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1.  Introduction
RAN2 started discussing L1/L2-centric inter-cell mobility from RAN2 #113bis-e meeting. Then in RAN #92-e meeting, the FeMIMO WID has been revised since TU is not sufficient for L1/L2-centric inter-cell mobility which has a heavier workload [1]. According to the 1.a bullet in the revised WID, see below extracted description, we will not consider L1/L2-centric inter-cell mobility in Rel-17. Instead, we will focus on inter-cell beam management (BM) with no serving cell change. In addition, there is another item in 2.b bullet, i.e., inter-cell mTRP. 
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases

	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 based on Rel-15/16 TCI framework


We note that inter-cell BM and inter-cell mTRP are two enhancement directions that are parallel discussed in RAN1. However, in RAN2 discussion, it seemed to be a bit difficult to differentiate them in the beginning. After several meetings and liaisons, the line between inter-cell BM and inter-cell mTRP becomes clearer. After RAN2 #115-e meeting, RAN2 sent RAN1 a LS [2] containing questions which are helpful to clarify the differences between inter-cell BM and inter-cell mTRP. RAN1 discussed this LS in RAN1 #106bis-e meeting and sent a reply [9]. 
2. Discussion
2.1 Commonality between inter-cell BM and inter-cell mTRP
There are some common parts between inter-cell BM and inter-cell mTRP, for instance, the same beam measurement/reporting mechanism of inter-cell BM will be reused for inter-cell mTRP as the WID [1] explicitly expressed. And the measurement/reporting is L1-based and has no L3 impact.
Observation 1: The main commonality between inter-cell BM and inter-cell mTRP is the L1-based beam measurement/report mechanism.
A LS [3] was received from RAN1 before this RAN2 meeting, which includes previous agreements made for inter-cell mTRP in RAN1. There are some agreements related to measurement configuration.
	RAN1#103-e Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information
RAN1#104-e 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


Note the terminology “non-serving cell” in the above agreements is not proper. RAN1 and RAN2 both use the terminology “TRP associated with a PCI different from that of the serving cell” instead in recent meetings. 
Two example RRC IEs are given in the above agreement: SSB-Configuration-r16/ssb-InfoNcell-r16 is used in the framework of positioning, and MeasObject is in the framework of RRM measurement. These two IEs can provide information of SSBs associated with other PCIs different from that of the serving cell.
Observation 2: To support inter-cell BM and inter-cell mTRP, SSB resources associated with PCI(s) different from that of the serving cell need to be configured to the UE via RRC signalling.
However, from beam management perspective, L1 measurement and report are in the framework of CSI measurement and report. The IE CSI-MeasConfig contains serving cell RS resources that the UE needs to perform L1 measurement on. Specifically, the SSBs to be measured are given in RRC IE CSI-SSB-ResourceSet which includes one or more SSB index(s). In Rel-16, UEs only perform L1 measurement on the serving cell in which CSI-MeasConfig is included. But in Rel-17, UEs are supposed to perform L1 measurement on SSBs associated with PCIs different from that of the serving cell. Therefore, the CSI measurement and report framework need to be enhanced to support inter-cell BM and inter-cell mTRP.
	CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...
}


Observation 3: The Rel-16 CSI measurement and report framework can be enhanced to support Rel-17 inter-cell BM and inter-cell mTRP.
We note that RAN1 still FFS other information of TRPs associated with PCIs different from that of the serving cell. In addition, RAN1 is discussing the value of the maximum number of additional PCIs that can be configured to a UE for L1 measurement and report. In this case, more RAN1 inputs about L1 measurement and report are expected.
Proposal 1: RAN2 assumes that, for CSI measurements with inter-cell BM and inter-cell mTRP:
- each serving cell configuration (e.g. in ServingCellConfig or ServingCellConfigCommon) should be extended to include a list of SSB resources associated with PCI(s) different from that of the serving cell
- the CSI-SSB-ResourceSet IE should be extended to include the ID of one element of this list.
2.2 Differences between inter-cell BM and inter-cell mTRP
In this section, to present a whole picture of these two directions, we summarize the main different parts between inter-cell BM and inter-cell mTRP based on the current progress in RAN2 and RAN1.
2.2.1 Beam indication
The WID [1] emphasizes the beam indication is based on Rel-17 unified TCI framework for inter-cell BM, while it’s based on Rel-15/16 TCI framework for inter-cell mTRP. The unified TCI framework has been intensively discussed in RAN1. But it still seems to be not mature to discuss the details in RAN2 until we receive plain explanation from RAN1. Even though, we believe it’s beneficial to promote the whole process if we discuss some high level issues about the unified TCI framework.
(1) Inter-cell BM with the unified TCI framework
In the unified TCI framework, there are joint TCI and separate TCI. The following extracted conclusion from RAN1 #104-e meeting [4] can give us a basic introduction about this framework.
	Conclusion
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).


