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Introduction
In the RAN1#113 meeting, much progress has been made for the measurement configuration, the measurement report and the beam indication. In this contribution, we further share our views on some remaining issues. 
Discussion
Measurement report
In the RAN1#113 meeting, the following agreement has been achieved [1].
	Agreement
· For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency


According to the agreement, ssb-PositionsInBurst is provided by the measurement configuration to configure the measurement RS. However, it is not necessary that a UE has to always measure all the SSBs included in ssb-PositionsInBurst. Since ssb-PositionsInBurst indicates all the transmitted SSBs in a cell, measuring all the transmitted SSBs per cell and measuring multiple cells will bring a heavy burden to the UE. In contrast, it is more reasonable to allow the UE to only measure a subset of SSBs in ssb-PositionsInBurst for a cell. To this end, it should be supported that a report is associated with the SSBs from multiple cells and associated with a subset of SSBs in ssb-PositionsInBurst per cell. As shown in Figure 1, a report is associated with multiple subsets of SSBs in ssb-PositionsInBurst. In this way, the UE has more flexibilities on measuring the SSBs and the cells. 


Figure 1. A report associated with multiple subsets of ssb-PositionsInBurst
There can be different ways on how to associate a report with multiple subsets of SSBs in ssb-PositionsInBurst. As an example, the multiple subsets of SSBs can be configured under the measurement configuration and the report configuration is configured to be associated with the multiple subsets of SSBs. As another example, the multiple subsets of SSBs can be configured under the report configuration.
Proposal 1
It is supported that a report is associated with the SSBs of multiple cells where a subset of SSBs in ssb-PositionsInBurst can be configured for each cell.
· A UE does not have to measure all the SSBs in ssb-PositionsInBurst.



Figure 2. L1-RSRPs and SSBRIs contained in a report
As for the contents of the report, they should include at least one L1-RSRP, and also indicate which SSB and which cell a L1-RSRP is associated with. To identify an SSB, the SSB index is required. However, to identify a cell, a UE does not have to report the cell index. Instead, SSBRIs can be defined as the global indexes of all the SSBs associated with the report. Therefore, an SSBRI can convey the information on both the SSB index and the cell index. Especially when a report is associated with multiple subsets of ssb-PositionsInBurst as in Figure 1, it is more suitable and more efficient to use a SSBRI as an identifier for both the SSB and the cell. In this case, it is actually reusing the design principle of Rel-17 ICBM, and thus requires less standardization work. Figure 2 provides an example where a report includes L1-RSRPs and the associated SSBRIs.
Proposal 2
A report includes L1-RSRPs and SSBRIs where SSBRIs are the global indexes of the SSBs associated with the report.
· A UE does not need to report the cell indexes.

In the RAN1#113 meeting, the following has been captured in the FL summary [2].
	[FL Conclusion]
· For the report of SSB based L1-RSRP, 
· L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the remaining RSRP values are indicated with a differential L1-RSRP quantized to a 4-bit value where the differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value
· The following option is down-selected in RAN1#114
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
· Option B: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams
· Option C:  Take the following 2-step approach 
· Step one: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.


As for the L1-RSRP quantization, it is required to perform down-selection among several options in RAN1#114. To better support the scenario of the inter-frequency measurement, Option A is preferred where differential encoding is performed per cell. In Rel-17 ICBM, differential encoding is performed among all the reported cells, i.e., Option B is supported. However, Rel-17 ICBM only supports the intra-frequency measurement. Different from it, Rel-18 LTM supports both the intra-frequency and the inter-frequency measurements. In the inter-frequency scenario, two inter-frequency cells are widely separated in the frequency domain, and thus can have larger variations in the measured L1-RSRPs. For two L1-RSRPs with a very large difference, it is not suitable to perform differential encoding among them. In an extreme case, the difference can be out of the quantization range so that a differential L1-RSRP cannot be denoted as a 4-bit value with a 2-dB step with reference to an absolute L1-RSRP. Therefore, it is not desirable to perform differential encoding across the inter-frequency cells. Instead, it would be safer to perform differential encoding per cell, i.e., to support Option A. As for Option C, differential encoding is performed among inter-frequency cells in the second step. On this point, Option C is the same as Option B, and thus is not preferred based on the previous analysis. Besides, the necessity to use two steps in Option C is not clear. Since both Option B and Option C will result in one absolute L1-RSRP and other several differential L1-RSRPs, we don’t see the need to use 2-step differential encoding to get those differential L1-RSRPs in Option C.
Proposal 3: 
As for the L1-RSRP quantization, the following Option A should be supported.
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams

