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Introduction
In this contribution we present our views on the UE feature list for enhanced mobility WI [1]. In addition, we have tried to adhere to the guidelines in [2] and the updated guidelines in [3].
[bookmark: _Ref178064866]Discussion
Mobility enhancements WI consists of three major objectives,
1.	Beam indication,
2.	Measurement reporting, and
3.	TA management,
and we think it makes sense to also address UE features along the same divide.
In general, UE features related to the unified TCI framework are provided per band. However, there is a complicating factor for mobility enhancements in that inter-frequency FGs may be needed per band combination. Nevertheless, RAN1 should adhere to the established practice on providing UE features related to the TCI framework per band.
[bookmark: _Toc142682228]UE-features related to the unified TCI framework are provided per band.
Beam indication
The first FG of mobility enhancements, 45-1, should include the minimum set for which the feature can be supported, i.e., the basic cell switch command with minimum UE complexity. In our view, and with respect to beam indication (cf. Sec. 2.3 for discussion on Component 4 of FG 45-1), that includes three components:
1. Beam indication based on Rel-17 joint TCI states, since this is the simplest implementation of Rel-17 unified TCI,
2. Support of a single TCI state, which in turn implies that:
3. TCI state activation is received jointly with the cell switch command.
In addition to the minimum set of FG 45-1, RAN1 has agreed to support joint TCI state activation ahead of the cell switch command, which we denote FG 45-2. To do so, the UE is required to support additional TCI states, which thus is an evident a component of FG 45-2. The minimum number of additional TCI states that are needed for supporting this feature group is 1 although we don’t preclude higher values, e.g., if the network wants to leave multiple options open for candidate cells.
Rel-17 unified TCI also includes separate DL/UL TCI updates. This reporting should also be supported in Rel-18 mobility enhancements. Since the reporting will differ from legacy, a dedicated FG is required, although the legacy group is a prerequisite. To avoid any ambiguities, separate UL/DL TCI state activation ahead of beam indication is given an FG of its own.
Table 1 provides an overview of the proposed feature groups for beam indication.
[bookmark: _Toc142682229]Adopt the UE features related to beam indication as presented in Table 1.
[bookmark: _Ref140513803]Table 1: Proposed UE-features related to beam indication. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	45-1
	Basic cell-switch command functionality with beam indication and joint TCI state activation
	1. Beam indication based on Rel-17 joint TCI states
2. Single TCI state
3. Receive TCI state activation jointly with beam indication in cell switch command
4. Receive candidate cell’s TA
	23-1
	

	45-2
	Joint TCI state activation ahead of beam indication
	Support for joint TCI state activation ahead of beam indication.
1. # additionally supported joint TCI states
	45-1
	


Minimum is 1 additional TCI state

	45-3
	Separate UL/DL TCI states
	1. Beam indication based on Rel-17 pair of DL/UL TCI states
2. Single pair of DL/UL TCI states
	FG 23-10, FG 45-1
	

	45-4
	Separate UL/DL TCI state activation ahead of beam indication
	Support for separate DL/UL TCI state activation ahead of beam indication.
1. # additionally supported DL TCI states
2. # additionally supported UL TCI states
	45-3
	


Minimum is 1 additional DL TCI state
Minimum is 1 additional UL TCI state



Measurement reporting
For legacy L3 measurements, RAN4 was responsible for specifying the actual intra- and inter-frequency measurement capabilities, whereas RAN1 was responsible for specifying the reporting capabilities of said measurements. There is no reason why LTM should deviate from that established practice. RAN1 has so far discussed both measurement spectrum, measurement types and measurement signals but for both types and signals RAN1 has only agreed to L1-RSRP and SSB measurements, respectively, and only supporting SSB has been agreed in RAN. Hence, the only differentiator among the three above quantities is intra-frequency vs inter-frequency measurements. In our understanding, the reporting of the two does not differ, thus only one FG, 45-5, is needed for RAN1 to specify the extent of measurement reporting, cf. Table 2.
Additionally, RAN1 has discussed measurement reporting quantities. It should be noted that the UE’s actual measurement capability is a RAN4 capability. For the reporting, existing RAN1 agreements states that the maximum number of reported cells, Lmax, the maximum number of reported beams per cell, Mmax and the maximum total number of reported beams, (M  L) max, are based on UE capabilities. For that reason, we propose to include the measurement quantities as components in FG 45-5.
[bookmark: _Toc142682223]The UE’s actual measurement capability is a RAN4 capability whereas the UE’s reporting capability is a RAN1 capability.
[bookmark: _Toc142682224]The number of reported cells, M, and number of beams per cell, L, as well as the total number of beams, M  L, for beam selection have already been agreed to be UE capabilities.
Regarding the matter whether the current SpCell can be included or not in the measurements, which is already agreed to be a UE-feature, this should be included as a component in FG 45-5.
[bookmark: _Toc142682225]Including the current SpCell in the L1 measurement report has been agreed to be based on UE capability.
Finally, there are no reason why measurements reporting should not follow the legacy Rel-15 measurement reporting principles, including its capabilities. RAN1 has agreed on four reports for periodic, semi-persistent and aperiodic reporting over PUCCH and PUSCH. For PUCCH-based reporting, and in line with legacy reporting, differentiating components relate to the number of symbols that are used for each PUCCH-based reporting format. However, due to the more structured format for LTM reporting, as described in [4], it is not desirable to recycle legacy reporting features. 
[bookmark: _Toc142682230]Adopt the UE features related to measurement reporting as presented in Table 2.
[bookmark: _Ref140513887]Table 2: Proposed UE-features related to measurement reporting.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	45-5
	LTM L1-RSRP reporting on SSB
	1. Support SSB-based L1-RSRP intra-and inter-frequency measurement reporting
2. Maximum #reported cells, Mmax
3. Maximum #reported beams per cell, Lmax
4. Maximum total #reported beams, (M  L)max
5. Support to include current SpCell in L1 measurement report
	
