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1. Introduction
In last RAN4 meeting, the mobility requirement for RedCap has been discussed and the conclusions were captured in the WF[1]. 
In this contribution, we further discuss the RRM mobility requirement for RedCap reduced capability.
2. Mobility requirement for RedCap reduced capability
2.1 Handover for RedCap
The remaining issue from last meeting were:
	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


For HO requirement with 1Rx, we need to evaluation Tsearch relaxation in HO delay by using 1Rx. The current HO requirement is defined as below (e.g., in section 6.1.1.2.2 TS38.133),
	<other parts omitted>
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
<other parts omitted>


We did simulation evaluation for some examples of FR1 15kHz/30kHz cell searching under -2dB SINR (simulation assumption is based on agreed R4-2115359).
	TC index
	TC of PSS/SSS detection
	Sample number
	1 sample detection rate
	2 sample detection rate
	3 sample detection rate

	1
	TDLA-15KHz
	2
	0.86
	0.962481
	0.987988

	2
	TDLB-15KHz
	2
	0.867
	0.969485
	0.991992

	3
	TDLC-15KHz
	2
	0.8855
	0.971486
	0.991491

	4
	TDLA-30KHz
	2
	0.857
	0.982991
	0.997497

	5
	TDLB-30KHz
	2
	0.892
	0.982996
	0.996496

	6
	TDLC-30KHz
	1
	0.912
	0.994497
	0.999499


Observation 1: Tsearch for intra-frequency HO needs 2 samples when SINR=-2dB and 1Rx is used.  
But for inter-frequency HO the AGC estimation time shall not be changed. Due to the last meeting, discussion, we could compromise to use 5 samples for inter-frequemncy case. So we propose,
Proposal 1: RAN4 to relax the Tsearch for RedCap HO delay requirement as followings when SINR=-2dB and 1Rx is used 
· For HO to FR1, Tsearch = 2*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-frequency HO
Regarding NCD-SSB related HO, RAN4 had following discussion from last meeting.
	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

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 difference of reception power between NCD-SSB and CD-SSB is less than 3dB,
· the periodicity of NCD-SSB and CD-SSB is the same

Requirements for handover to RedCap specific BWP with NCD-SSB (no CD-SSB)
· Option 1 (E///): Legacy NR 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. 

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 


RAN2 agreed that,
1. 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)
So, RAN4 shall not consider any requirement for HO to RedCap specific BWP associated with NCD-SSB.
Proposal 2: no requirement should be specified for HO to RedCap-specific BWP associated with NCD-SSB.
RAN2 agreed that,
· If a RedCap-specific initial UL BWP is configured for RACH, RedCap UEs shall use only the RedCap-specific initial UL BWP to perform RACH.
For the case when HO to target cell when SSB used for measurement and SSB associated with RACH BWP is different, UE would HO firstly to the legacy initial BWP associated with CD-SSB and would switch to RedCap-specific initial BWP for RACH if a RedCap-specific initial UL BWP is configured for RACH. However, the DL RedCap-specific initial BWP has associated with NCD-SSB that is different from CD-SSB in legacy initial BWP. 
In RAN2 and RAN1 agreement:
RAN2:
· The network may provide absoluteFrequencySSB and ssb-periodicity explicitly for NCD-SSB, i.e., other properties such as PCI, ssb-PBCH-BlockPower, ssb-PositionsInBurst are configured with the same values from serving cell's CD-SSB. FFS for the time offset (feedback from RAN1 might also be received)
· The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB

