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1. Introduction
In last RAN4 #98bis-e meeting, we had some discussion on reference timing availability for NR-U UE Tx timing requirement. The open issues were captured in WF [1].
	Timing: Definition of the reference cell which is not available, with respect to DRX
· Proposal 1 (Ericsson, Qualcomm Incorporated, Huawei, HiSilicon): SSB does not have to be within ON duration in a reference cell subject to DL CCA in order to meet UE timing requirements
· No clarification related to DRX is needed on the current definition of unavailability of a reference cell on a carrier frequency subject to CCA in section 7.1.1.
· Proposal 2: (Qualcomm, Apple, MTK): 
· 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 for at least one SSB, at the UE due to DL CCA failures at gNB during the last X ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
· X is FFS, X>160ms.
Timing: Definition of the reference cell which is not available, with respect to MGs
· Proposal 1 (Ericsson, Qualcomm): SSB in a reference cell subject to DL CCA does not have to be outside the gaps in order to meet UE timing requirements
· No clarification related to gap is needed on the current definition of unavailability of a reference cell on a carrier frequency subject to CCA in section 7.1.1.
· Proposal 2 (Huawei, ZTE, MTK): The availability of reference cell shall base on the SSB within the DL active BWP which is not overlapping with measurement gaps.
· Proposal 3: (Qualcomm, Apple, MTK): 
· 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 for at least one SSB, at the UE due to DL CCA failures at gNB during the last X ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
· X is FFS, X>160ms.



In this contribution we continue discussing the scenarios for the reference timing availability 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. 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. However, based on the discussion in last meeting, other companies had concern to have a time range as large as measurement interval with CSSF, and therefore we are also fine to have a compromised solution balancing both UE complexity and network complexity.
The reference cell availability in DRX for NR-U is quite different from legacy licensed case. In licensed scenario with DRX, the 160ms condition would not restrict the UE implementation, because UE can be flexible to choose any of the SSBs between DRX cycles to perform tracking if it needs. And furthermore, waking up in DRX inactive time is not for vain in licensed case, as network is always transmitting SSB regardless of DRX active or inactive; as shown in the following figure. 
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Figure 1. UE timing tracking in DRX for licensed case
However, in NR-U case, it would introduce restriction on UE implementation if we still keep such 160ms time range condition in the requirement. It implied that UE has to wake up within the time range 160ms before the Tx occasion, since the SSBs outside 160ms time range is not guaranteed anyway. The following figure illustrate the restriction at UE.
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Figure 2. UE timing tracking in DRX for NR-U case
Based on the above analysis, we prefer to adopt proposal 2 for DRX case, and X is a trade-off value between UE flexibility and network complexity, we propose to use 1280ms.
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). However, if serving cell SSB is outside active BWP, the timing tracking on SSB shall be performed during the MGL. When MG is shared by multiple MOs and the RF was tuned to other frequency layer for L3 measurement in a certain MGL, the SSB in this MGL could not be used for serving cell time tracking. But in one measurement interval, UE would at least have one available MGL for intra-frequency measurement. We illustrate it in the following figure. Based on the discussion in last meeting, we also understand it’s a balance between UE flexibility and network complexity. We can also accept using a long time range in the requirement, since long time range provides UE more flexibility to coordinate the measurement resource/gap for timing tracking, e.g., X= 1280ms means UE can flexibly select 1 MG out of 8 to perform timing tracking when MGRP=160ms and serving cell SSB are fully overlapped with MGs.
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Figure 3. UE timing tracking with MG for NR-U case
In fact, we think this principle for defining reference cell availability could also be applied for non-DRX and non-MG cases to consider UE flexibility. Based on the above analysis, a unified solution could be used as the reference cell availability definition. 
Proposal 1: the reference cell availability shall be revised as below regardless of DRX status or MG status:
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 for at least one SSB, at the UE due to DL CCA failures at gNB during the last X ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
• X = 1280ms.
3. Conclusion
In this contribution we discuss the scenarios for the reference timing availability for NR-U UE Tx timing requirement, and the corresponding CR is provided in [2].
Proposal 1: the reference cell availability shall be revised as below regardless of DRX status or MG status:
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 for at least one SSB, at the UE due to DL CCA failures at gNB during the last X ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.
• X = 1280ms.
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UE is flexible to choose any of the SSB position to do time tracking to meet the
requirement based on its own implementation. And as long as UE wake up, it would

have an available SSB for tracking.
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If only rely on the SSB in active time, it’s a
long time for UE to maintain this timing until
next DRX active
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If using 160ms as a time range for SSB tracking, that is a restriction to UE that UE
has to wake up within such time range before the Tx occasion. But it shall be up to

UE may not choose to wake up on those SSB position because UE is UE implementation rather than a mandatory requirement.

not sure if the SSB is available to track on those positions and it would
increase the undesirable power consumption in case UE wake up but no
SSB is transmitted. This is different from legacy licensed case.











