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1. [bookmark: _Ref165266342]Introduction
As the outcome of RAN1 #104-e, an LS [1] was sent to RAN2/3/4 for answers related to L1/L2-centric mobility which is the one of the Rel-17 FeMIMO topics on the enhancement on multi-beam opearation. Per WID[2], the work item aims at following goals. 
	Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
· Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
· Unified TCI framework for DL and UL beam indication
· Enhancement on signalling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signalling (as opposed to RRC)


During the RAN1 discussions, questions were raised to seek RAN4 inputs on considering additional scenarios beyond the intra-frequency intra- and inter-cell mobility such as inter-band CA and inter-frequency scenarios.
In this paper, we provide the views on the L1/L2 intra- and inter-cell mobility and potential RAN4 impacts as the basis of the answers to the RAN1 LS questions.
2. Brief Overview on L1/L2 Mobility
According to the RAN1/2 discussion, there are two schemes identified and considered for realizing L1/L2 centric mobility. 
· Scheme 1: Beam-based mobility (Dynamic Point Selection-based mobility) where the indicated beam can be from a non-serving cell
· Scheme 2: Serving cell-based mobility where serving cell can be changed by L1/L2 signalling among a set of configured candidate cells
Scheme 1: Beam-based Mobility:
Scheme1 is built upon the extension in the TCI framework. UE is additionally configured with TCI state QCL-ed with non-serving cell with different PCI. By including the non-serving cell via the TCI state, it is possible to perform Dynamic Point Selection (DPS) via activation of the TCI state of a non-serving cell, which is based on configured L1 measurement resources. Note schemem1 cannot switch the PCell context without L3 signaling.
Scheme 2: Serving cell-based Mobility:
Scheme2 is motivated to switch the PCell by referencing the established flow of carrier aggregation to activate the target cell for the PCell, similar to the activation of SCell. The decision on the target cell can be based on the evaluation of the L1 measurement reports on the cells in the activated serving cell set which can be firstly configured via RRC signaling and maintained via L1/L2 signaling. 
It is thus obvious that both scheme1 and scheme2 rely on L1 measurements and the measured resources can be configured to the UE for qualified neighbor cells. Due to the enhanced measurement requirement, RAN4 impacts are expected.
Observation1: Both scheme1 and scheme2 of the L1/L2 mobility set new requirements to include extra L1 resources from neighbor cells for L1 measurements with RAN4 impacts.
2.2 Views on RAN1 LS Questions
In this section we further share the views on the questions 5 and 6 raised by RAN1 in [1]. They are related to the scenarios of L1/L2 mobility.

	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 
Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.



Question 5 was brought up in the discussion whether inter-band CA scenario can be supported, i.e. the serving and non-serving cells can belong to the different frequency bands. As observation1 indicates, the inter-band CA scenario thus requires UE to perform L1 measurements on the resources in an inter-band cell. Since the purpose of the scenario is to extend the mobility use case, it shall be clarified at RAN4 whether the same cell timing can be assumed as what is employed by UE for measuring the L1 resources in the serving cell. To address ths, we may firstly revisit the RAN4 MRTD requirement per 38.133 7.6.4.
	Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.






