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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
The legacy NR RRM requirement is designed based on 2Rx assumption at UE, and when 1Rx is used for RedCap UE, many mobility requirements need to be revisited.
	Handover
	HO requirement delay needs to be revisited due to 1Rx

	Reestablishment/redirect
	Reestablishment/redirect delay requirement needs to be revisited due to 1Rx

	RACH
	No impact


2.1 Handover for RedCap
The remaining issue from last meeting were:
	HO between FR1 and FR2
· Option 1: Develop requirements for HO between:
· NR FR2- NR FR1 Handover
· NR FR1- NR FR2 Handover
Impact on Tsearch (in HO) for 1Rx for FR1 and FR2
For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR,I, is determined through simulation campaign that is currently ongoing for CONNECTED mode. Companies are encouraged to provide simulation results using the already agreed simulation assumptions for cell detection include SINR =-2 dB. 
Requirements for HD-FDD in HO
· Option 1: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement.
· Option 2 The UE shall meet HO requirements provided the following is met:
· SSB is available at the UE once every SMTC period during Tsearch.
· One SSB is available during T∆
· One SSB is available during Tiu



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 cell searching and FR2 120kHz 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

	7
	TDLA-120KHz
	2
	0.8905
	0.988994
	0.998999

	8
	TDLC-120KHz
	2
	0.8965
	0.987494
	0.998498


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. 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 = 4* Trs for inter-frequency HO
· For HO to FR2, Tsearch = 8*2*Trs for intra-frequency HO and Tsearch = 8*4* Trs for inter-frequency HO
2.2 Reestablishment for RedCap
The remaining issue from last meeting were:
	Lower bound in Max function in reestablishment delay 
· Option 1: The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx. 
· Companies are encouraged to provide simulation results and views for this issue for next meeting.
[bookmark: _Hlk87134434]Impact on Tsearch (in reestablishment) for 1Rx in FR1 
Companies are encouraged to provide their updated views based on the cell detection performance study for next meeting for following options: 
· Option 1 (Apple): RAN4 to relax the Tidentify for RedCap reestablishment delay requirement with 1Rx by:
· 2 more samples for FR1
· Option 2 (MTK): Support extending the existing requirements of Tsearch with additional one PSS/SSS sample to cope with the 1 Rx in RedCap use case.
· Option 3 (Ericsson, CMCC, HW, vivo, QC, MTK, Nokia): The outcome of the cell detection performance study is used to determine whether Tidentify_intra_NR and Tidentify_inter_NR,I in the RRC re-establishment requirements are extended for RedCap UE with 1 rx.
Impact on Tsearch for 1Rx in FR2 
Companies are encouraged to provide their updated views based on the cell detection performance study for next meeting for following options: 
· Option 1 (Apple): RAN4 to relax the Tidentify for RedCap reestablishment delay requirement with 1Rx by:
· 1 more samples for FR2
· Option 2 (Ericsson,): The outcome of the cell detection performance study is used to determine whether Tidentify_intra_NR and Tidentify_inter_NR,I in the RRC re-establishment requirements are extended for RedCap UE with 1 rx.



For RRC reestablishment requirement with 1Rx, we need to evaluation Tidentify relaxation in reestablishment delay by using 1Rx. The current reestablishment requirement is defined as below (e.g., in section 6.2.1.2.1 TS38.133),
	Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	[bookmark: _Hlk521492617]3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 13 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 104 x TSMTC, i))

	< -8
	FR1
	N/A
	[bookmark: _Hlk521492632]800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.





Even though the side condition is ≥ -8dB, we think the Tidentify in known NR cell case could refer to SSB measurement requirement with 1Rx while the Tidentify in unknown NR cell case could refer to PSS/SSS detection + SSB measurement requirement with 1Rx. In our simulation, for PSS/SSS detection, we observed the relaxation of 2 more samples with 1Rx for FR1 and 1 more sample with 1Rx for FR2 compared with 2Rx case; and for SSB measurement, we observed that same number sample could be used but the accuracy could relaxed with 1dB like in LTE cat-1bis requirement.
Table 1. PSS/SSS detection with SINR=-8dB 1Rx
	TC index
	TC of PSS/SSS detection
	Sample number
	1 sample detection rate
	2 sample detection rate
	3 sample detection rate
	4 sample detection rate
	4 sample detection rate

