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Introduction
Till the last RAN1#115 meeting, the major issues to complete further NR mobility enhancements have been finished. In this contribution, we further share our views on some remaining issues. 

Discussion
In the RAN1#115 meeting, the following conclusion has been achieved with regard to the TCI state indication for the Scells after the cell switch command [1].
	Conclusion
No consensus to include simultaneousU-TCI-UpdateList under LTM-Candidate-r18 to activate and indicate TCI states for SCell(s) after cell switch command. 


However, simultaneousU-TCI-UpdateList can be still present in ServingCellConfig of a candidate cell. In this case, it is worth clarifying whether simultaneousU-TCI-UpdateLis can be used for indicating the TCI states for the Scells after the cell switch command. In our view, if a UE needs to switch to multiple target cells belonging to a CA group, simultaneousU-TCI-UpdateList can be leveraged to determine the TCI states for multiple target cells within the same list. If supported, it may be further clarified the starting time when the TCI state can be applied to the CA cells within simultaneousU-TCI-UpdateList. Since this also depends on when the TCI state can be applied to the single target cell, e.g., whether the beam application time is needed or not, it can be discussed after the decision on the beam application time is made.
Proposal 1
· When the cell switch command indicates a TCI state for a target cell, it also indicates the same TCI state for the Scells in the same simultaneousU-TCI-UpdateList.

In the RAN1#115 meeting, the following agreement has been achieved for determining the priority rule between the LTM CSI report and the legacy CSI report [1].
	Agreement
For the priority rule for CSI report, LTM CSI report is prioritized over legacy CSI report.


Then the remaining issue is how to determine the priority rule among the LTM CSI reports. To address this issue, the method of calculating the priority value for the legacy CSI report can be reused as much as possible. 
In TS 38.214 Clause 5.2.5, the following equation has been used to calculate the priority value for a legacy CSI report, and a smaller priority value corresponds to a higher priority level. 
	5.2.5 Priority rules for CSI reports
CSI reports are associated with a priority value  where




-	 for aperiodic CSI reports to be carried on PUSCH  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP or L1-SINR and  for CSI reports not carrying L1-RSRP or L1-SINR;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.


For the LTM CSI report, the priority value can be calculated by using the same equation. For , ,  and , their definitions are the same except that they are defined for the LTM CSI report now. Since  always holds for the LTM CSI report, the priority value can be calculated by the following equation.
                                                                    (1)
-	 for aperiodic LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUCCH and  for periodic LTM CSI reports to be carried on PUCCH;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells; More specifically, c is the serving cell where LTM-CSI-ReportConfig is configured;
-  is the ltm-CSI-ReportConfigId-r18 and  is the value of the higher layer parameter maxNrofLTM-CSI-ReportConfigurations-r18.
Equation (1) is obtained by reusing the legacy equation without any change. Actually, the parameter ‘2’ in Equation (1) represents  where . For the legacy CSI report,   can take the value ‘0’ or ‘1’, and thus  is obtained. However, for the LTM CSI report,  can only take the value ‘0’, and thus  is sufficient. Since the priority values are for use only among the LTM CSI reports, letting  is actually more aligned with the intention of the original design. From the perspective of a clean design, the priority value can be calculated by using the following equation.
                                                                           (2)
Proposal 2
· To determine the priority rules for the LTM CSI reports, the priority value of a LTM CSI report can be defined as
, or
.
·  for aperiodic LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUCCH and  for periodic LTM CSI reports to be carried on PUCCH;
· c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells; More specifically, c is the serving cell where LTM-CSI-ReportConfig is configured;
·  is the ltm-CSI-ReportConfigId-r18 and  is the value of the higher layer parameter maxNrofLTM-CSI-ReportConfigurations-r18.

[bookmark: _Hlk149824265][bookmark: P1]In the RAN1#115 meeting, the following agreement has been achieved with regard to the beam used for the RACH-based LTM [1].
	Agreement
After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command at least for CFRA triggered by cell switch command.


