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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
The key objective of Redcap WI, UE complexity reduction, is achieved through various complexity reduction techniques such as reduce the operation bandwidth, number of Rx branches and number of DL MIMO layer etc, HD-FDD etc. The impact of these complexity reduction techniques on the RRM requirements was discussed at RAN4 101e meeting and some agreements were achieved [2]. In this contribution we provide our considerations for Redcap mobility requirements.

2. Discussion
At RAN4 101bis-e we have the following agreements:

Sub-topic 2-1 Handover

· RAN4 to not define requirements for HO between FR1 and FR2 in Rel-17.
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. 

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. 

Sub-topic 2-4 Random access 

RA requirements for HD-FDD
Following applies to CBRA: 

· The RedCap UE operating in HD-FDD mode is not expected to perform PRACH transmission on a PRACH resource of a cell if UE has not received at least one SSB associated with that PRACH resource during the last Tp period in the cell, where

· Option 1: Tp=TBD ms.

· The RedCap UE operating in HD-FDD mode shall meet the PRACH requirements when performing PRACH transmission on a PRACH resource of a cell provided that the UE has received at least one SSB associated with that PRACH resource during the last Tp period before the PRACH transmission, where

· Option 1: Tp=TBD ms.

Impact on RA due to RO configuration in RedCap specific BWP
No further impact on the RA requirements is identified due to RO configuration
In this contribution we focus on the following areas: 
2.1 Impact on handover requirements
At RAN4 101 bis-e meeting, we have the following open issues for handover requirements:

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-
Based on Rel-15, the handover delay Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 plus the interruption time. The interruption time, using FR1 – FR1 handover requirements as an example, is defined as [3]:

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
The impact and usability of different terms for Redcap have already been discussed at RAN4 101e meeting and the summary in the WF from RAN4 101e meeting is copied below:
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.
We copied the legacy requirements related to Tsearch in 38.133 as follows:

	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.


We performed the PSS/SSS detection simulation, the results are shown as below:

Table 1: PSS/SSS detection delay

	SCS
	Propagation Condition
	90 percentiles of the PSS/SSS acquisition time

	
	
	-8dB
	-6dB
	-2dB

	
	
	1Rx
	2Rx
	1Rx
	2Rx
	1Rx
	2Rx

	15kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	30kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	120kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	240kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1


It can be observed that when the SINR is -2dB, one sample need to be increased compared with the existing requirements for PSS/SSS detection when 1Rx is used. Therefore, for FR1 if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 2*Trs ms and if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 4* Trs ms. 
For FR2 if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 8*2*Trs ms and if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch =8* 4* Trs ms.
Hence for Tsearch (in HO) for 1Rx for FR1, we are ok with option 1 and for FR2, we propose for an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, Tsearch = 8*2*Trs ms and for an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch =8* 5* Trs ms.
Proposal 1: For Tsearch (in HO) for 1Rx for FR1, support option 1. For FR2 Tsearch (in HO) with 1Rx, we propose for an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, Tsearch = 8*2*Trs ms and for an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch =8* 5* Trs ms, i.e., option 1.
2.2 Impact on RRC Re-establishment requirements

At RAN4 101 bis-e meeting, we have the following open issues for RRC-Re-establishment requirements:

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.
According to Table 1, it can be observed that when SINR=-8dB, one sample need to be increased compared with the existing requirements for PSS/SSS detection when 1Rx is used.
Proposal 2: For the issue of impact on Tsearch (in reestablishment) for 1Rx in FR1, one sample need to be increased when SINR=-8dB and 1Rx is used for unknown NR cell, i.e., option 1.
Lower bound in Max function in reestablishment delay 

For the lower bound in the requirements for “time to identify target NR cell for RRC connection re-establishment”, the intention of the lower bound is to exclude the impact from some SMTC configurations and this intention is not impacted by the number of Rx hence we are ok with option 1. 

Proposal 3: For the lower bound in Max function in reestablishment delay, support that the lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx, i.e., option 1. 
2.3 Impact on RRC Connection Release with Redirection requirements

At RAN4 101 bis-e meeting, we have the following open issues for RRC Connection Release with Redirection requirements:

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 

In general the open issues are quite similar to that of RRC Re-establishment requirements and relax by 1 more sample has been agreed for FR2 hence we have the following proposal:
Proposal 4: One sample need to be increased for RedCap RRC redirection delay requirement with 1Rx for FR1.

2.4 Impact on Random access requirements

At RAN4 101 bis-e meeting, we have the following open issues for random access requirements:

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

For the proposal to have multiple threshold for 1RX and 2RX, to our understanding the legacy system also have UE with different number of antenna and single threshold is used for this scenario hence we think the necessity to introduce extra threshold is not strong. 
Proposal 5: Prefer that there is no need to define separate threshold for 1 Rx RedCap UE, i.e., option 2. 
3. Conclusion
In this contribution, we provide our considerations on mobility requirements for Redcap and have the following proposals:
Proposal 1: For Tsearch (in HO) for 1Rx for FR1, support option 1. For FR2 Tsearch (in HO) with 1Rx, we propose for an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, Tsearch = 8*2*Trs ms and for an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch =8* 5* Trs ms, i.e., option 1.
Proposal 2: For the issue of impact on Tsearch (in reestablishment) for 1Rx in FR1, one sample need to be increased when SINR=-8dB and 1Rx is used for unknown NR cell, i.e., option 1.

Proposal 3: For the lower bound in Max function in reestablishment delay, support that the lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx, i.e., option 1. 
Proposal 4: One sample need to be increased for RedCap RRC redirection delay requirement with 1Rx for FR1.
Proposal 5: Prefer that there is no need to define separate threshold for 1 Rx RedCap UE, i.e., option 2. 
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