RAN1 (R1-2202886)
· A RedCap UE supports existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB.
· NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB share the same SSB index.
· Note: RAN1 assumes that NCD-SSB is configured by higher layer
In our understanding, all the timing and spatial information are shared between CD-SSB and NCD-SSB with the same index in the same cell. However, for HO, since the CD-SSB and NCD-SSB may time offset and frequency offset between them, it would be safe for UE to perform T/F tracking on NCD-SSB for RACH transmission. It’s like in HO with known Cell, UE is allowed to perform T/F tracking on target SSB even though the target SSB has been measured shortly before HO. On the other hand, even the frequency domain offset or time domain offset between NCD-SSB and CD-SSB is smaller than certain threshold, UE may still use different T/F tracking after RF adjustment, i.e., it’s up to UE implementation. As RAN4 is defining the minimum requirement to consider all possible implementations, we prefer to reserve one Trs occasion for UE to perform T/F tracking when the SSB associated with RACH is different from the SSB in legacy initial BWP.
On top of extra occasion for T/F tracking, the BWP switching delay shall be considered as well, but the total delay due to BWP switching could be smaller than the existing BWP switching delay requirement since DCI parsing time doesn’t need to consider.
Proposal 3: RAN4 defines the requirements for following scenarios if RedCap-specific initial UL BWP is configured for RACH:
Handover to a target cell’s legacy initial BWP and further switch to the RedCap-specific BWP for RACH:
· Scenario 1: the RedCap-specific BWP associated with NCD-SSB
· Scenario 2: the RedCap-specific BWP associated with CD-SSB
· Scenario 3: the RedCap-specific BWP associated with no SSB (CD or NCD)

Proposal 4: For scenario 1, CD-SSB is used for identification of target cell but NCD-SSB is associated with RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the NCD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
For scenario 2, the CD-SSB could be used for T/F tracking for RACH and UE only needs to change to RedCap-specific BWP for RACH. So, the HO delay is:
Proposal 5: For scenario 2, CD-SSB is used for identification of target cell and for T/F tracking for RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the CD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
For scenario 3, during HO, if the RedCap-specific initial UL BWP is configured for RACH for target cell but there is no SSB available in the RedCap-specific initial DL BWP for target cell, we may leverage the RAN2 conclusion in IDLE/Inactive mode as followings:
· If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, measurements are based on CD-SSB for initial RACH resource selection.
· If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, PDCCH-ConfigCommon of the separate initial DL BWP includes common search space configuration for RAR.
· From RAN2 perspective, if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission. 
Thus, we think during such HO procedure, UE shall use the CD-SSB for T/F tracking for RACH to target cell. So the HO delay is:
Proposal 6: For scenario 3, CD-SSB is used for identification of target cell and for T/F tracking for RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the CD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
Of course, in the eventual requirement, the three scenarios could be merged in to one equation in the requirement section.
3. Conclusion
In this contribution, we discuss the RRM mobility requirement for RedCap reduced capability.
Observation 1: Tsearch for intra-frequency HO needs 2 samples when SINR=-2dB and 1Rx is used.  
Proposal 1: RAN4 to relax the Tsearch for RedCap HO delay requirement as followings when SINR=-2dB and 1Rx is used 
· For HO to FR1, Tsearch = 2*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-frequency HO
Proposal 2: no requirement should be specified for HO to RedCap-specific BWP associated with NCD-SSB.
Proposal 3: RAN4 defines the requirements for following scenarios if RedCap-specific initial UL BWP is configured for RACH:
Handover to a target cell’s legacy initial BWP and further switch to the RedCap-specific BWP for RACH:
· Scenario 1: the RedCap-specific BWP associated with NCD-SSB
· Scenario 2: the RedCap-specific BWP associated with CD-SSB
· Scenario 3: the RedCap-specific BWP associated with no SSB (CD or NCD)
Proposal 4: For scenario 1, CD-SSB is used for identification of target cell but NCD-SSB is associated with RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the NCD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
Proposal 5: For scenario 2, CD-SSB is used for identification of target cell and for T/F tracking for RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the CD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
Proposal 6: For scenario 3, CD-SSB is used for identification of target cell and for T/F tracking for RACH to target cell during HO, the HO delay is:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP_switching ms
 	where,
T∆ is T/F tracking occasion on the CD-SSB for RACH
TBWP_switching is FFS: (DCI based BWP switching delay in section 8.6.2) – PDCCH parsing time
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