Beam indication
[bookmark: P1]In the RAN1#112b meeting, the following proposal has been discussed but not agreed [3].
	[FL Proposal 5-3-7-v5]
· For scenario 2, TCI state indication included in cell switch command indicates the TCI state(s) for SpCell of target cell(s)
· For scenario 2, a TCI state indicated in the cell switch command is applied to multiple cells included in the list of simultaneous TCI state of the indicated target cell (when the list is configured) when the cells indicated in the list are active after cell switch command, i.e. the same mechanism as simultaneousU-TCI-UpdateList is reused for Rel-18 LTM
· FFS: when there are multiple (up to 4) simultaneousU-TCI-UpdateList configured for the [target candidate] cells. 
· Note: RRC structures (i.e. under serving cell configuration or candidate cell configuration, etc) are up to RAN2


In the RAN1#113 meeting, the above proposal was not discussed due to the limited time. The proposal is about how to perform the beam indication for multiple cells for CA, and we support this proposal in general. A TCI state is indicated by the cell switch command, and applied to a BWP of a target cell. If a UE needs to switch to multiple target cells belonging to a CA group, simultaneousU-TCI-UpdateList can be leveraged to determine the indicated TCI states for multiple target cells within the same list. More specifically, the beam indication in the cell switch command also applies to the target cells in the same simultaneousU-TCI-UpdateList. 
Proposal 4
· For Scenario 2, when the cell switch command indicates a TCI state for a target cell, it also applies to the target cells in the same simultaneousU-TCI-UpdateList.

In the RAN1#112b meeting, the following agreement has been achieved [4].
	Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.


According to the agreed Alt 1, it is supported that the TCI state activation can be performed before the cell switch command. Similar with the aforementioned case where simultaneousU-TCI-UpdateList is used to determine the indicated TCI states for multiple target cells, simultaneousU-TCI-UpdateList can be also used to determine the activated TCI states for multiple candidate cells belonging to the same simultaneousU-TCI-UpdateList. More specifically, when a MAC CE activates TCI states for a candidate cell, it also applies to the candidate cells in the same simultaneousU-TCI-UpdateList.
Proposal 5
· For Scenario 2, when a MAC CE activates TCI states for a candidate cell, it also applies to the candidate cells in the same simultaneousU-TCI-UpdateList.

As aforementioned, the MAC CE for the purpose of the TCI state activation can be used together with simultaneousU-TCI-UpdateList. To use simultaneousU-TCI-UpdateList when performing the TCI state activation, simultaneousU-TCI-UpdateList should be provided before the TCI state activation. Also, unifiedTCI-StateType is necessary for determining the activated TCI states when the MAC CE is received. Therefore, unifiedTCI-StateType should be also provided before the TCI state activation. 
Proposal 6
· For Scenario 2, at least the following parameters are provided before the TCI state activation.
· simultaneousU-TCI-UpdateList.
· unifiedTCI-StateType .

In the RAN1#113 meeting, the following agreement has been achieved [1].
	Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 
· Send an LS to RAN2 and RAN4 to ask their feedback


The agreement is about how to define the beam application time for Rel-18 LTM. The general concept of the beam application time is shown in Figure 3.


Figure 3. The concept of the beam application time
As aforementioned, a TCI state or a pair of TCI states indicated in the cell switch command can be applied to multiple cells in the same simultaneousU-TCI-UpdateList. When applying the TCI state or the pair of TCI states to those cells, the beam application time should be the same for all the cells in the same simultaneousU-TCI-UpdateList.
Proposal 7
· For Scenario 2, the beam application time is the same for multiple cells in the same simultaneousU-TCI-UpdateList.

In the RAN1#113 meeting, the following agreement has been achieved [1].
	Agreement 
A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.


