management can be only received from the serving cell TRP. 
With respect to the paging/short messages for inter-cell beam management, RAN1 is currently discussing this issue..
c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?

Answer 2.c: The UE is always able to receive CD-SSB from serving cell TRP. There is no impact on RRM measurements of serving or neighbour cells.
d) Number of TRPs: Is the number of TRPs involved in the operation restricted to two (i.e. serving cell TRP and TRP with different PCI? Are there any restrictions on TRPs from which UE may send/receive data, or TRPs from which the UE is assumed to be able to make L1 measurements?

Answer 2.d: RAN1 is still discussing the maximum number of RRC configured PCIs different from the serving cell for TCI beam indication, measurement and reporting and has made the following agreements:… (omitted)
h) Simultaneous Tx/Rx from and to “serving cell TRP” and “TRP with different PCI”: Is it correct understanding that such simultaneous Tx/Rx is not supported for “inter-cell beam management”, but is supported for “inter-cell mTRP”? If so, what is the difference regarding their configuration that needs to be introduced by RAN2?

Answer 2.h: It is correct understanding that simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP, while simultaneous Tx in UL is not supported for both. From configuration perspective, regarding the last question, inter-cell BM will be supported based on the unified TCI framework to be introduced in Rel-17 so relevant Rel-17 TCI configuration parameters will be required to enable this feature. Meanwhile inter-cell mTRP feature is to extend Rel-16 multi-DCI mTRP functionality to TRPs with different PCI so that its configuration parameters will be same or similar to those defined for Rel-16 multi-DCI mTRP operation. 
Observation: 

According to companies’ understanding, for intra-DU scenario (remember that at RAN2#114-e meeting, RAN2 prefer to restrict the scope of the deployment only for intra-DU case in Rel-17), it is feasible to process UL and DL at serving cell TRP and TRP with different PCI. For instance, serving cell or cell with different PCI can get the HARQ-ACK feedback for the DL transmission timely, since the two cells have idea backhaul. Furthermore, for inter-cell BM the common channels will be received on the serving-cell, while the dedicated UL/DL channels may be Tx/Rx on the serving or non-serving cell. For inter-cell mTRP UL/DL Tx/Rx is based on rel-16 multi-DCI mTRP (based on CORSET pool index framework), therefore simultaneous Rx from both TRPs and TDM Tx to both TRPs are possible.

Furthermore, according to the agreement in RAN1#106e meeting, system information and paging for inter-cell beam management can be only received from the serving cell TRP. Therefore, such system information and paging transmission should be TDM-ed with unicast transmission from TRP with different PCI.

As for the number of TRPs, according to companies understanding in the summary for LS reply [3], it seems that for inter-cell mTRP, the UE can simultaneously receive from at most 2 TRPs (i.e. serving cell TRP and TRP with different PCI). It is possible to RRC configure more than one additional TRP with a different PCI. 
Observation2: Different UE capabilities may be involved since the simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP, although simultaneous Tx in UL is not supported for both. Also, network side configuration and scheduling will also be different.
3. MAC aspects
a) Timing advance: Is it assumed that TA is the same for both serving cell TRP and TRP with different PCI, or does UE maintain different TAs for each? 

Answer 3.a: In Rel 17 it is assumed that that a single TA is maintained by the UE for inter-cell beam management. The case of multiple TAs was discussed by RAN1 but no consensus has been reached.
b) RACH: Are there any impacts to RACH operation with inter-cell beam management? That is, is it necessary to perform RACH toward TRP with different PCI e.g. for TA, BFR, etc?

Answer 3.b: Currently, RAN1 has not identified any impact on RACH operation, i.e., RACH transmission should be performed by the UE using the serving cell configuration. RAN1 has not discussed the TA and BFR related issues.
c) UL PC/PHR: When UE is configured for TRP with different PCI for a cell with UL, is there an impact to UL power control or PHR?

Answer 3.c: For inter-cell mTRP operation with different PCI, no impact on power control and PHR beyond what is needed to support Rel-16 defined intra-cell multi-DCI based multi-TRP operation. 

For inter-cell BM operation, there are no specific changes to enhance power control or PHR reporting compared to intra-cell BM operation.
Observation 3: It seems that almost no MAC changes to support inter-cell beam management. But some changes are needed for inter-cell mTRP.
4. HARQ operation

Question 4: How does the HARQ operation work with the multi-beam operation? In particular:

a) HARQ entity: Is there a single HARQ entity handling both the serving cell TRP and TRP with different PCI?

Answer 4.a: RAN1 assumes a single HARQ entity is used for both the serving cell TRP and TRP with different PCI.

b) HARQ retransmissions: Can retransmission occur from different TRP than initial transmission for the same HARQ process? E.g. can initial transmission be done from serving cell TRP and retransmission from TRP with different PCI?

Answer 4.b: Due to assumption on the same HARQ entity, it is possible to have initial transmission and re-transmission originating from TRPs with different PCIDs.

Observation 4: The HARQ operation is the same for inter-cell BM and mTRP since one single HARQ entity is assumed.
5. physical layer configuration
Question 5: Does the TRP with different PCI have an independent physical layer configuration, e.g. for PUSCH/PDSCH/PDCCH/PUCCH and PRACH? 