	1
	TDLA-15KHz
	4
	0.607
	0.768384
	0.873874
	0.922884
	0.951403

	2
	TDLB-15KHz
	4
	0.6045
	0.773387
	0.875375
	0.927391
	0.956914

	3
	TDLC-15KHz
	4
	0.583
	0.754377
	0.864865
	0.922384
	0.957916

	4
	TDLA-120KHz
	3
	0.58
	0.828914
	0.926927
	0.967952
	0.987475

	5
	TDLC-120KHz
	3
	0.5565
	0.817409
	0.927928
	0.971457
	0.987421


Since RRC reestablishment is a procedure to recover RRC connection and the power consumption could somehow sacrifice a little compared with normal neighbor cell measurement, we don’t think it’s necessary to relax the lower boundary in the requirement for duty cycle.
So we propose:
Proposal 2: the lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
Proposal 3: RAN4 to relax the Tidentify  for RedCap reestablishment delay requirement with 1Rx by:
· 2 more samples for FR1
· 1 more sample for FR2
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 12 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 88 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 15 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 112 x TSMTC, i))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.


2.2 RRC redirection for RedCap
The remaining issue from last meeting were:
	Lower bound in Max function in RRC connection release with redirection delay 
· Option 1 (Apple, E///, CMCC, HW): The lower boundary in Max function for RRC redirection delay requirement shall not be changed for RedCap UE with 1Rx.
Companies are encouraged to provide their updated view based on the ongoing cell detection/identification study.
Impact on Tidentify-NR (in reestablishment) for 1Rx in FR1 
· Option 1 (Apple): RAN4 to relax the Tidentify-NR for RedCap RRC redirection delay requirement with 1Rx by:
· 2 more samples for FR1
Companies are encouraged to provide their updated view based on the ongoing cell detection/identification study.
Impact on Tidentify-NR (in reestablishment) for 1Rx in FR2
· Option 1 (Apple): RAN4 to relax the Tidentify-NR  for RedCap RRC redirection delay requirement with 1Rx by:
· 1 more samples for FR2
 Companies are encouraged to provide their updated view based on the ongoing cell detection/identification study.


For RRC redirection requirement with 1Rx, we need to evaluation Tidentify-NR relaxation in reestablishment delay by using 1Rx. The current reestablishment requirement is defined as below (e.g., in section 6.2.3.2.1 TS38.133),
	Table 6.2.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 11 x Trs)

	FR2
	MAX (880 ms, 8x11 x Trs)

	Note:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.





Similar as for reestablishment, we need to consider the PSS/SS detection performance and measurement performance with 1Rx. With our simulation in PSS/SSS detection and SSB based measurement, we propose to extend 2 more samples for Tidentify-NR for RedCap with 1Rx for FR1 and 1 more sample for FR2. RRC redirection needs to release the existing RRC connection and build a new one, and therefore it’s also time sensitive to redirect to new RRC connection. So we propose to not change the lower boundary in Max function for RRC redirection delay requirement
Proposal 4: the lower boundary in Max function for RRC redirection delay requirement shall not be changed for RedCap UE with 1Rx.
Proposal 5: RAN4 to relax the Tidentify-NR  for RedCap RRC redirection delay requirement with 1Rx by:
· 2 more samples for FR1
· 1 more sample for FR2
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 13 x Trs)

	FR2
	MAX (880 ms, 8x12 x Trs)

	Note:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.


2.3 HD-FDD for mobility requirement
RAN4 needs to discuss, when RRM DL measurement is colliding with UL transmission due to HD-FDD, which one shall be prioritized. Since RAN1 was only considering the serving cell RS reception v.s. HD-FDD UL, RAN4 could decide the DL RS measurement for mobility purpose. In our understanding, the same principle for scheduling restriction in TDD band on FR1 could be reused for HD-FDD case (as following), i.e., RRM DL measurement is prioritized over the UL transmission of HD-FDD. For reestablishment, the UL connection is already lost and therefore the HD-FDD would not impact this case.
Proposal 6: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO and RRC-Redirection requirement.
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 = 4* Trs for inter-frequency HO
· For HO to FR2, Tsearch = 8*2*Trs for intra-frequency HO and Tsearch = 8*4* Trs for inter-frequency HO
Proposal 2: the lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
Proposal 3: RAN4 to relax the Tidentify  for RedCap reestablishment delay requirement with 1Rx by:
· 2 more samples for FR1
· 1 more sample for FR2
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 12 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 88 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 15 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 112 x TSMTC, i))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.


Proposal 4: the lower boundary in Max function for RRC redirection delay requirement shall not be changed for RedCap UE with 1Rx.
Proposal 5: RAN4 to relax the Tidentify-NR  for RedCap RRC redirection delay requirement with 1Rx by:
· 2 more samples for FR1
· 1 more sample for FR2
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 13 x Trs)

	FR2
	MAX (880 ms, 8x12 x Trs)

	Note:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.


Proposal 6: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO and RRC-Redirection requirement.
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