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Introduction
In RAN1 #114bis, a new version of the UE-features list for mobility enhancements was agreed [1]. Below, we provide our comments and proposals for updates to that list.
[bookmark: _Ref178064866]Discussion
Due to the extreme success of cellular combinations more and more of the available spectrum has been allocated for it. With every generation, more bands are included in the cellular specifications, allowing for improved and targeted performance. As a result, the complexity in supporting all resulting band combinations is exponentially increasing and such specification should for that reason be avoided as far as possible – mobility enhancements is no exception. Consequently, we propose that UE-features related to mobility enhancements, as a baseline, are supported per band.
[bookmark: _Toc146901846][bookmark: _Toc149928212]Specifying UE-features per band combination exponentially increase complexity.
[bookmark: _Toc146901850][bookmark: _Toc149928215]UE-features for mobility enhancements are specified per band.
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[bookmark: _Ref149741165]Measurement reporting (FGs 45-1, 45-1a and 45-2)
RAN 1 discussed whether RTD requirements should be included in the component description of Component 1 of FG 45-1. In our understanding, the performance requirements for measurements based on serving cell timing (RTD ≤ CP) and candidate cell timing (RTD > CP) may differ. For this reason, we think it would be beneficial to provide the NW with information about the UE capabilities related to measurements on candidates with RTD ≤ CP and RTD > CP. However, the NW cannot guarantee that the RTD is smaller than a certain value. Nor will the UE estimate the RTD of any signal, to check if the RTD is larger than the CP. The UE would simply measure under a certain timing assumption, either the serving cell timing, or the candidate cell timing. The additional information about measurement capabilities related to measurements on candidates with RTD > CP would serve as additional information to the NW, but the UE would always accept the RRC configuration, provided that the number of configured candidates is below the maximum limit. To capture this, we propose to add components in 45-1 that describe the UE measurement capability on candidates with RTD>CP. We would also clarify that the UE would never reject the RRC configuration based on these new components.
[bookmark: _Toc149928216]Add components specifying the UE measurement capability for RTD > CP in 45-1.
[bookmark: _Toc149928217]Add notes stating that the UE would not reject the RRC configuration based on components related to measurements on candidates with CP>RTD.
Regarding Component 3 in FG 45-1 and 45-1a, it is our understanding that RAN1 and RAN4 share the responsibilities for measurements in that RAN4 is responsible for specifying measurement capabilities whereas RAN1 is responsible for specifying reporting capabilities. If that split should be adhered to also for Rel-18 mobility, Component 3 and 5 in FG 45-1 and FG 45-1a can be left for RAN4 to specify, i.e., it can be deleted from FG 45-1 and FG 45-1a.
[bookmark: _Toc149928218]Leave FG 45-1, Component 3 for RAN4 to decide, i.e., delete Component 3 from FG 45-1 and 45-1a.
If there is a reasonable definition of “configured to measure” that would result in a different limitation compared to Component 2, we would be willing to reconsider.
We note that, since FG 45-1 is limited to intra-frequency measurements, including component carriers in the description becomes irrelevant. 
[bookmark: _Toc149928213]For Component 5, no CCs are available for intra-frequency measurements.
We also do not see why the serving cell should be included in Component 5. After all, to report serving cell LTM measurements, the serving cell must be one of the candidates. 
For the candidate value range of Component 5, there are 2 SSBs per slot, at least if we define the slot length based on the same SSB numerology, which is the reasonable choice here. Therefore, the component candidate values should be twice the component candidate values of Component 2:
[bookmark: _Toc149928219]Add candidate component values 10, 12, 14, 16 to Component 5 in FG 45-1 and FG 45-1a.
The split of intra-frequency and inter-frequency measurements into FG 45-1 and FG 45-1a is positive since it allows for a minimalistic implementation of the most common use case. The intra-frequency measurement feature group should be a pre-requisite for the inter-frequency feature groups, so that we can rely on what is signaled in FG 45-1 when defining the inter-frequency measurements. However, we do not see the motivation to signal Component 4 in FG 45-1a, i.e., the number of values to include the report should be same as in the intra-frequency case. We do not see that it is likely that the UE would ever report a different value for FG 45-1a than in FG 45-1. Therefore, we propose to delete Component 4 from FG 45-1a.
[bookmark: _Toc149928220]Delete Component 4 from FG 45-1a.
There is no reason why an inter-frequency measurement capability should result in increased component values from what is already the UE already report in FG 45-1. A similar argument could be made for Component 2, but the situation is less clear. Therefore, we are OK to keep Component 2.
In RAN1#114bis, there was a discussion about measurement gaps. Although this is primarily in RAN4’s domain, we propose to limit FG 45-1a to operation with measurements gaps, since this is the main mode of operation for inter-frequency measurements. We have then added a new feature group FG 45-1b to describe the case without measurement gaps. FG 45-1b contains Components 2 and 5 from FG 45-1a, with obvious modifications.
[bookmark: _Toc149928221]Split FG 45-1a into FG 45-1a and FG 45-1b to differentiate between inter-frequency L1 measurements with and without gap, respectively.
The above preferred proposals are summarized in Table 1 with changes indicated using change marks.
[bookmark: _Ref149729026]Table 1: Proposed FGs 45-1, 45-1a, 45-1b and 45-2.
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of [RTD > CP and RTD <= CP] intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time]
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement  
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cell across all CC ]
6. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement with Rx timing difference larger than CP
	2-21 or 2-22 or 2-23 or 2-23a
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	[Per band/BC]
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
[Component 3 candidate values: {1,2,3,4,5,6,7, 8}]
Component 4 candidate values: 
L: {1, 2,3,4}
M: {1, 2,3,4}
M  L: {1,2,3,4[, 6, 8, 9, 12, 16]}

