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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The following are the open issues related to the UE transmit timing for RedCap UE identified in the last meeting as captured in the aprproved WF [1]:
Condition for meeting UE transmit timing requirements
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 is agreeable: 
· Option 1 (E///, HW, CMCC, NOkia ): SSB refers to CD-SSB or any of CS- and NCD-SSB
· Option 2 (Apple, QC): SSB has to be in active BWP
· Option 3 (MTK): SSB refers to both CD-SSB and NCD-SSB and SSB shall be in the active BWP. 
Whether CSI-RS/TRS can be used for meeting the timing requirements 
· Option 1 (Xiaomi, MTK, OPPO, Nokia, QC, vivo, Xiaomi, Apple, MTK, E///): 	CSI-RS/TRS is not needed to acquire the reference cell timing in Rel-17.
· Option 2 (HW, CMCC):
· CSI-RS can be used for RedCap UEs to acquire the reference cell timing depending on UE capability.
· No CSI-RS based timing requirements are defined the CSI-RS in R17.
Furthermore, the following related to the UE transmit timing for RedCap based on CSI-RS was agreed in another WF [2] and captured in the LS reply to RAN1 [3]:
· For serving cell timing related requirements, RAN4 agreed to not define requirements based on CSI-RS in Rel-17.
In this paper we analyze the open issues related to the UE timing identified in the WF for further analysis. 
2. Analysis of open issues on UE timing requirements 
Applicable SSB type for timing requirements 
Among all the three options identified in the last meeting our understanding is that there is consensus that the UE can meet the transmit requirements based on any of the CD-SSB and NCD-SSB. 
The main controversial issue is that one set of companies argue that the SSB should be within the active BWP of the UE, while another set of companies argue that the SSB does not have to be within the active BWP of the UE. 
In release 15, the UE transmit timing error requirements are met by the UE provided that the SSB in the DL reference cell is available at the UE at least once every 160 ms regardless of whether the SSB is within the active BWP or not. If the SSB is outside its active BWP then the UE has to retune to acquire the timing of the SSB. For Redcap the UE the same principle should apply. One difference is that the RedCap supports maximum channel bandwidth of 20 MHz and 100 MHz in FR1 and FR2 respectively. But the BW of the BS can be larger than the RedCap UE BW. This may result in that the initial BWP and the RedCap BWP are separated by more than the RedCap UE BW. In this case the UE may have to perform extra processing. Furthermore, the AGC may be invalid or inadequate for receiving in downlink after the UE has sent in the UL for which it has to meet the timing requirements. Therefore, one compromise can be that if the RedCap BWP does not contain the NCD-SSB then the UE is required to meet the timing requirements provided that the initial BWP and the RedCap BWP are not separated in frequency by more than 20 MHz for FR1 and 100 MHz for FR2. 
CSI-RS/TRS for timing requirements 
Based on the agreement in the WF [2] and in the LS reply to RAN1 in [2], it has been clearly agreed that UE timing requirements based on CSI-RS/TRS will not be specified in Rel-17. Therefore, the open issue on UE timing requirements based on CSI-RS/TRS mentioned in the WF in [1] is not valid anymore.
2. Summary
The following are the observations and proposals based on the analysis provided in this paper:
Applicability of SSB type for timing requirements: 
· Observation #1: Redcap UE can be configured in Redcap BWP where NCD-SSB may or may not be transmitted in the PCell.
· Observation #2: NCD-SSB is feasible for Redcap UE for time-frequency tracking in the PCell.
· Observation #3: Even if NCD-SSB is not transmitted in UE’s active RedCap BWP, the UE can DL timing from CD-SSB by retuning to initial BWP in the PCell.
· Observation #4: The maxumim BW of RedCap UE is 20 MHz in FR1 and 100 MHz in FR2 but cell BW can be larger than the maximum BW of the RedCap UE.
· Observation #5: If initial BWP and UE’s active RedCap BWP are separated by more than certain margin (e.g. 20 MHz for FR1 and 100 MHz for FR2) then UE timing based on CD-SSB may not be reliable for uplink transmission in RedCap BWP.
· Proposal #1: 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: 
· the CD-SSB or NCD-SSB is within the UE’s active BWP or
· the initial BWP and the RedCap BWP are within 20 MHz for FR1 or 100 MHz for FR2 if the NCD-SSB is not within the UE’s RedCap active BWP. 
CSI-RS/TRS for timing requirements 
· Observation #6: According to agreements captured in the WF in R4-2202774 and in LS reply to RAN1 in R4-2202773, it was agreed that RAN4 will not define UE transmit timing requirements based on CSI-RS in Rel-17.
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