The above agreement has addressed the beam used after the RACH procedure of CFRA. Then the remaining issue for RAN1 is the beam used after the RACH procedure of CBRA. During the discussions, there are mainly two options to determine the used beam.
· Option 1: The UE follows the TCI state indicated in the cell switch command.
· Option 2: The UE follows the SSB identified during the RACH procedure.
In our view, a good design should let the UE always use the best beam. To this end, it may be worth considering a combination of Option 1 and Option 2. More specifically, the UE compares the second SSB which is identified during the CBRA procedure with the first SSB which is associated with the TCI state indicated in the cell switch command. If the source RS of the TCI state is a TRS, the first SSB is the source of the TRS. If the second SSB is the same as the first SSB, it basically implies that the general beam direction does not change. Considering that the TCI state may have TRS as the source RS, it would be more preferable to let the UE follow the TCI state to benefit from the potentially narrow beam. If the second SSB is different from the first SSB, it implies that a better beam has been newly identified during the CBRA procedure. Therefore, the UE should follow the SSB identified during the RBRA procedure. By this way, it is guaranteed that the UE always follows the better beam between the beam in Option 1 and the beam in Option 2.
Proposal 3
· For CBRA in the RACH-based LTM, after the RACH procedure until a new TCI state is applied,
· if the SSB identified during the RACH procedure is the same as the SSB which is associated with the TCI state (including SSB which is the source of TRS) indicated in the cell switch command, the UE follows the TCI state indicated in the cell switch command,
· otherwise, the UE follows the SSB identified during the RACH procedure.

On how to handle the activated LTM TCI states, a remaining issue is whether to retain or deactivate the LTM TCI states for the candidate cells after the cell switch. In our view, letting the UE retain the activated LTM TCI states only for the target cell does not add much complexity to the UE, and can benefit the beam management after switching to the target cell. According to the agreements of the RAN1#115 meeting, a set of activated LTM TCI states is also a subset of legacy TCI states. By letting the UE retain the activated LTM TCI states only for the target cell, it can be equivalently seen as that a LTM MAC CE activates a set of legacy TCI states for the target cell early. In the legacy beam management, the UE needs to retain the activated legacy TCI states for the serving cell. Compared with that, there is not much complexity difference between retaining a set of legacy TCI states for the serving cell and retaining a set of LTM TCI states for the target cell. By letting the UE retain the activated LTM TCI states only for the target cell, it can be beneficial to achieve the fast beam switching in the target cell. Due to the early TCI state activation, after the UE has switched to the target cell, it already has a set of activated TCI states for use. Then a DCI can indicate one of the activated TCI states without the need of waiting for the activation via a legacy MAC CE. By this way, the fast beam switching after the cell switch can be achieved. 
Proposal 4
· On how to handle the activated LTM TCI states after the cell switch command, it is preferred that the UE retains the activated LTM TCI states only for the target cell due to 
· not much additional UE complexity, and
· benefit on fast beam switching after the cell switch.

On (de)activating the TCI states for LTM, a remaining issue is whether to support (de)activating LTM TCI states for multiple candidate cells by a single MAC CE. Currently, a single MAC CE can only (de)activate LTM TCI states for a single candidate cell. However, a MAC PDU can include multiple MAC CEs. Therefore, one such MAC PDU can already (de)activate LTM TCI states for multiple candidate cells in one shot. Since the same functionality can be already supported by the existing MAC CE structure, there seems to be no strong need to support (de)activating LTM TCI states for multiple candidate cells by a single MAC CE. Also, LTM TCI states of multiple candidate cells can be (de)activated by multiple MAC CEs in multiple shots. Since each MAC CE has a “Candidate Cell ID” field, a MAC CE can only (de)activate LTM TCI states of the candidate cell indicated by the field. After all, it is up to the gNB to decide whether multiple MAC CEs are transmitted in one shot or in multiple shots. In this sense, the existing MAC CE structure is flexible enough. 
Proposal 5
· There is no need to support (de)activating LTM TCI states for multiple candidate cells by a single MAC CE since the same (de)activating functionality can be already supported by the existing MAC CE structure as below.
· One MAC PDU can include multiple MAC CEs and thus can (de)activate LTM TCI states for multiple candidate cells in one shot.