[Component 5 candidate values: {1,2,4,8,10,12,14,16}]

Component 6 candidate values {1,2,3,4,5,6,7,8}

Note: the UE would not reject the RRC configuration based on component 6




	45-1a
	Inter-frequency L1 measurement with gap and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of inter- frequency L1- RSRP measurement [with and/or without gap] and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency with gap L1-RSRP measurement
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time for intra- and inter-frequency L1-RSRP measurement]
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cells across all CC for intra- and inter-frequency with gap L1-RSRP measurement
6. The max number of SSB resources configured to measure L1-RSRP across all the candidate cells and serving cells for intra- and inter-frequency L1-RSRP measurement]

	2-21 or 2-22 or 2-23 or 2-23a, 45-1
	UE does not support inter-frequency L1 measurement with gap and reports for Rel-18 LTM operation
	[Per band/BC]
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
[Component 3 candidate values: {1,2,3,4,5,6,7,8}]
Component 4 candidate values: 
L: {1,2,3,4}
M: {1,2,3,4}
M  L: {1,2,3,4, [6, 8, 9, 12, 16]}
Component 5 candidate values: {1,2,4,8,16}

Component 8
candidate values:
{2,4,8,12,16,32,64}

Note: The component 5/6 are also counted in FG16-1g/16-1g-1

	45-1b
	Inter-frequency L1 measurement without gap and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of inter- frequency L1- RSRP measurement without gap] and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cells for intra- and inter-frequency without gap L1-RSRP measurement

	45-1a
	UE does not support inter-frequency L1 measurement without gap and reports for Rel-18 LTM operation
	Per band
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
Component 5 candidate values: {1,2,4,8,16}

Note: The component 5/6 are also counted in FG16-1g/16-1g-1



	45-2
	Inclusion of current SpCell in the L1 measurement report
	1. Support of always including the current SpCell in the L1 measurement report
	45-1
	UE does not always include measurement report for SpCell in the L1 measurement report
	[Per band/BC]
	