The joint TCI provides both the DL QCL information and the UL TX spatial filter, while the separate TCI provides either DL QCL information or the UL TX spatial filter. A UE can be configured with a joint TCI pool and/or a separate TCI pool. Here the TCI pool refers to a pool containing one or more TCI states, which is configured via higher-layer (RRC) signalling [5].
Observation 4: In the unified TCI framework, a joint DL/UL TCI pool and/or a separate DL/UL TCI pool need(s) to be configured to UE via RRC signalling.
As for the beam indication from the TCI pool, RAN1 has the following agreement in RAN1 #106-e meeting [6]. Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported for Rel-17 inter-cell BM. 
	Agreement
On Rel.17 beam indication enhancements for inter-cell management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported


Note that in Rel-16, there are MAC-CE based and MAC-CE+DCI-based beam indication schemes for PDSCH reception in the serving cell. Now in Rel-17, we need to extend the beam indication schemes to PDSCH/PDCCH/PUSCH/PUCCH for the serving cell TRP, and further extend for TRPs associated with PCIs different from that of the serving cell. 
Proposal 2: In Rel-17 inter-cell BM, for PDCCH/PDSCH reception and PUCCH/PUSCH transmission, a new MAC CE for activating/indicating TCI state(s) associated with PCI(s) different from that of the serving cell PCI is needed.
(2) Inter-cell mTRP with the Rel-15/Rel-16 TCI framework
As the WID [1] expressed, for inter-cell mTRP, the objective is to “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.” From the description, we can see some wordings are specific to downlink, e.g., “multi-PDSCH reception”. In this case, we only discuss how to indicate downlink beam for inter-cell mTRP. 
Observation 5: Only downlink is considered for Rel-17 inter-cell mTRP beam indication.
In the received LS from RAN1 [3], some relevant agreements are extracted below.
	RAN1 #106-e Agreement
Introduce a new RRC indicator/signaling (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signaling design is up to RAN2


In Rel-15/16 TCI framework, TCI-State is used for downlink beam indication of the serving cell. In Rel-17 inter-cell mTRP, TCI states are not only associated with the serving cell TRP, but also with TRPS associated with PCI(s) different from that of the serving cell. According to the above RAN1 agreement, RRC signalling is needed to associate TCI states with TRPs.
Observation 6: RRC signalling is needed to associate TCI states with TRPs for Rel-17 inter-cell mTRP.
To finalize the detailed RRC signaling design, we need to know whether the number of total TCI states will be extended. Also we need to know the number of additional PCIs that a UE can be configured. Therefore, more RAN1 inputs are needed.
Proposal 3: RAN2 assumes that, for inter-cell mTRP:
- each serving cell configuration should be extended to include a list of additional PCIs
- the TCI-State IE should be extended to include an index into this list.
More RAN1 inputs are needed for Rel-17 inter-cell mTRP, at least including:
a) the maximum number of TCI states that can be configured per UE and/or per serving cell
b) the maximum number of additional PCIs that can be configured per UE and/or per serving cell.
2.2.2 Simultaneous Tx/Rx to/from TRPs
RAN1 replied a LS [7] to RAN4 and also copied to RAN2. One answer in the LS explains the difference between inter-cell BM and inter-cell mTRP on the simultaneous transmission from/to TRPs issue. This answer is extracted as follows.
	[bookmark: _Hlk72938458]Question 3: RAN4 also would like RAN1 and RAN2 to further clarify on the definition of non-serving cell especially whether UE shall support data/control channel reception and transmission from non-serving cell including simultaneous reception and transmission capabilities under CA scenarios. 

