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1. Introduction
In last RAN4 #97e meeting, we had some agreement of reference timing availability for NR-U UE Tx timing requirement in WF [1], duplicated as below,
	UE Transmit Timing
· Reference Cell Definition
· In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the last 160 ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE
· DRX case: FFS, unless this can also be solved in RAN4#97-e
· FFS: when there is no available serving SSB outside gap



In this contribution we discuss the scenarios for the reference timing availability in DRX and with-MG cases for NR-U UE Tx timing requirement.
2. Discussion
In DRX case, the available SSBs may be located in the DRX inactive time, and UE is not required to track those SSBs for DL timing acquisition. As shown in figure 1, UE is not required to track the SSB in 160ms if that SSB is located in the inactive time of DRX cycle, and the SSB which UE could rely on is the available one in the last DRX active time. However, even though UE has available SSB in the DRX active time, whether or not UE has chance to track it is also up to the PHY measurement resource sharing factor CSSF. The reason is, UE only has two searchers for all intra-frequency measurement and the target reference cell measurement may need to share searcher with other serving carriers, that is to say, the time interval between current UE Tx occasion and last available SSB for DL timing acquisition is based on the PHY measurement interval on the reference cell with the CSSF.
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Figure 1. Reference cell availability in DRX
In the scenario with MG configuration, if the reference SSB is in the active BWP and is being measured without MG, the UE is not supposed to track the SSB inside MG in a partially overlapped case (MG partially overlapped with reference cell SMTC). As shown in figure 2, the SSB which could be used for DL timing tracking shall be outside MG, and moreover, the measurement sharing factor CSSF (due to searcher limitation) shall also be considered to determine the last available SSB for DL timing tracking. Like in DRX case, the time interval between current UE Tx occasion and last available SSB for DL timing acquisition is based on the PHY measurement interval on the reference cell with the CSSF.
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Figure 2. Reference cell availability with MG configuration (SMTC partially overlapped with MG pattern)
So, to define the minimum requirement, we think the definition of reference cell availability in DRX or MG configuration cases shall be as below,
Proposal 1: to consider the cases when DRX is used and/or MG is configured, the reference cell availability shall be revised as:
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the last max{PHY measurement time interval of reference cell, 160 ms}; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE
Specifically, in different scenarios the PHY measurement time interval of reference cell could be referred to the intra-frequency measurement requirement with/without DRX/MG.
If reference cell measurement is intra-frequency measurement without MG (i.e., SSB is within active BWP), the requirement in current TS38.133 is,
Table 9.2A.5.2-1: Measurement period for intra-frequency measurements without gaps
	Condition
	T SSB_measurement_period_intra_CCA  

	No DRX
	max(200ms, ceil((5+Lmeas)  x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x (5+Lmeas)  x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+Lmeas)  x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	Lmeas is the number of SMTC occasions not available at the UE during T SSB_measurement_period_intra_CCA for measurement, where Lmeas <Lmeas,max.
NOTE 3:	Lmeas,max = 7 for Max(DRX cycle,SMTC period)≤40ms where DRX cycle is 0 for non-DRX, Lmeas,max = 5 for 40ms<Max(DRX cycle,SMTC period)≤320ms, Lmeas,max = 3 for DRX cycle>320ms.
NOTE 4:	Upon exceeding Lmeas,max over the period of time T SSB_measurement_period_intra_CCA, the UE has to restart the measurement procedure.



The PHY measurement time interval for intra-frequency measurement without MG could be,
	DRX cycle
	PHY measurement time interval  

	No DRX
	Kp x SMTC period x CSSFintra

	DRX cycle≤ 320ms
	1.5 x Kp x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Kp  x DRX cycle x CSSFintra




Proposal 2: when UE performs intra-frequency measurement on reference cell without MG, PHY measurement time interval of reference cell in proposal 1 is as below, 
	DRX cycle
	PHY measurement time interval  

	No DRX
	Kp x SMTC period x CSSFintra

	DRX cycle≤ 320ms
	1.5 x Kp x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Kp  x DRX cycle x CSSFintra



If reference cell measurement is intra-frequency measurement with MG (i.e., SSB is outside active BWP), the requirement in current TS38.133 is,
Table 9.2A.6.2-1: Measurement period for intra-frequency measurements with gaps
	Condition
	T SSB_measurement_period_intra_CCA  