LTM execution (FGs 45-3, 45-3a, 45-4 and 45-4a)
FG 45-3 and 45-4
The main discussion point of Component 2 in FG 45-3 and 45-4 is if the configuration should include the number LTM TCI states only, or the number of LTM TCI states and serving cell TCI states. Restriction on configurations target to limit the UE memory consumption, and the motivation for the second option is that it enables the UE to pool the memory between the LTM TCI states and serving cell TCI states. There are two issues with this approach:
1. The specification allows a large number of serving cell TCI states: there can be up to 128 per BWP, per cell. Since this FG would have to be across all serving cells, the total number would have to be huge: larger than 16384. Adding eight candidate cells would not significantly change that number.
2. Obviously, the memory of the UE is used to store other RRC IEs than the TCI states: there is not a memory pool in the UE reserved for TCI states and LTM TCI states. Then it is not clear why we should limit the number of LTM TCI states and serving cell TCI states.  
Based on this, we propose that Component 2 only limits the number of LTM TCI states, across all candidate cells:
[bookmark: _Ref149896826][bookmark: _Toc149928222]For FG 45-3 and 45-4, Component 2, the maximum number of configured LTM TCI states are specified across all candidate cells. 
For Components 4 and 5, we observe there is no requirement that the UE should be able to receive PDCCH or PDSCH using the LTM TCI states: the LTM TCI states were introduced to facilitate the important DL pre-synchronization. Therefore, Component 4 and 5 should be removed, or at least reformulated:
[bookmark: _Toc149928223]For FG 45-3, remove Components 4 and 5
[bookmark: _Toc149928224]For FG 45-4, remove Components 5 and 5.
Component 6 is really required – without that LTM will not work. We realize that RAN2 is planning to introduce a similar capability. But for now, Component 6 must be included.
[bookmark: _Toc149928214]Without Component 6, LTM will not work.
FG 45-3a and 45-4a
FG 45-3a and 45-4a discuss pre-activation of LTM TCI states. Unlike the RRC configuration discussed in Proposal 8, the number of activated serving cell TCI states is quite small, and the addition of activated LTM TCI states would be significant. Also, the processing capability used to handle activated serving cell TCI states can be reused to handle activated LTM TCI states, but nothing else. That is, neither of the issues related to RRC configurations in FG 45-3 and 45-4 are relevant here. In our view, there is a need to have components that put a gap on the total number of activated TCI states, i.e.., the sum of activated LTM TCI states and serving cell TCI states. Alike the configuration of TCI states, activation, in our understanding, is based on implementation constraints unrelated to a specific band but instead restricted by the overall UE capability: the LTM TCI states and serving cell TCI states must be considered jointly. Also, there is a need to specify the number of LTM TCI states across all candidate cells separately. For that reason, we propose to specify the activation of LTM TCI states over all candidate and serving cells and across all bands.
[bookmark: _Toc149928225]For FG 45-3a and 45-4a, the maximum number of activated LTM TCI states are specified across candidate cells and.
[bookmark: _Toc149928226]Add a component in FG 45-3a and 45-4a that limits the total number of activated TCI states, i.e., the sum of the activated LTM TCI states and the activated serving cell TCI states.
The above proposals are summarized in Table 2 with changes indicated in using change marks.
[bookmark: _Ref149740230]Table 2: Proposed FGs 45-3, 45-3a, 45-4 and 45-4a.
	45-3
	LTM beam indication with joint DL/UL TCI states 
	1. Support of unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure. 
2. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells [and serving cells] [in a band]
3. Support of indicating and activating a single joint LTM TCI state in a cell switch command. 
[4. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[5. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	
	UE does not support Rel-18 LTM operation
	[Per band/BC]
	Component 2 candidate values: FFS

FFS: how to count total number of joint TCI states


	45-3a
	MAC-CE activated joint LTM TCI states
	1. Maximum number of MAC-CE activated joint LTM TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
2. Maximum number of MAC-CE activated joint LTM TCI states across all candidate cells, and MAC-CE activated serving cell joint TCI states across all serving cells.
	45-3
	UE does not support MAC-CE activated joint LTM TCI states
	[Per band/BC]
	Component 1 candidate values for K: FFS

	45-4
	LTM beam indication with separate DL/UL TCI states 
	1. Support of unified TCI with separate DL/UL TCI-state indication for LTM procedure. 
2. Maximum number of configured DL LTM TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
3. Maximum number of configured UL LTM TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
4. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command. 
[5. Support TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception
[5. Support TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	45-3
	UE does not support Rel-18 LTM operation with separate DL/UL TCI states
	[Per band/BC]
	Component 2 candidate values: FFS
Component 2 candidate values: FFS


	45-4a
	MAC-CE activated DL/UL TCI states
	1. Maximum number K1 of MAC-CE activated DL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
2. Maximum number K2 of MAC-CE activated UL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
3. Maximum number of MAC-CE activated DL TCI states across all candidate cells and MAC-CE activated serving cell DL TCI states across all serving cells 
4. Maximum number of MAC-CE activated UL TCI states across all candidate cells and MAC-CE activated serving cell UL TCI states across all serving cells 
	
