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1.  Introduction
[bookmark: _GoBack]RAN2 started discussing L1/L2-centric inter-cell mobility in RAN2 #113bis-e meeting due to a LS from RAN1 [1]. Through discussions at two meetings, RAN2 identified two scenarios need to be considered, which are inter-cell mTRP model (Scenario 1) and L1/L2 mobility model (Scenario 2). RAN2 replied a LS [2] to RAN1 in RAN2 #114-e meeting, including the simplified procedures on the above two scenarios based on RAN2’s understanding. Then in RAN #92-e meeting, RAN agreed only Scenario 1 will be considered in Rel-17 since TU is not sufficient for Scenario 2 which has a heavier workload. The FeMIMO WID has been revised accordingly [3]. According to the 1.a bullet in the revised WID, see below extracted description, we will not consider L1/L2 mobility (Scenario 2) in Rel-17. Instead, we will focus on inter-cell beam management (BM) with no serving cell change. 
	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 intra- and L1/L2-centric inter-cell mobility 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


For inter-cell mTRP (Scenario 1), the objectives are stated in 2.b bullet also with some clarification, see below extracted description.
	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


To make this paper self-contained, we do not use terms Scenario 1 or Scenario 2 anymore. In the following discussion, we directly use “inter-cell BM” and “inter-cell mTRP” terms which correspond to objective bullet 1.a and 2.b respectively.
This contribution aims to support inter-cell BM, including beam measurement, result reporting, and beam indication. Admittedly, the line between the scope of inter-cell BM and inter-cell mTRP is not crystal clear. 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 explicitly expressed. But for beam indication, different TCI frameworks will be utilized. To better organize our discussion, in this paper, we will discuss how to achieve objective bullet 1.a. Specifically, this paper includes the above mentioned common parts (i.e., beam measurement/reporting mechanism) and beam indication based on Rel-17 unified TCI framework. As for how to support inter-cell mTRP with beam indication based on Rel-15/16 TCI framework, please refer to our other document related to mTRP support [4]. 
2. Discussion
2.1 Beam measurement and reporting
Currently, UEs are already able to measure SSBs associated with PCIs different from the serving cell, e.g., in RRM measurement for handover. However, in the legacy BM operations, UEs only report L1 measurement results of the serving cell. This rule can be seen from the description of the RRC IE CSI-MeasConfig in the current RRC spec [5]. 
	The IE CSI-MeasConfig is used to configure CSI-RS (reference signals) belonging to the serving cell in which CSI-MeasConfig is included, channel state information reports to be transmitted on PUCCH on the serving cell in which CSI-MeasConfig is included and channel state information reports on PUSCH triggered by DCI received on the serving cell in which CSI-MeasConfig is included.


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, there is no need to explicitly indicate the PCI that the SSBs are associated with, since the UE only perform L1 measurement on the serving cell in which CSI-MeasConfig is included.
	CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...
}


But in Rel-17, to support inter-cell BM, UEs are supposed to perform L1 measurement on SSBs associated with PCIs different from the current serving cell. Therefore, together with the SSBs associated with the serving cell PCI, the SSB resources associated with other PCI(s) need to be configured to the UE. To distinguish SSBs associated with different PCIs, the associated PCI needs to be configured to the UE as well.
Observation 1: To support inter-cell BM, SSB resources associated with PCI(s) different from the serving cell PCI and the corresponding PCI(s) need to be configured to the UE via RRC signalling.
According to RAN1’s current agreements, in addition to SSBs, RAN1 FFS other RSs (e.g., CSI-RS for mobility, CSI-RS for BM, etc.) associated with PCIs different from the serving cell PCI for inter-cell BM. If CSI-RS is supported in RAN1 for inter-cell BM, then the CSI-RS resources associated PCIs different from the serving cell PCI need to be configured to the UE.
Observation 2: If CSI-RS is supported for inter-cell BM, the CSI-RS resources associated with PCIs different from the serving cell PCI need to be configured to the UE.
In L1 measurement reporting procedure, RAN1 has the following agreements in RAN1 #105e [6].
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed


In Rel-16, the L1 beam measurement result reporting is configured by the RRC IE CSI-ReportConfig, and it configures how to report only serving cell results. However, in Rel-17 inter-cell BM, the UE needs to report results (e.g., L1-RSRP) of SSBs associated with different PCIs. Besides, L1-based event-driven reporting may be supported in Rel-17 inter-cell BM. This is different from the legacy L1 report mechanism including periodic, semi-persistent, and aperiodic report. To enable the features introduced by Rel-17 inter-cell BM, the IE CSI-ReportConfig needs to be modified, but for now, more RAN1 inputs about L1 reporting are expected.
Observation 3: More RAN1 inputs about L1 reporting mechanism are needed to proceed discussion in RAN2.
2.2 Beam indication
The revised WID [3] emphasizes the beam indication is based on Rel-17 unified TCI framework for inter-cell BM. The unified TCI framework has been intensively discussed in RAN1. In the unified TCI framework, there are joint TCI and separate TCI. The following extracted conclusion from RAN1 #104-e meeting [7] 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 configured via higher-layer (RRC) signalling [8].
Observation 4: A joint DL/UL TCI pool and/or a separate DL/UL TCI pool need(s) to be configured to UE via RRC signalling.
In inter-cell BM, the network can indicate the TCI state indicating reference RS(s) associated with PCI(s) different from the serving cell PCI. The indicated TCI state is selected from the joint TCI pool or the separate TCI pool, which is sent via L1/L2 signalling. RAN1 is discussing the details of the L1/L2 signalling, see the below working assumption in RAN1 #105-e meeting [6].
	Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· 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) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary


We can foresee that a new MAC CE for indicating a TCI state associated with PCI different from the serving cell PCI is needed. Further, MAC-CE only scheme for indicating the TCI state is sufficient. Since the number of TCI states associated with PCI different from the serving cell PCI is usually minor, we do not see the needs for two-level indication with MAC-CE + DCI-based scheme.
Observation 5: For PDCCH/PDSCH reception and PUCCH/PUSCH transmission, a new MAC CE for indicating a TCI state associated with PCI different from the serving cell PCI is needed. (FFS single MAC CE for PDCCH, PDSCH, PUCCH, and PUSCH or separate MAC CEs.)
When a UE receives a TCI state associated with PCI different from the serving cell PCI, the UE can use the RS contained in the TCI state as a reference for beam direction adjustment. Note that receiving a TCI state associated with PCI different from the serving cell PCI may not mean the serving cell is changed. As the revised WID [3] emphasized, “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).” A sensible understanding to the description would be: the UE-specific PxxCH is transferred on the serving cell from UE perspective. What UE sees is only beam direction switch without serving cell change. Therefore, we may need to revisit the agreements in RAN2 #114-e meeting and in the reply LS from RAN2 [2]. For instance, the bullet 3, 4, and 5 in the following extracted agreements [2] are described on the premise of serving cell change. These agreements may be not applicable towards the current Rel-17 inter-cell BM scope.
	RAN2 confirm the simplified procedures on the L1L2 mobility model as a baseline RAN2 understanding:
Scenario 2: L1L2 mobility model (i.e. with serving cell change)
	1. UE receives from serving cell, configuration of SSBs of the cell with different PCI for beam measurement/ serving cell change.
	2. UE performs beam measurement for the cell with different PCI and report it to serving cell. 
	3. Serving cell configuration for cell with other PCI is provided to the UE by RRC (pre-configuration for serving cell change, FFS if this step is same as 1). 
	4. Based on the above reports, TCI states for cell with different PCI is activated along with the serving cell change (by L1/L2 signaling). FFS if this is multiple steps.
	5. UE changes the serving cell and starts receiving/transmitting using the pre-configured UE-dedicated channel and TCI states.


Observation 6: Due to the modified scope of Rel-17 inter-cell BM, some RAN2 agreements in the previous meetings may need to be revisited.
In the case that the serving cell does not change, we need to re-consider the configuration issue of UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH which are associated with PCIs different from the serving cell PCI. Since the serving cell is not changed, it might be reasonable to re-use the UE-dedicated PxxCH configurations of the serving cell when a UE receives a TCI state associated with PCI(s) different from the serving cell PCI. For the system information (e.g., SIB1), UE only need to receive the system information broadcasted from the serving cell.
Observation 7: UE can use the UE-dedicated PUCCH/PUSCH/PDCCH/PDSCH configurations of the serving cell when receiving a TCI state associated with PCI(s) different from the serving cell PCI.
3. Conclusion
In this contribution, we have the following observations.
Observation 1: To support inter-cell BM, SSB resources associated with PCI(s) different from the serving cell PCI and the corresponding PCI(s) need to be configured to the UE via RRC signalling.
Observation 2: If CSI-RS is supported for inter-cell BM, the CSI-RS resources associated with PCIs different from the serving cell PCI need to be configured to the UE.
Observation 3: More RAN1 inputs about L1 reporting mechanism are needed to proceed discussion in RAN2.
Observation 4: A joint DL/UL TCI pool and/or a separate DL/UL TCI pool need(s) to be configured to UE via RRC signalling.
Observation 5: For PDCCH/PDSCH reception and PUCCH/PUSCH transmission, a new MAC CE for indicating a TCI state associated with PCI different from the serving cell PCI is needed. (FFS single MAC CE for PDCCH, PDSCH, PUCCH, and PUSCH or separate MAC CEs.)
Observation 6: Due to the modified scope of Rel-17 inter-cell BM, some RAN2 agreements in the previous meetings may need to be revisited.
Observation 7: UE can use the UE-dedicated PUCCH/PUSCH/PDCCH/PDSCH configurations of the serving cell when receiving a TCI state associated with PCI(s) different from the serving cell PCI.
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