With regard to the TRS configuration, a remaining issue is the UE behavior on tracking TRS or SSB which is the source RS of a TCI state. In our view, the UE behaviors can be different depending on whether the TRS configuration is present in LTM-Candidate-r18 and whether the UE has the capability of tracking TRS before/during the cell switch command.
When the TRS configuration is provided and the UE has the capability, a TCI state pool of a candidate cell can contain type-I TCI state(s) with TRS as the source RS and/or type-II TCI state(s) with SSB as the source RS. In our view, it may not make sense to configure a TCI state pool including only type-II TCI state(s) when the TRS configuration is provided. Before the cell switch command, a UE can be activated with a type-I TCI state or a type-II TCI state. If activated with a type-I TCI state, the UE should track TRS before/during and after the cell switch command. Here, "after the cell switch command” means “after the cell switch command until a legacy TCI state activation MAC CE is received”. If activated with a type-II TCI state, the UE should track SSB before/during and after the cell switch command.
When the TRS configuration is provided and the UE does not have the capability, a TCI state pool can contain type-I TCI state(s) and/or type-II TCI state(s). In our view, it may not make sense to configure a TCI state pool including only type-II TCI state(s) when the TRS configuration is provided. Before the cell switch command, a UE can be activated with a type-I TCI state or a type-II TCI state. If activated with a type-I TCI state, the UE should track SSB before/during the cell switch command. Here, “SSB” means “SSB which is the source of TRS”. And the UE should track TRS after the cell switch command. If activated with a type-II TCI state, the UE should track SSB before/during and after the cell switch command.
When the TRS configuration is not provided, no matter whether the UE has the capability, a TCI state pool can only contain type-II TCI state(s). Before the cell switch command, if activated with a type-II TCI state, the UE should track SSB before/during and after the cell switch command.
Proposal 6
· On the UE behavior on tracking RS, the following should be supported. Hereafter, "after the cell switch command” means “after the cell switch command until a legacy TCI state activation MAC CE is received”.
· When the TRS configuration is provided in LTM-Candidate-r18,
· if the UE has the capability to track TRS before/during the cell switch command,
· if activated with a TCI state of which the resource RS is TRS before the cell switch command, the UE should track TRS before/during and after the cell switch command, 
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· if the UE does not have the capability to track TRS before/during the cell switch command, 
· if activated with a TCI state of which the resource RS is TRS before the cell switch command, the UE should track SSB (which is the source of TRS) before/during the cell switch command, and track TRS after the cell switch command.
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· When the TRS configuration is not provided in LTM-Candidate-r18, 
· if the UE has the capability to track TRS before/during the cell switch command,
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· if the UE does not have the capability to track TRS before/during the cell switch command, 
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
Regarding the UE-based TA acquisition, how to obtain the TA is not specified, and it is up to the UE implementation. However, we think that it should be specified whether the TA offset needs to be considered or not when deriving the TA. Figure 1 just gives an example for a certain UE implementation. As shown in this figure, we need to discuss if the TA offset is considered for the UE-based TA acquisition. This is because that the difference between the UE-based TA acquisition considering the TA offset and the UE-based TA acquisition without considering the TA offset is around 200ns (e.g. TA offset * Tc). According to the RAN4 requirements, the TA error should be smaller than 260ns for FR1. 


Figure 1: An example of UE-based TA acquisition
Regarding the TA offset for the UE-based TA acquisition, both the TA offset before cell switch and the TA offset after cell switch should be discussed. RAN2 has agreed that the UE performs the TA measurement for candidate cell(s) after configured by RRC and it is assumed that the exact time when the UE performs the TA measurement is up to the UE implementation. Therefore, the UE can perform the UE-based TA acquisition before the cell switch command.
Observation 1:  The UE performs the TA measurement for candidate cell(s) after configured by RRC and the exact time when the UE performs the TA measurement is up to the UE implementation (RAN2 assumption).
The TA offset for the RACH towards a candidate cell can be provided by the network via the candidate cell configuration. However, the TA offset only applies to the UL transmission on the candidate cell. In addition, the TA offset in the serving cell configuration of the candidate cell will be applied after the cell switch. Based on these, the TA offset for the UE-based TA acquisition before the cell switch is not provided to the UE and thus the UE-based TA acquisition is not possible.
Observation 2: The TA offset for the UE-based TA acquisition before the cell switch is not provided to the UE and thus the UE-based TA acquisition is not possible.
To implement the UE-based TA acquisition before the cell switch, it is proposed to configure TA offset for candidate cell(s). 
Proposal 7
· RAN1 should agree that the TA offset information for candidate cell(s), which can be used for the UE-based TA acquisition before the cell switch, is provided to the UE.
On how to obtain the TA offset, the following options can be considered. As one option, a specific TA offset can be configured for the UE-based TA acquisition, which is a simple and straightforward solution. As another option, the TA offset used for the early RACH can be used. However, the TA offset used for the early RACH is configured by the network if the early RACH can be used for the candidate cell. Regarding the candidate cell for which the early RACH is not used while the UE-based TA acquisition can be supported, there will be no TA offset for the UE-based TA acquisition since the configuration of the early RACH is not provided. As a third option, the TA offset for the serving cell can be used and the serving cell has the same measured TA ID with that of the candidate cell. This option adds some restrictions on the usage of the UE-based TA acquisition. Therefore, a specific TA offset for the UE-based TA acquisition is preferred.
Proposal 8
· A specific TA offset can be configured for the UE-based TA acquisition on the candidate cell(s) before the cell switch.
For example, the TA offset is configured under LTM-Candidate and outside of ltm-EarlyUL-SyncConfig. 
For the uplink timing, currently, the formula  in the following figure is used.