	UE does not support MAC-CE activated DL/UL TCI states
	[Per band/BC]
	Component 1 candidate values: FFS

Component 2 candidate values: FFS



TA acquisition (FG 45-5, 45-6 and 45-7)
RAN1 defined a new procedure to perform early TA acquisition on candidate cells, and only on candidate cells. Therefore, the statement for “serving and non-serving cells” is incorrect and should be removed. Note that when the cell field in the PDCCH order indicates a serving cell, (value 0), the UE performs a legacy PDCCH order which is supported by all UEs.
In our view, there is no need for a component value: the UE can be triggered to transmit PRACH towards any of the candidate cells that has been configured with the EarlyUL-SyncConfig. 
Component 3 in FG 45-5 is important and should be included: all UEs that support early TA acquisition should support the overlap handling agreed.
In FG 45-7, the statement “with and without RACH” is confusing, since the UE can also be configured to perform RACH after the cell-switch, and in this case, there is no need for the UE to support a TA indication in the cell switch command. The current formulation suggests that the UE would have to support TA indication in the cell switch command also when a RACH procedure is performed after the cell switch command, in which case the UE would anyway ignore the TA in the cell switch command. Also, RAN2 uses the term “RACH less operation” for the case where RACH-based early TA acquisition is performed. To avoid the risk of confusion, we propose:
[bookmark: _Toc149928227]For FG 45-7, remove the text “with and without RACH”. 
[bookmark: _Toc149928228]Support FG 45-5, Component 3.
The above proposals are summarized in Table 1 with changes indicated with change marks.
Table 3: Proposed FGs 45-5, 45-6 and 45-7.
	45-5
	RACH-based early TA acquisition
	1. TA acquisition of candidate cell(s) based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE [for serving and non-serving cell]
2. Power ramping for PRACH retransmission based on PDCCH order indication
[3. Handling the overlap between UL transmission on serving cell and PRACH on intra- or inter-frequency candidate cell(s)] 
	
	RACH-based early TA acquisition is not supportedFFS
	[Per band/BC]
	[Component 1 candidate values {1, FFS}]

	45-6
	UE-based TA measurement 
	1. Support of UE-based TA measurement
2. Maximum number of candidate cells that the UE maintains the TA for
	
	UE-based TA measurement is not supported 
	[Per band/BC]
	Component 2 candidate values: {1,2,3,4,5,6,7,8}

	45-7
	TA indication in cell switch command with and without RACH
	Support of TA indication in cell switch command with and without RACH
	
	TA indication in cell switch command with and without RACH is not supported 
	[Per band/BC]
	



Conclusion
In the previous sections we made the following observations: 
Observation 1	Specifying UE-features per band combination exponentially increase complexity.
Observation 2	For Component 5, no CCs are available for intra-frequency measurements.
Observation 3	Without Component 6, LTM will not work.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE-features for mobility enhancements are specified per band.
Proposal 2	Add components specifying the UE measurement capability for RTD > CP in 45-1.
Proposal 3	Add notes stating that the UE would not reject the RRC configuration based on components related to measurements on candidates with CP>RTD.
Proposal 4	Leave FG 45-1, Component 3 for RAN4 to decide, i.e., delete Component 3 from FG 45-1 and 45-1a.
Proposal 5	Add candidate component values 10, 12, 14, 16 to Component 5 in FG 45-1 and FG 45-1a.
Proposal 6	Delete Component 4 from FG 45-1a.
Proposal 7	Split FG 45-1a into FG 45-1a and FG 45-1b to differentiate between inter-frequency L1 measurements with and without gap, respectively.
Proposal 8	For FG 45-3 and 45-4, Component 2, the maximum number of configured LTM TCI states are specified across all candidate cells.
Proposal 9	For FG 45-3, remove Components 4 and 5
Proposal 10	For FG 45-4, remove Components 5 and 5.
Proposal 11	For FG 45-3a and 45-4a, the maximum number of activated LTM TCI states are specified across candidate cells and.
Proposal 12	Add a component in FG 45-3a and 45-4a that limits the total number of activated TCI states, i.e., the sum of the activated LTM TCI states and the activated serving cell TCI states.
Proposal 13	For FG 45-7, remove the text “with and without RACH”.
Proposal 14	Support FG 45-5, Component 3.
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