Answer 5: There is only one physical layer configuration and that is applied to all the PUSCH/PUCCH/PDSCH/PDCCH associated with TCI state that is associated with either serving cell PCI or another different PCI. Regarding the PRACH transmission, RAN1 has not discussed configuration of PRACH for a TRP with different PCI.
b) Configuration of inter-cell beam management measurements and reporting: Which RRC configuration(s) need to be provided for inter-cell beam measurement and reporting? ‎ 
Answer 5.b: RAN1 just started RRC parameter discussion, and will send a separate LS for an initial outcome of the RRC parameter list after RAN1#106bis-e meeting.
c) Feature differences: Are the RRC parameters/configurations different for inter-cell mTRP and inter-cell beam management? 
Answer 5.c: Inter-cell beam management uses the unified TCI framework, inter-cell mTRP uses the legacy Rel-15/Rel-16 TCI framework. RRC parameters for configuring each of these frameworks are different. Further details on RRC configurations will be included in the RRC parameter list.
Observation 5: Inter-cell beam management uses the R17 unified TCI framework, inter-cell mTRP uses the legacy Rel-15/Rel-16 TCI framework. RRC parameters for configuring each of these frameworks are different. RAN1 just started the discussion and no conclusion can be achieved now.
Therefore, based on above answers from RAN1 and corresponding observations, following table 1 shows the main commonalities and difference between inter-cell BM and mTRP:
	
	Inter-cell beam management
	inter-cell MTRP

	TCI Framework
	R17 Unified TCI framework, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update. 
For joint TCI, DL and UL beams are always same.

For separate TCI, DL and UL TCIs are independently indicated, and RAN1 has not agreed to introduce such restriction that DL and UL beams should not be set to different TRPs with different PCIs.
	R15/R16 TCI framework, UE assumes mDCI-mTRP based multi-PDSCH reception.

	TX/RX
	Simultaneous Rx in DL is not supported for inter-cell BM.

Simultaneous Tx in UL is not supported.
	Simultaneous Rx in DL is supported for inter-cell mTRP.
Simultaneous Tx in UL is not supported.

	MAC issues
	No MAC changes to support inter-cell beam management, including TA, RACH, UL PC/PHR, HARQ. 


	Some changes are needed for inter-cell Mtrp, e.g., the case of multiple TAs was discussed by RAN1 but no consensus has been reached. 

	PHY configuration
	Needs further discussion in RAN1, but RRC parameters are different due to different TCI framework are used.
	Needs further discussion in RAN1, but RRC parameters are different due to different TCI framework are used.


Table 1 Comparison of inter-cell BM and mTRP
Furthermore, it is noted that in the latest WID of R17 FeMIMO [4], RAN2’s work at least related to inter-cell beam management, although both inter-cell BM and mTRP are objectives for RAN1:
· Specify higher layer support of enhancements listed above, at least including [RAN2]

· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
Therefore, there are nonnegligible difference between inter-cell BM and mTRP according to above observations and from WID it seems that the inter-cell BM has higher priority for RAN2, we propose:

Proposal 1: RAN2 starts the work from inter-cell BM, and whether to reuse for mTRP objective could be based studied later.   
2.2 RRC modelling for Inter-cell beam management
According to RAN1’s answer for physical layer configuration, RAN1 just started RRC parameter discussion, therefore, it makes sense for RAN2 to kick off the discussion of RRC modelling for inter-cell BM after RAN1 has some progress on this issue.
Proposal 2: RAN2 starts the work on RRC modelling for inter-cell BM after RAN1 achieve some progress on RRC parameter discussion.  
2.3 Inter-cell beam management and L3 HO

There is also discussion on the relationship between inter-cell BM and L3 HO, and following is related answer from RAN1:
c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?

Answer 2.c: The UE is always able to receive CD-SSB from serving cell TRP. There is no impact on RRM measurements of serving or neighbour cells.
Furthermore, in our understanding, the R17 inter-cell BM is some kind of beam indication mechanism, which is based on L1 RSRP measurement and reporting. As pointed by some company, it is not a substitute of L3 RRM based RRC handover. So, we suggest that RAN2 studies the inter-cell BM with no impacts to L3 handover.
Proposal 3: RAN2 studies the inter-cell BM with no impacts to L3 handover.

3 Conclusions
In this contribution, we address RAN2 related issues about inter-cell beam management and inter-cell mTRP,  and made following observations and proposals:

Observation1: It seems that the TCI framework is some kind of beam indication mechanism, and potential RAN2 impacts may include the corresponding RRC configurations for inter-cell beam management and mTRP are different, and could not be reused between them.  

Observation2: Different UE capabilities may be involved since the simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP, although simultaneous Tx in UL is not supported for both. Also, network side configuration and scheduling will also be different.
Observation 3: It seems that almost no MAC changes to support inter-cell beam management. But some changes are needed for inter-cell mTRP.

Observation 4: The HARQ operation is the same for inter-cell BM and mTRP since one single HARQ entity is assumed.

Observation 5: Inter-cell beam management uses the R17 unified TCI framework, inter-cell mTRP uses the legacy Rel-15/Rel-16 TCI framework. RRC parameters for configuring each of these frameworks are different. RAN1 just started the discussion and no conclusion can be achieved now.

Proposal 1: RAN2 starts the work from inter-cell BM, and whether to reuse for mTRP objective could be based studied later.   
Proposal 2: RAN2 starts the work on RRC modelling for inter-cell BM after RAN1 achieve some progress on RRC parameter discussion.  
Proposal 3: RAN2 studies the inter-cell BM with no impacts to L3 handover.
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