Observation2: RAN4 MRTD requirements for inter-band CA show that the difference of inter-band cell timings can be larger than the cyclic prefix (CP) duration. 
Due to observation2, it is necessary that an indication be provided to UE as the reference cell timing for measuring the L1 resources of the inter-band non-serving cells, which is not yet available in the L1 resource configuration for RSRP in the legacy NR specification. In other words, unlike intra-band CA, one common TCI state may be optionally applied to CCs in a band but not across different bands. We thus propose following in response to the question 5 of the RAN1 LS.
Proposal1: RAN4 would like to ask separate reference signals be configured in each band for L1 measurement and beam indication if inter-band CA is considered for L1/L2 centric inter-cell mobility.  
Still for the intra-band CA scenario, it’s confirmed “RAN1 has agreed to support intra-frequency scenarios”. Hence a natural question is if the support can be extended to the inter-frequency scenario. From RAN4’s perspective, the consequence of considering inter-frequency scenario requires UE to perform L1 measurements on the inter-frequency resources as observation1. However, as in our understanding, conventional L1 measurements such as L1-RSRP based on SSB resources are deemed to be measurable without the need of employing the measurement gap as there is no need to identify the cells or retune the radio frequency path when the resource is configured within the active BWP. 
The RAN4 impact can be the extra UE complexity to handle the added L1 measurements within the gap. It also shall be noted that including additional L1 tasks within the gap could cause longer latency in the existing measurement requirements and increased carrier-specific scaling factor within the gap. This also means existing signaling may have to be modified for indicating the measurement gap configuration in the L1 resource configuration. In view of these potential issues, it is preferred not to consider inter-frequency L1 measurements that could require UE to handle them within the gap.
Observation3: L1/L2 based mobility could result in L1 measurements to be handled within the measurement gap.
Still, since RAN4 has defined following conditions for performing inter-frequency SSB based measurements without measurement gap in 38.133 9.3.1, we think inter-frequency L1 measurements may be supported if,
	· the UE supports interFrequencyMeas-Nogap-r16 [15], and
· interFrequencyConfig-NoGap-r16 [15] is indicated, and 
· the SSB is completely contained in the active BWP of the UE.


Proposal2: RAN4 would like to confirm if supported, the inter-frequency scenario shall not incur employing the measurement gaps for any L1-RSRP measurements.
To conclude, we further propose,
Proposal3: Agree and capture proposals 1 and 2 as answers to questions5 and 6 in a reply LS to RAN1.
3. Conclusion
In this document, we provided baseline concepts overview of the schemes for L1/L2 inter-cell mobility and views on the questions raised in the LS R1-2102248 [1]. Based on those, we observe and propose the following:
Observation1: Both scheme1 and scheme2 of the L1/L2 mobility set new requirements to include extra L1 resources from neighbor cells for L1 measurements with RAN4 impacts.
Observation2: RAN4 MRTD requirements for inter-band CA show that the difference of inter-band cell timings can be larger than the cyclic prefix (CP) duration. 
Observation3: L1/L2 based mobility could result in L1 measurements to be handled within the measurement gap.
Proposal1: RAN4 would like to ask separate reference signals be configured in each band for L1 measurement and beam indication if inter-band CA is considered for L1/L2 centric inter-cell mobility.  
Proposal2: RAN4 would like to confirm if supported, the inter-frequency scenario shall not incur employing the measurement gaps for any L1-RSRP measurements.
Proposal3: Agree and capture proposals 1 and 2 as answers to questions5 and 6 in a reply LS to RAN1.
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1. Overall Description:
RAN4 has discussed the issues of questions 5 and 6 raised in the LS from RAN1 to RAN4 titled “LS on TCI State Update for L1/L2-Centric Inter-Cell Mobility”.
RAN4 understands the potential impacts due to the introduction of L1 mesurement on the non-serving cell resources in the scenarios of inter-band CA and inter-frequency.
RAN4 would like to provide the following responses to RAN1 and RAN2:
“
Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 
”
RAN4: RAN4 would like to ask separate reference signals be configured in each band for L1 measurement and beam indication if inter-band CA is considered for L1/L2 centric inter-cell mobility.  
“
Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.
”
RAN4: RAN4 would like to confirm if supported, the inter-frequency scenario shall not incur employing the measurement gaps for any L1-RSRP measurements.

2. Actions:
To RAN2:
RAN4 kindly asks RAN1/RAN2 to consider above responses in the design of L1/L2-centric inter-cell mobility.

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #99-e		  19 May – 27 May, 2021
TSG-RAN4 Meeting #100-e		  TBD, Aug, 2021
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