According to the agreement, the TCI state activation can be received together with the cell switch command. For simplicity, this case is denoted as Case 1. As aforementioned, the TCI state activation can be also received before the cell switch command. Similarly, this case is denoted as Case 2. If the beam application time will be defined for both Case 1 and Case 2, it should be independently defined for these two cases. After receiving the TCI state activation, a UE needs some “preparation” time to be able to actually apply an activated TCI state. According to Clause 8.15 of TS 38.133, when the activated TCI state is not in the active TCI state list, the UE is required to measure the SSB associated with the activated TCI state during the preparation time. When receiving the TCI state activation before the cell switch command (i.e., in Case 2), the UE can finish the preparation before the cell switch command. In this case, the beam application time does not need to include the preparation time. When receiving the TCI state activation together with the cell switch command (i.e., in Case 1), the UE needs to do the preparation after the cell switch command. If the beam application time is defined for this case, it needs to also include the preparation time. Therefore, the beam application time will be different for Case 1 and Case 2. Based on this, the beam application time should be separately defined for these two cases.
Proposal 8: 
· The beam application time is independent for the following Case 1 and Case 2 if the beam application time will be defined for both cases.
· Case 1: TCI state activation is performed together with TCI state indication
· Case 2: TCI state activation is performed prior to TCI state indication

In the RAN1#113 meeting, the following proposal has been discussed but not agreed [3].
	[FL Proposal 5-3-1-v1]
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell
· Alt.4: No new behaviour is introduced on top of Rel-17 unified TCI


Generally, the proposal is to address the issue on how to determine the beam for a CORESET which does not follow Rel-17 unified TCI and has no activated TCI state. For Alt.1, even though the CORESET is not configured with followUnifiedTCIstate, it can still follow the unified TCI state before any TCI state is activated for it. If only the SSB based measurement and the SSB based report are supported, it means that a target cell can only use the beam used by the SSB transmission. Since the beam applied to an SSB is generally a wide beam, UE-dedicated beam and non-UE-dedicated beam may have no difference. Therefore, basically all the signals and channels can just follow the indicated unified TCI state. For Alt.4, the intention during the discussion is to not use the CORESET which is not configured with followUnifiedTCIstate before any TCI state is activated for it. If going with Alt.4, the exact intention should be captured to avoid any ambiguity. Otherwise, the current wording implies following the legacy behavior. However, the legacy behavior also includes following the SSB during random access if no TCI state has been activated or a CORESET. Since the random access procedure is not performed in Rel-18 LTM, this legacy behavior does not work.
Proposal 9
· For Scenario 2, to determine the beam for a CORESET which does not follow Rel-17 unified TCI and has no activated TCI state, either Alt.1 is supported or Alt.4 is supported with the clarification implying that the CORESET not following Rel-17 unified TCI cannot be used until any TCI state is activated for it. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell .
· Alt.4: No new behavior is introduced on top of Rel-17 unified TCI.

Conclusion
In this contribution, we have shared our views on L1 enhancements for inter-cell beam management. Our proposals in this contribution are summarized below:
Proposal 1
It is supported that a report is associated with the SSBs of multiple cells where a subset of SSBs in ssb-PositionsInBurst can be configured for each cell.
· A UE does not have to measure all the SSBs in ssb-PositionsInBurst.
Proposal 2
A report includes L1-RSRPs and SSBRIs where SSBRIs are the global indexes of the SSBs associated with the report.
· A UE does not need to report the cell indexes.
Proposal 3: 
As for the L1-RSRP quantization, the following Option A should be supported.
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
Proposal 4
· For Scenario 2, when the cell switch command indicates a TCI state for a target cell, it also applies to the target cells in the same simultaneousU-TCI-UpdateList.
Proposal 5
· For Scenario 2, when a MAC CE activates TCI states for a candidate cell, it also applies to the candidate cells in the same simultaneousU-TCI-UpdateList.
Proposal 6
· For Scenario 2, at least the following parameters are provided before the TCI state activation.
· simultaneousU-TCI-UpdateList.
· unifiedTCI-StateType .
Proposal 7
· For Scenario 2, the beam application time is the same for multiple cells in the same simultaneousU-TCI-UpdateList.
Proposal 8: 
· The beam application time is independent for the following Case 1 and Case 2 if the beam application time will be defined for both cases.
· Case 1: TCI state activation is performed together with TCI state indication
· Case 2: TCI state activation is performed prior to TCI state indication
Proposal 9
· For Scenario 2, to determine the beam for a CORESET which does not follow Rel-17 unified TCI and has no activated TCI state, either Alt.1 is supported or Alt.4 is supported with the clarification implying that the CORESET not following Rel-17 unified TCI cannot be used until any TCI state is activated for it. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell .
· Alt.4: No new behavior is introduced on top of Rel-17 unified TCI.
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