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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on UE complexity reduction: 
	· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.)



It is concluded in RAN#100e meeting that there is no RRM impact due to Maximum number of DL MIMO layers and Relaxed maximum modulation order [2]. This contribution further provides analysis on the mobility requirements due to reduced UE BW, reduced RX branch.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Handover
For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR, are determined through simulation campaign at SINR =-2 dB. Based on the simulation results in [3], at least 3 samples are required. As additional AGC adjustment are needed for inter-frequency cell detection, therefore 3 additional samples are required, that is 6 samples. To speed up handover, 6 samples for inter-frequency can be reduced to 5 samples.
Proposal 1: 3 samples are required for intra-frequency Tsearch (in HO) and 5 samples are required for inter-frequency for Tsearch (in HO) for Redacap UE with 1Rx.
In last meeting, there are some discussion on handover. An LS was sent to RAN2 to confirm the handover scenario [4]. RAN4 can wait for RAN2’ feedback, and then discuss the detailed requirements. Besides the handover scenarios in LS, there is another open issue duplicated as below,
	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




The measurement on neighbour cell depends configured MO. When network configures a MO which is different than the SSB associated with the BWP where RACH is configured, the measurement result can still represent the cell quality of neighbour cell. In addition, the SSB index UE detected from different SSB in the same cell shall be the same according to the below agreements achieved in RAN2 and RAN1, therefore the RACH configuration on the specific BWP can be reused. 
Regarding the BWP separation, we don’t observe the strong need to have such a restriction. In general, the fine timing achieved on one BWP can be applied to another BWP at least within 100MHz. In addition, the restriction on the separation between initial BWP and Redcap BWPs would impact network configuration flexibility.
Moreover if UE switches to the BWP with RACH and still needs to wait for the RACH occasion, UE can perform fine timing tracking on the new BWP. In most cases, the time duration for T/F tracking on the RACH related BWP is within TIU (TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell), in this case it is no need to re-consider the time duration for fine timing tracking. One special case is that the RACH occasion is coming immediately after UE measurements on the initial BWP. As UE doesn’t switch to the RACH BWP, the RO is missed. After that, UE switches to RACH BWP and waits for the next RO. Therefore additional time for BWP switching time is added in this case. It shall be noted that the BWP switching time may be less than the time duration specified in legacy requirement, and only RF retuning and preparation time is needed. To accommodate the worst case, the handover delay can be specified as legacy handover delay + BWP switching delay (the concrete value is FFS). Another thing needs to be noted that the NCD-SSB is supposed to be QCL-type A/ QCL-type C/ QCL-type D with CD-SSB.
	6.	For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.
Agreement:
· 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




Proposal 2: If UE performs handover to a target cell’s initial BWP and further switch to the specific Redcap BWP with RACH where the specific Redcap BWP associated with NCD-SSB, 
-the handover delay can be specified as legacy handover delay + BWP switching delay (the concrete value is FFS), provided that NCD-SSB is QCL-type A/ type C/type D with CD-SSB.
-no limitation on bandwidth separation between initial BWP and Redcap BWPs.

Conclusions
This contribution provides analysis on mobility due to complexity reduction for RedCap UE. The following proposals are provided:
Proposal 1: 3 samples are required for intra-frequency Tsearch (in HO) and 5 samples are required for inter-frequency for Tsearch (in HO) for Redacap UE with 1Rx.
Proposal 2: If UE performs handover to a target cell’s initial BWP and further switch to the specific Redcap BWP with RACH where the specific Redcap BWP associated with NCD-SSB, 
-the handover delay can be specified as legacy handover delay + BWP switching delay (the concrete value is FFS), provided that NCD-SSB is QCL-type A/ type C/type D with CD-SSB.
-no limitation on bandwidth separation between initial BWP and Redcap BWPs.
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