Figure 2: Uplink-downlink timing relation [TS38.300]
The timing advance (i.e., TA) is used to adjust the uplink timing relative to the downlink timing. In our understanding, when determining the uplink timing after the cell switch, whether  also applies to the UE-based TA acquisition or not should be discussed and specified in standards if necessary. 
If  also applies to the UE-based TA acquisition after the cell switch, a follow-up question is which TA offset () will be used. For example, a TA offset can be additionally configured for the UE-based TA acquisition. Alternatively, same as the legacy TA acquisition (i.e., TA provided by the gNB in the cell switch command), the TA offset in the serving cell configuration can be used for the UE-based TA acquisition. We think that legacy mechanism can be reused.
Proposal 9
· To determine the uplink timing for the target cell after the cell switch, the TA offset in the serving cell configuration of the target cell is used for the UE-based TA acquisition.

Conclusion
In this contribution, we have discussed some remaining issues on further NR mobility enhancements. Our proposals in this contribution are summarized below:
Proposal 1
· When the cell switch command indicates a TCI state for a target cell, it also indicates the same TCI state for the Scells in the same simultaneousU-TCI-UpdateList.
Proposal 2
· To determine the priority rules for the LTM CSI reports, the priority value of a LTM CSI report can be defined as
, or
.
·  for aperiodic LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUSCH,  for semi-persistent LTM CSI reports to be carried on PUCCH and  for periodic LTM CSI reports to be carried on PUCCH;
· c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells; More specifically, c is the serving cell where LTM-CSI-ReportConfig is configured;
·  is the ltm-CSI-ReportConfigId-r18 and  is the value of the higher layer parameter maxNrofLTM-CSI-ReportConfigurations-r18.
Proposal 3
· For CBRA in the RACH-based LTM, after the RACH procedure until a new TCI state is applied,
· if the SSB identified during the RACH procedure is the same as the SSB which is associated with the TCI state (including SSB which is the source of TRS) indicated in the cell switch command, the UE follows the TCI state indicated in the cell switch command,
· otherwise, the UE follows the SSB identified during the RACH procedure.
Proposal 4
· On how to handle the activated LTM TCI states after the cell switch command, it is preferred that the UE retains the activated LTM TCI states only for the target cell due to 
· not much additional UE complexity, and
· benefit on fast beam switching after the cell switch.
Proposal 5
· There is no need to support (de)activating LTM TCI states for multiple candidate cells by a single MAC CE since the same (de)activating functionality can be already supported by the existing MAC CE structure as below.
· One MAC PDU can include multiple MAC CEs and thus can (de)activate LTM TCI states for multiple candidate cells in one shot.
Proposal 6
· On the UE behavior on tracking RS, the following should be supported. Hereafter, "after the cell switch command” means “after the cell switch command until a legacy TCI state activation MAC CE is received”.
· When the TRS configuration is provided in LTM-Candidate-r18,
· if the UE has the capability to track TRS before/during the cell switch command,
· if activated with a TCI state of which the resource RS is TRS before the cell switch command, the UE should track TRS before/during and after the cell switch command, 
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· if the UE does not have the capability to track TRS before/during the cell switch command, 
· if activated with a TCI state of which the resource RS is TRS before the cell switch command, the UE should track SSB (which is the source of TRS) before/during the cell switch command, and track TRS after the cell switch command.
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· When the TRS configuration is not provided in LTM-Candidate-r18, 
· if the UE has the capability to track TRS before/during the cell switch command,
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
· if the UE does not have the capability to track TRS before/during the cell switch command, 
· if activated with a TCI state of which the resource RS is SSB before the cell switch command, the UE should track SSB before/during and after the cell switch command.
Observation 1:  The UE performs the TA measurement for candidate cell(s) after configured by RRC and the exact time when the UE performs the TA measurement is up to the UE implementation (RAN2 assumption).
Observation 2: The TA offset for the UE-based TA acquisition before the cell switch is not provided to the UE and thus the UE-based TA acquisition is not possible.
Proposal 7
· RAN1 should agree that the TA offset information for candidate cell(s), which can be used for the UE-based TA acquisition before the cell switch, is provided to the UE.
Proposal 8
· A specific TA offset can be configured for the UE-based TA acquisition on the candidate cell(s) before the cell switch.
Proposal 9
· To determine the uplink timing for the target cell after the cell switch, the TA offset in the serving cell configuration of the target cell is used for the UE-based TA acquisition.
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