	No DRX 
	max(200ms, (5+Lmeas,gaps) x max(MGRP, SMTC period)) x CSSFintra

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

	DRX cycle>320ms
	(5+Lmeas,gaps) x (MGRP, DRX cycle) x CSSFintra

	NOTE 1:	Lmeas,gaps is the number of SMTC occasions not available at the UE during TSSB_time_index_intra_CCA for measurement where Lmeas,gaps < Lmeas,gaps,max.
NOTE 2:	Lmeas,gaps,max = 7 for Max(DRX cycle, SMTC period, MGRP)≤40ms where DRX cycle is 0 for non-DRX, Lmeas,gaps,max = 5 for 40ms<Max(DRX cycle, SMTC period, MGRP)≤320ms, Lmeas,gaps,max = 3 for DRX cycle>320ms.
NOTE 3:	Upon exceeding Lmeas,gaps,max over the T SSB_measurement_period_intra_CCA period of time, the UE has to restart the measurement procedure.



The PHY measurement time interval for intra-frequency measurement with MG could be,
	DRX cycle
	PHY measurement time interval  

	No DRX 
	max(MGRP, SMTC period) x CSSFintra

	DRX cycle≤ 320ms 
	1.5x max(MGRP, SMTC period, DRX cycle) x CSSFintra

	DRX cycle>320ms
	 (MGRP, DRX cycle) x CSSFintra



Proposal 3: when UE performs intra-frequency measurement on reference cell with MG, PHY measurement time interval of reference cell in proposal 1 is as below, 
	DRX cycle
	PHY measurement time interval  

	No DRX 
	max(MGRP, SMTC period) x CSSFintra

	DRX cycle≤ 320ms 
	1.5x max(MGRP, SMTC period, DRX cycle) x CSSFintra

	DRX cycle>320ms
	 (MGRP, DRX cycle) x CSSFintra



3. TP proposal
The reference cell availability definition in current TS38.133-g60 section 7.1.1 for NR-U shall be revised as below.
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the last max{PHY measurement time interval of reference cell, 160 ms}; 160 ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE. The PHY measurement time interval is defined as in the following tables:
Table 7.1.1-1: PHY measurement time interval when UE performs intra-frequency measurement on reference cell without MG
	DRX cycle
	PHY measurement time interval  

	No DRX
	Kp x SMTC period x CSSFintra

	DRX cycle≤ 320ms
	1.5 x Kp x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Kp  x DRX cycle x CSSFintra



Table 7.1.1-2: PHY measurement time interval when UE performs intra-frequency measurement on reference cell with MG
	DRX cycle
	PHY measurement time interval  

	No DRX 
	max(MGRP, SMTC period) x CSSFintra

	DRX cycle≤ 320ms 
	1.5x max(MGRP, SMTC period, DRX cycle) x CSSFintra

	DRX cycle>320ms
	 (MGRP, DRX cycle) x CSSFintra



4. Conclusion
In this contribution we discuss the scenarios for the reference timing availability in DRX and with-MG cases for NR-U UE Tx timing requirement, and the corresponding CR is provided in [2].
Proposal 1: to consider the cases when DRX is used and/or MG is configured, the reference cell availability shall be revised as:
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the last max{PHY measurement time interval of reference cell, 160 ms}; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
Proposal 2: when UE performs intra-frequency measurement on reference cell without MG, PHY measurement time interval of reference cell in proposal 1 is as below, 
	DRX cycle
	PHY measurement time interval  

	No DRX
	Kp x SMTC period x CSSFintra

	DRX cycle≤ 320ms
	1.5 x Kp x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Kp  x DRX cycle x CSSFintra



Proposal 3: when UE performs intra-frequency measurement on reference cell with MG, PHY measurement time interval of reference cell in proposal 1 is as below, 
	DRX cycle
	PHY measurement time interval  

	No DRX 
	max(MGRP, SMTC period) x CSSFintra

	DRX cycle≤ 320ms 
	1.5x max(MGRP, SMTC period, DRX cycle) x CSSFintra

	DRX cycle>320ms
	 (MGRP, DRX cycle) x CSSFintra
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