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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. During the last RAN4 meeting, the core part of the WI was closed and most of the issues were resolved. In this contribution we further discuss UL timing requirements when an SSB is not configured within the active BWP.
Reference timing with measurement gaps
During the last RAN4 meeting, whether an SSB has to be within the active BWP for meeting transmit timing requirements of a RedCap UE was discussed and the following was agreed [2]:Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
For core requirement, 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 on the following conditions that
· The SSB should be within active BWP, or
· The SSB is not within active BWP, and the gap is configured
· Capture the condition in the section for RedCap timing of the specification


Based on the above proposal, if an SSB is not configured within the active BWP, the UE will obtain the reference timing by measuring the SSB (outside the active BWP) within a measurement gap. Since no NCD-SSB is configured in this case, the measurement will be done on the serving cell CD-SSB, which is classified as intra-frequency measurement. Intra-frequency measurements with gaps are specified as below (TS 38.133, Clause 9.2.6.3)
Table 9.2.6.3-1: Measurement period for intra-frequency measurements with gaps(FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil(5 x Kgap )x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kgap) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(5 x Kgap ) x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	For a UE supporting concurrent gaps, if multiple concurrent gaps are configured, the MGRP is the periodicity of the MG pattern associated to the intra-frequency layer.



Observation 1: UE is required to meet the timing requirements if an SSB is available in the last 160ms
Observation 2: When an SSB is not present in the active BWP, UE measures the SSB outside of the active BWP within the configured measurement gaps. Such a measurement will be classified as intra-frequency measurement with gaps.
As specified in the table above, the measurement period depends on MGRP, SMTC and CSSFintra_RedCap, and since an SSB must be measured within the last 160ms to meet the timing requirements, the following condition is needed:
max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms
Observation 3: Measurements performed within the measurement gaps depend on MGRP and SMTC period and are further scaled by CSSF.
Proposal 1: UE shall meet UL Tx timing accuracy requirement based on intra-freq reference SSB outside active BWP if max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms
Conclusion
Observation 1: UE is required to meet the timing requirements if an SSB is available in the last 160ms
Observation 2: When an SSB is not present in the active BWP, UE measures the SSB outside of the active BWP within the configured measurement gaps. Such a measurement will be classified as intra-frequency measurement with gaps.
Observation 3: Measurements performed within the measurement gaps depend on MGRP and SMTC period and are further scaled by CSSF.
Proposal 1: UE shall meet UL Tx timing accuracy requirement based on intra-freq reference SSB outside active BWP if max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms
References
[1] RP-211574, “Revised WID on support of reduced capability NR devices”, Ericsson, RAN#92e
[2] R4-2210592, “WF on RedCap RRM requirements”, Ericsson, RAN4#103e
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