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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
There were discussions on mobility requirements for RedCap UEs in RAN4 102-e. In the WF [1] the remaining open issues were captured on the folwwing topics.
· Impact on Tsearch (in HO) for 1Rx for FR1,
· HO to target cell when SSB used for measurement and SSB associated with RACH BWP is different
· HO to a RedCap specific BWP with NCD-SSB (no CD-SSB)
· Requirements for handover to RedCap specific BWP with NCD-SSB (no CD-SSB)
· Handover to RedCap specific BWP with no SSB  
This paper discusses the selected issues among the listed above and provide our views.
2. Discussion
Impact on Tsearch (in HO) for 1Rx for FR1
The open issue is related to extension of Tsearch for 1 Rx RedCap UE as follows [1]:
	Impact on Tsearch (in HO) for 1Rx for FR1
· Option 2 (HW, QC): 
· For HO to FR1, Tsearch = 3*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-frequency HO
· Compromise option from moderator (E///, Apple, MTK, Nokia, vivo):
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO



The difference between the two options is Tsearch for intra-frequency HO which is equal to Trs for non-Redcap UE case. Assuming the similar performance between one sample 2Rx. reception and two samples with 1 Rx. reception, the compromised option seems to be acceptable.  
Proposal 1: TSearch in HO requirements for 1 Rx in FR1 is defined as: 
· For Intra-frequency HO: Tsearch = 2*Trs
· For inter-frequency HO: Tsearch = 5* Trs 

HO to target cell when SSB used for measurement and SSB associated with RACH BWP is different
The open issue is related to RACH BWP for RedCap UE as follows [1]:
	HO to target cell when SSB used for measurement and SSB associated with RACH BWP is different
· Option 1 (E///): The UE is not expected to perform HO to the target cell when:
· It has done measurement in target cell on SSB which is different than the SSB associated with BWP where RACH is configured and if the separation between initial BWP and Redcap BWPs is larger than 20 MHz for FR1 and 100 MHz for FR2



Even though maximum BWP size for RedCap UE is 20 MHz for FR1 and 100 MHz for FR2. There are no requirements of minimum bandwith for RedCap UE and it would be no less than SSB bandwidth in the actual operating band. Also, it is up to NW decision to choose target SSB for handover as well as configuration of SSB for measurement report and the related association of RACH BWP. If we define HO requirements depending on the separation between initial BWP and RedCap BWPs within maximum BWP size, it limits RedCap UE’s RF bandwidth to maximum BW of 20 MHz for FR1 and 100 MHz for FR2.
Observation 1: There are no requirements of minimum bandwith for RedCap UE and it would be no less than SSB bandwidth in the actual operating band.
Proposal 2: Do not introduce HO requirements depending on the separation between initial BWP and RedCap BWPs when SSB used for measurement and SSB associated with RACH BWP is different.
HO to a RedCap specific BWP with NCD-SSB (no CD-SSB)
The open issue is related to HO to in RedCap specific BWP with NCD-SSB (no CD-SSB) as follows [1]:
	HO to a RedCap specific BWP with NCD-SSB (no CD-SSB)
· Option 1 (E///): Handover directly to a RedCap specific BWP where only NCD-SSB is transmitted is supported when: 
· the difference of center frequency between NCD-SSB of target BWP and CD-SSB of initial BWP of target cell is not larger than 20MHz in FR1 and 100MHz in FR2,
· the diffence of reception power between NCD-SSB and CD-SSB is less than 3 dB,
· the periodicity of NCD-SSB and CD-SSB is the same



Even though RAN4 waits for Reply LS from RAN2 in response to the LS with an inquiry on intra-frerquency measurement definition and the possibility of directo HO to redcap BWP associated with NCD-SSB from RRC signaling poiunt of view [2], we can discuss based on  RAN2 agreements in the recent meeting draft[3] as well as RRC specification point of view [4]. 
In the recent meetings, RAN2 reaches agreements as below [3]:
8. RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.
9. For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)
10. servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.
11. A RedCap UE may be configured with multiple NCD-SSBs, but only one per BWP (FFS on what "only one per BWP" means).
12. The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.
13. NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)
14. The discussion on whether a non-RedCap UE should be able to use NCD-SSB instead of CD-SSB is deprioritized in Rel-17.
15. ..
16. For RedCap-specific BWP, both common and dedicated configurations are provided using full configuration, i.e., delta configuration is not supported.
17. ..
Observation 2:  It is possible to configure CD-SSB and/or multiple NCD-SSB but only one per BWP and , it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact) for neighbour cell measurements.
Observation 3: Direct HO to RedCap BWP would be possible through dedicated configuration of RedCap BWP even though CD-SSB should be signalled in ServingCellConfigCommon->...-> frequencyInfo-DL->absoluteFrequencySSB. UE and it would be no less than SSB bandwidth in the actual operating band.
As point in 2.2, if we define HO requirements depending on the separation between initial BWP and RedCap BWPs within maximum BWP size, it limits RedCap UE’s RF bandwidth to maximum BW of 20 MHz for FR1 and 100 MHz for FR2.
Proposal 3: Do not introduce HO requirements depending on either the separation between initial BWP with CD-SSB and RedCap BWPs with NCD-SSB or power difference between NCD-SSB and CD-SSB.
Requirments for handover to RedCap specific BWP with NCD-SSB (no CD-SSB) 
The open issue is related to handover requirements to RedCap specific BWP with NCD-SSB (no CD-SSB) as follows [1]:
	Requirements for handover to RedCap specific BWP with NCD-SSB (no CD-SSB)
· Option 1 (E///): Legacy handover requirements can be reused for handover to a target RedCap specific BWP where NCD-SSB is transmitted when the periodicity of NCD-SSB and CD-SSB is same.