Answer 3: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Therefore, the above question 3 is no longer relevant. The term “non-serving cell” is simply a reference to a TRP associated with a physical cell ID different from that of the serving cell. Regarding simultaneous reception and transmission, based on the revised WID:
· For inter-cell beam management, a UE can only communicate with a single cell and no change in serving cell is assumed
· For inter-cell mTRP, since it assumes multi-PDSCH reception and multi-DCI, simultaneous DL reception from the serving cell and a TRP associated with a physical cell ID different from that of the serving cell is supported. There is no impact on simultaneous reception and transmission capabilities under CA scenarios.  
The above includes cells in CA scenarios.


From the above answer, we have the following observations.
Observation 7: For Rel-17 inter-cell BM, simultaneous Tx/Rx to/from serving cell TRP and TRPs with different PCI is not supported.
Observation 8: For Rel-17 inter-cell mTRP, simultaneous Rx from serving cell TRP and TRPs with different PCI is supported. However, simultaneous Tx to serving cell TRP and TRPs with different PCI is not supported.
The above two observations are also confirmed by the reply LS from RAN1 [9].
	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.


2.2.3 Modelling discussion
An offline discussion [8] was triggered for RRC modelling issue in RAN2 #115 meeting. In this offline discussion, how to model TRPs associated with different PCI were discussed, and four options are on the table: (1) cell model, (2) BWP model, (3) beam resource model and (4) other structure.
One thing we would like to clarify is that the modelling discussion is mainly for inter-cell BM. Because the model of inter-cell mTRP seems clear, we can regard it as an enhancement to Rel-16 intra-cell mTRP.
Observation 9: We need to discuss how to model TRPs associated with different PCIs for Rel-17 inter-cell BM.
Admittedly, the model choice depends on RAN1’s reply on the configuration questions and the relevant RRC parameters provided by RAN1. However, to our understanding, we prefer to choose option3, i.e., the beam resource model. The serving cell is not changed in inter-cell BM, and only a TCI state associated with a PCI different from that of the serving cell is indicated to a UE. Then the UE can transmit PUSCH/PUCCH and receive PDSCH/PDCCH with the indicated beam direction. From UE’s perspective, since there is no serving cell change, the UE only use different beam resources for transmission and reception. With the beam resource model, flexible beam switching can be achieved, which is a main motivation of inter-cell BM. And this model has less impact to the current configuration procedure.
In addition, in previous meetings, RAN2 discussed the PUCCH/PUSCH/PDCCH/PDSCH configuration of the TRP associated with a different PCI. This configuration issue is couple with the modelling discussion. RAN1 gave a clear answer in the reply LS [9].
	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.


Therefore, there is no separate PUCCH/PUSCH/PDCCH/PDSCH configuration for TRPs associated with a different PCI. 
Observation 10: UE uses the UE-dedicated PUCCH/PUSCH/PDCCH/PDSCH configuration of the serving cell when receiving a TCI state associated with PCI(s) different from that of the serving cell.
With this observation in mind, we think the beam resource model is the most reasonable one.
Proposal 4: In Rel-17 inter-cell BM, we can model TRPs associated with different PCIs as different beam resources (i.e. Rel-17 TCI states) of the same BWP of the same serving cell.
3. Conclusion
In this contribution, we discussed the commonalities and differences between inter-cell BM and inter-cell mTRP and we have the following proposals:
Proposal 1: RAN2 assumes that, for CSI measurements with inter-cell BM and inter-cell mTRP:
- each serving cell configuration (e.g. in ServingCellConfig or ServingCellConfigCommon) should be extended to include a list of SSB resources associated with PCI(s) different from that of the serving cell
- the CSI-SSB-ResourceSet IE should be extended to include the ID of one element of this list.
Proposal 2: In Rel-17 inter-cell BM, for PDCCH/PDSCH reception and PUCCH/PUSCH transmission, a new MAC CE for activating/indicating TCI state(s) associated with PCI(s) different from that of the serving cell PCI is needed.
Proposal 3: RAN2 assumes that, for inter-cell mTRP:
- each serving cell configuration should be extended to include a list of additional PCIs
- the TCI-State IE should be extended to include an index into this list.
Proposal 4: In Rel-17 inter-cell BM, we can model TRPs associated with different PCIs as different beam resources (i.e. Rel-17 TCI states) of the same BWP of the same serving cell.
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