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Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Since these assumptions are different from the ones used on the definition of the RRM requirements for NR UEs, RAN4 is currently working on defining requirements for RedCap UEs with 1Rx.
In RAN4 #100e, the simulation assumptions for cell detection were agreed in [2]. RAN4 is discussing the determination of the time to identify target NR cell for a RedCap UE with 1Rx. This time is required for intra/inter-frequency measurements, handover, RRC re-establishment and RRC connection release with redirection.  
In RAN4 #101e and RAN4 #101e-bis, companies brought simulation results based on the agreed assumptions, and the following was listed in the way forward from the last RAN4 meeting [3]: 
	Agreements from discussions on ‘Mobility requirements’
0. Sub-topic 2-1 Handover
· RAN4 to not define requirements for HO between FR1 and FR2 in Rel-17.
0. Sub-topic 2-2 RRC re-establishment 
Impact on Tsearch (in reestablishment) for 1Rx in FR1
RAN4 to relax Tidentify for 1 Rx RedCap reestablishment delay requirement by 1 more sample for known target cell.

Impact on Tsearch for 1Rx in FR2
RAN4 to relax the Tidentify for 1 Rx RedCap reestablishment delay requirement by:
· 1 more samples for FR2
· Note: FR2 depends on RF conclusion. 

0. Sub-topic 2-3 RRC Connection release with redirection 
Requirements for HD-FDD in RRC connection release with redirection
The HD-FDD UE shall meet the RRC connection release with redirection requirements provided the following is met:
· SSB is available at the UE once every SMTC period during Tsearch.
Lower bound in Max function in RRC connection release with redirection delay
Follow the agreement from the related issue for RRC reestablishment.
Impact on Tidentify-NR (in RRC connection release with redirection) for 1Rx in FR2
RAN4 to relax the Tidentify for 1 Rx RedCap RRC connection release with redirection delay by:
· 1 more samples for FR2
· Note: FR2 depends on RF conclusion. 




The following is listed as open issues: 
	Open issues on ‘Mobility requirements’
Handover
Impact on Tsearch (in HO) for 1Rx for FR1
· Option 1 (E///, Apple, vivo, MTK, Nokia): 
· For Intra-frequency HO: Tsearch = 2*Trs
· For inter-frequency HO: Tsearch = 5* Trs 
· Option 1a (QC, HW): Tsearch = 3*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-
Requirements for HD-FDD in HO
· Option 1 (Xiaomi, Apple, vivo, HW, MTK): 
· RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement.
· Option 2 (vivo, CMCC, E///, Nokia, ZTE, QC,MTK): 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
0. RRC re-establishment 
Lower bound in Max function in reestablishment delay
· Option 1 (Apple, vivo, Nokia, HW, E///): The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
· Option 2 (QC, MTK): Extend if number of samples are extended.
Impact on Tsearch (in reestablishment) for 1Rx in FR1
· Option 1: (HW, E///, Nokia, MTK )
· For unknown target cell: relax by 1 more sample.
· Option 2: (Apple, QC):
· For unknown target cell: relax by 2 more sample.
0. RRC Connection release with redirection 
Impact on Tidentify-NR (in RRC connection release with redirection) for 1Rx in FR1
· Option 1 (Apple, QC): 2 more samples
· Option 2 (HW, E///, MTK, vivo, Nokia): 1 more sample 
0. Random access 
Impact due to early identification in RA
· Option 1 (ZTE, HW, E///, Apple, vivo): Early identification doesn’t impact RA requirements.
· Option 2 (E///, MTK, Xiaomi, Nokia):	 RAN4 capture the RedCap UE early indication procedure in TS38.133 6.2.2 after RAN2 conclude the procedures
Issue 2-4-2: Impact on 1 Rx RSRP accuracy in RSRP threshold
· Option 1 (E///, CMCC, Nokia): 
· Inform RAN2 about the need to introduce separate RSRP thresholds for RedCap UE with 1 Rx in procedures that depend on RSRP based thresholds such as RA.
· Option 2 (Xiaomi, Apple, Vivo): No need to define separate threshold for 1 Rx RedCap UE