As pointed out in Observation 3, direct HO to RedCap specific BWP with NCD-SSB is possible and legacy handover requirements can be reused except Tsearch relaxation from 1 Rx. reception.
Proposal 4: Reuse legacy HO requirements for hadover to RedCap specific BWP with NCD-SSB except Tsearch relaxation from 1 Rx. reception.
Handover to a RedCap specific BWP with no SSB
The open issue is related handover to RedCap specific BWP with no SSB as follows [1]:
	Handover to RedCap specific BWP with no SSB
· Option 1 (E///): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap specific BWP is supported when: 
· target RedCap specific BWP and initial BWP of target cell are not separated by larger than 20MHz in FR1 and 100MHz in FR2.
· Option 2 (Apple): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap specific BWP is supported but no requirement applies. 
· Option 3 (MTK): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap then the UE shall switch back to CD-SSB.
· New Option 4 (Qualcomm): When the Redcap specific initial DL BWP is configured for RA only, and there is no SSB available in the redcap specific initial BWP, define the interruption time as
· Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP-switching-delay ms
· Where, TBWP-switching-delay is the BWP switching delay 



Even though RedCap UE expect either NCD-SSB or CD-SSB in the active BWP for time-frequency tracking if it only supports mandatory FG 6-1 (but not optional FG 6-1a), there is a case when no SSB within active DL BWP in connected mode for FG 6-1a caplable RedCap UE. In this case, UE needs to rely on either the CD-SSB outside of UE’s active BWP through measurement gap or CSI-RS/TRS for serving cell tracking in RRC CONNECTED. 
From HO procedure perspective, RedCap UE needs to handover to DL BWP with SSB associated with RACH resource and then switch to target RedCap specific BWP with no SSB. Thus, BWP switching delay needs to be added into handover delay requirements in addition to Tsearch relaxation from 1 Rx. reception.
Proposal 5: For handover to RedCap specific BWP with no SSB, BWP switching delay needs to be added into handover delay requirements in addition to Tsearch relaxation from 1 Rx. reception.
3. Conclusion
The following are the observations and proposals based on the analysis provided in this paper:
Discussion on mobility requirement for RedCap UE 
Proposal 1: TSearch in HO requirements for 1 Rx in FR1 is defined as: 
· For Intra-frequency HO: Tsearch = 2*Trs
· For inter-frequency HO: Tsearch = 5* Trs 
· Observation #1: There are no requirements of minimum bandwith for RedCap UE and it would be no less than SSB bandwidth in the actual operating band. 
· Observation #2: It is possible to configure CD-SSB and/or multiple NCD-SSB but only one per BWP and , it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact) for neighbour cell measurements.
· Proposal 2: Do not introduce HO requirements depending on the separation between initial BWP and RedCap BWPs when SSB used for measurement and SSB associated with RACH BWP is different.
· Observation #3: Direct HO to RedCap BWP would be possible through dedicated configuration of RedCap BWP even though CD-SSB should be signalled in ServingCellConfigCommon->...-> frequencyInfo-DL->absoluteFrequencySSB. UE and it would be no less than SSB bandwidth in the actual operating band.
· Proposal 3: Do not introduce HO requirements depending on either the separation between initial BWP with CD-SSB and RedCap BWPs with NCD-SSB or power difference between NCD-SSB and CD-SSB.
· Proposal 4: Reuse legacy HO requirements for hadover to RedCap specific BWP with NCD-SSB except Tsearch relaxation from 1 Rx. reception.
· Proposal 5: For handover to RedCap specific BWP with no SSB, BWP switching delay needs to be added into handover delay requirements in addition to Tsearch relaxation from 1 Rx. reception.
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