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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
There were discussions on timing related issues for RedCap UEs in RAN4 102-e. 
In the WF [1] the options were captured, and we copy paste some of the issues here to further discuss.
	Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
· Option 1 (Xiaomi, vivo):       SSB has to be in active BWP.

· Option 2 (ZTE, HW, CMCC, Apple):               Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms regardless whether SSB is in active BWP.
· Option 2a (MTK, QC, vivo): Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms and the SSB is in active BWP.

· Option 3 (E///, Nokia): Te requirements are met under any of the following scenarios:
· SSB is in the UE’s active BWP, or 
· SSB is not in the UE’s active BWP (RedCap BWP) but the following condition is met:
· UE’s active BWP(RedCap BWP) and initial BWP are within 20 MHz for FR1, or within 100 MHz for FR2.



This paper discusses the issues listed above and provide our views.
2. Revisit on BWP
The cocept of BWP is introduced in Rel. 15 mainly for UE power saving purpose. The stage 2 decription of BWP operation for non-RedCap UE (Pre-Rel. 17) is as below [2]. From the UE perspective, at most a single SSB is associated with serving cell i.e. cell-defining SSB (CD-SSB) while RRM measurement can be configured depending on the availability of active BWP and availiabity is achieved by measurement gap if target SSB is out of active BWP even for SSB based intra-frequency measurement for mobility support [2].
	· B.2 Mutiple SSBs in a carrier
· For a UE in RRC_CONNECTED, the BWPs configured by a serving cell may overlap in the frequency domain with the BWPs configured for other UEs by other cells within a carrier. Multiple SSBs may also be transmitted within the frequency span of a carrier used by the serving cell.

· However, from the UE perspective, each serving cell is associated to at most a single SSB. 

· Figure B.2-1 below describes a scenario with multiple SSBs in a carrier, identifying two different cells (NCGI = 5, associated to SSB1, and NCGI = 6, associated to SSB3) with overlapping BWPs, and where RRM measurements can be configured to be performed by the UE on each of the available SSBs, i.e. SSB1, SSB2, SSB3 and SSB4.























Figure B.2-1: Example of multiple SSBs in a carrier

Note) NCGI: NR Cell Global Identifier


The CR text for the stage 2 decription of BWP operation for RedCap UE (Rel. 17) is described as below [3]. Comparing the legacy BWP, at most one SSB in each BWP is allowed and use of NCD-SSB in RRC CONNECTED when the active BWP does not contain CD-SSB is explicitly described while initial BWP associated with CD-SSB is used for paging and cell (re-) selection in RRC IDLE/INACTIVE. 
	· 16.x.5	 BWP operation
· A RedCap UE in RRC_IDLE and RRC_INACTIVE monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB. 
· If a RedCap-specific initial UL BWP is configured, RedCap UEs in RRC_IDLE and RRC_INACTIVE shall use only the RedCap-specific initial UL BWP to perform RACH. 

· A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB. In RRC_CONNECTED NCD-SSB may be configured for a RedCap UE to perform RLM, BFD, and serving cell measurements when the active BWP does not contain CD-SSB.


Also, in the Reply LS to RAN1 in [4], the following working assumption is confirmed within RAN4 with the following description regarding UE capability of FG 6-1a. 
	For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and for FR1 the entire CORESET#0) from RAN1 perspective, 
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.



RAN4 reached conclusion that it is feasible as described below.
	For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
· For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17.


3. Discussions 
2 
3 
For non-RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a), CD-SSB is considered as the timing reference of the serving cell. If BWP without CD-SSB is configured for non-RedCap UE that supports FG 6-1a , the UE can use NCD-SSB (SSB4) for serving cell tracking if configured. For the case with active BWP (BWP2) w/o SSB (CD or NCD-SSB), UE requires
- Case 1) Measurement gap to retune to CD-SSB (SSB1)
- Case 2) CSI-RS/TRS in active BWP
- Case 3) Backgroud processing of CD-SSB (SSB1) under the assumption of sufficient UE RF BW 
For Case 1, the retuning to CD-SSB without measurement gap is not considered for UE power saving perspective. Case 3 is also not in line with UE power saving purpose of BWP. Thus, Case 1 and Case 2 seem to be feasible scenario for non-RedCap UE supporting FG 6.1a (bwp-WithoutRestriction) since CSI-RS/TRS is mandatory UE feature.
For RedCap UE, the situation is the same except that UE can expect NCD-SSB when the UE only support mandatory FG 6-1 (but not optional FG 6-1a) and there is no CD-SSB within active DL BWP in connected mode. However, it was agreed that RAN4 will not define UE transmit timing requirements based on CSI-RS in Rel-17 [4]. Thus, it is reasonable to consider the following two conditions in RAN4 RRM requirements for RedCap UE.

·  Proposal #1: The RedCap UE shall meet the existing Te and Tq requirements for corresponding FR and SCS defined in section 7.1 of TS 38.133 provided that SSB is available at the UE at least once every 160 ms under the following conditions: 
· the CD-SSB or NCD-SSB is within the RedCap UE’s active BWP or
· the CD-SSB outside of  UE’s active BWP and RedCap UE access it through measurement gap


4. Conclusion
The following are the observations and proposals based on the analysis provided in this paper:
Applicability of Reference Signals for Timing Requirements: 
· Observation #1: Non-RedCap UE expect CD-SSB in the active BWP for time-frequency tracking in the PCell if it only supports mandatory FG 6-1 (but not optional FG 6-1a) 
· Observation #2: RedCap UE expect NCD-SSB in the active BWP for time-frequency tracking in the PCell if it only supports mandatory FG 6-1 (but not optional FG 6-1a) and there is no CD-SSB within active DL BWP in connected mode.
· Observation #3: Even if SSB is not transmitted in UE’s active BWP, the UE can DL timing from CD-SSB by retuning to initial BWP in the PCell through measurement gap.
· Observation #4: Even if CSI-RS/TRS is out of scope of Rel-17 RRM timing requirements, NW may configure it in active BWP since it is mandatory for both RedCap UE and non-RedCap UE.
· Proposal #1: The RedCap UE shall meet the existing Te and Tq requirements for corresponding FR and SCS defined in section 7.1 of TS 38.133 provided that SSB is available at the UE at least once every 160 ms under the following conditions: 
· the CD-SSB or NCD-SSB is within the RedCap UE’s active BWP or
· the CD-SSB outside of  RedCap UE’s active BWP and the RedCap UE access it through measurement gap
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