This document discusses the mobility requirements for RedCap UEs with 1 RX.
Discussion
In our contribution [4], we present the cell-detection results for RedCap UEs with 1 RX, they are repeated in the Annex for convenience. Our conclusion is that the number of required samples for PSS/ SSS detection is not changed for RedCap UEs with 1RX. However, since it was already agreed to extend the detection period, we propose that this extension is limited to 1 sample, which was also agreed in the last meeting for FR2.
 Considering the results, in this document the mobility requirements are discussed. 
Our simulation results show that at most 2 samples are required by RedCap UEs with 1 RX for PSS/SSS detection, which is the same considered in Rel-15 requirements.
RAN4 has agreed that the time for PSS/SSS detection in FR1 is extended.
RAN4 has agreed in RAN4 #101-bis-e that in FR2, the PSS/SSS detection delay is extended by 1*8 SMTC window without changing the lower boundary.
Tsearch for RedCap UE with 1 RX extended by 1 sample in FR1. For intra-frequency handover, Tsearch=2*Trs and for inter-frequency handover, Tsearch=4*Trs
[bookmark: _Hlk91494438]RRC Re-establishment 
The RRC Re-establishment requirement is defined as:

Where Tidentify_intra_NR and Tidentify_inter_NR are defined as: 
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.



Our simulation results show that the number of samples required by RedCap UEs with 1 Rx to detect PSS/SSS is the same as it was assumed in Rel-15 for UEs with 2 RX. However, it was agreed to relax Tidentify by 1 sample in FR1 and FR2. Considering that the current requirement considers 6 x TSMTC, and it will be increased to 7, our view is that there is no need to increase the lower boundary.
Since the time to identify target NR Cell, for known NR cells was agreed to be relaxed in the last meeting, our view is that the same relaxation would apply to the unknown case.
The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
For RRC re-establishment for RedCap UEs with 1 Rx, relax Tidentify by 1 sample for the unknown NR cell case in FR1.
RRC Connection Release with Redirection
In TS 38.133, the The time delay (Tconnection_release_redirect_NR)  is defined as: 
	Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH 
Where Tidentify-NR is defined as:
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 to the discussion on the RRC re-establishment, our view is that the requirements for Tidentify-NR in RRC connection release with redirection should be extended by 1 sample.
For RRC connection release with redirection, for RedCap UEs with 1 RX extend Tidentify_NR by 1 sample in FR1.
Conclusion
In this contribution, the mobility requirements for RedCap UEs are discussed. The following observations and proposals are presented:
1. Our simulation results show that at most 2 samples are required by RedCap UEs with 1 RX for PSS/SSS detection, which is the same considered in Rel-15 requirements.
RAN4 has agreed that the time for PSS/SSS detection in FR1 is extended.
RAN4 has agreed in RAN4 #101-bis-e that in FR2, the PSS/SSS detection delay is extended by 1*8 SMTC window without changing the lower boundary.
1. Tsearch for RedCap UE with 1 RX extended by 1 sample in FR1. For intra-frequency handover, Tsearch=2*Trs and for inter-frequency handover, Tsearch=4*Trs
1. The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
1. For RRC re-establishment for RedCap UEs with 1 Rx, relax Tidentify by 1 sample for the unknown NR cell case in FR1.
1. For RRC connection release with redirection, for RedCap UEs with 1 RX extend Tidentify_NR by 1 sample in FR1.
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Annex
Table 1 – NR PSS-SSS acquisition time, in number of samples, required for a RedCap UE with 1Rx successfully detecting PSS and SSS in different scenarios in FR1 and FR2
	
	Cell Id: 674
	Cell Id: 673

	
	Sync
	Async
	Sync
	Async

	FR1,15kHz,AWGN
	1
	1
	1
	1

	FR1,30kHz,AWGN
	1
	1
	1
	1

	FR1,15kHz,TDLA 30 ns
	1
	1
	1
	2

	FR1,30kHz,TDLA 30 ns
	1
	2
	1
	1

	FR1,15kHz,TDLB 100 ns
	1
	1
	1
	1

	FR1,30kHz,TDLB 100 ns
	1
	2
	1
	1

	FR1,15kHz,TDLC 300 ns
	1
	1
	1
	1

	FR1,30kHz,TDLC 300 ns
	1
	2
	1
	1

	FR2,120kHz,AWGN 
	1
	1
	1
	1

	FR2,240kHz,AWGN 
	1
	1
	1
	1

	FR2,120kHz,TDLA 30 ns
	1
	2
	1
	1

	FR2,240kHz,TDLA 30 ns
	1
	1
	1
	1