	



	45-6
	Periodic LTM report on PUCCH
	Support periodic LTM report on PUCCH
1. Support reports on PUCCH formats over 1-2 OFDM symbols once per slot
2. Support reports on PUCCH formats over 4-14 OFDM symbols once per slot
	45-5
	

	45-7
	Semi-persistent LTM report on PUCCH
	Support semi-persistent LTM report on PUCCH
1. Support reports on PUCCH formats over 1-2 OFDM symbols once per slot
2. Support reports on PUCCH formats over 4-14 OFDM symbols once per slot
	45-5
	

	45-7a
	Semi-persistent LTM report on PUSCH
	Support semi-persistent LTM on PUSCH
	45-5
	

	45-8
	Aperiodic LTM report on PUSCH
	Support aperiodic LTM report on PUSCH
	45-5
	



[bookmark: _Ref142240869]TA management
In order to allow the fundamental baseline implementation of the mobility enhancements feature, one component of FG 45-1, should include the capability to receive TA commands. In our opinion, without this component, the feature will be too restrictive since it will essentially only be able to cover microcells and/or multi-TRP implementations where there is little need for TA due to short distances. 
In addition, RAN1 has agreed to include two features related to TA:
1. Support for PDCCH ordered PRACH ‘with RAR’ or ‘without RAR’, and
2. If ‘with RAR’ is supported, further support storing a maximum number of TA values, NTA-max.
Here it should be noted that with respect to 1, RAN2 has agreed to only support ‘without RAR’ [5] for which reason it makes no sense for RAN1 to include ‘with RAR’ as a RAN1 capability.
[bookmark: _Toc142682226]For PDCCH ordered (P)RACH, it has already been agreed that a UE can report supporting ‘without RAR’ and/or ‘with RAR’. However, RAN2 has agreed to only support ‘without RAR’.
With respect to 2 above, there are existing agreement stating that the maximum number of TA values stored by the UE is based on capability. However, RAN1 is still awaiting the RAN4 response about the feasibility of supporting the mechanism. Before that has been received, it is not justified to include a corresponding capability in the RAN1 UE features.
[bookmark: _Toc142682227]The maximum number of TA values memorized by UE has already been agreed to be a UE capability but RAN1 should await RAN4’s response about the feasibility of the mechanism before including a corresponding feature.
[bookmark: _Toc142682231]Adopt the UE features related to TA management as presented in Table 3.
[bookmark: _Ref140515371]Table 3: Proposed UE-features related to TA management.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	45-9
	Early sync w/o RAR
	Support for candidate cell(s) TA acquisition before cell switch command is received
	
	



Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE’s actual measurement capability is a RAN4 capability whereas the UE’s reporting capability is a RAN1 capability.
Observation 2	The number of reported cells, M, and number of beams per cell, L, as well as the total number of beams, M  L, for beam selection have already been agreed to be UE capabilities.
Observation 3	Including the current SpCell in the L1 measurement report has been agreed to be based on UE capability.
Observation 4	For PDCCH ordered (P)RACH, it has already been agreed that a UE can report supporting ‘without RAR’ and/or ‘with RAR’. However, RAN2 has agreed to only support ‘without RAR’.
Observation 5	The maximum number of TA values memorized by UE has already been agreed to be a UE capability but RAN1 should await RAN4’s response about the feasibility of the mechanism before including a corresponding feature.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE-features related to the unified TCI framework are provided per band.
Proposal 2	Adopt the UE features related to beam indication as presented in Table 1.
Proposal 3	Adopt the UE features related to measurement reporting as presented in Table 2.
Proposal 4	Adopt the UE features related to TA management as presented in Table 3.
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