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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#97-e the following open issues related to the UE transmit timing requirements for NR-U were identified [1]:
· DRX case: FFS, unless this can also be solved in RAN4#97-e
· FFS: when there is no available serving SSB outside gap
We addressed the above issues in our previous contribution in [2]. This was also extensively discussed in other contributions [3-6]. But no consensus was reached. The above open issues related to UE timing in NR-U are therefore further analyzed in this paper.
2. Impact of DRX and gaps on UE timing requirements
In NR-U, the UE derives transmit timing based on reference cell which is SpCell (PCell or PSCell) and it can be subject to DL CCA e.g. in SA or EN-DC scenario.
The above open issues are related to the definition of the unavailability of a reference cell on a carrier frequency subject to CCA. 
Impact of DRX on timing:
On the first issue related to DRX it has been argued that when DRX is used then the SSB should be available within the ON duration of the DRX otherwise the reference cell should be considered unavailable [3]. We do not agree with this argument. Firstly, the necessary condition is that the SSB is available once 160 ms. SSB transmission is cell specific while DRX is UE specific. For load balancing purposes, the base station typically configures UEs in DRX with different time offsets. It is therefore unrealistic to configure SSB in DRX ON of every UE in a cell. Secondly, the UE needs to perform time-frequency tracking in order to receive the PDCCH in the ON duration. Therefore, UE will typically wake up before DRX ON to fine tune with serving cell in order not to miss the control channel. Thirdly the issue is not any different compared to the legacy NR operation where no such condition exists. 
It has also been argued that when DRX is configured, the reference cell availability is defined based on the availability of SSB over a period which corresponds to the MAX{PHY measurement time interval of reference cell, 160 ms} [4]. The PHY measurement time interval of reference cell is proposed in [4]. We don’t see need for defining any PHY measurement time interval of reference cell for timing measurement. In fact, with the proposed approach the L1 period can become even longer than 160 ms making it more difficult to meet the Te error requirements defined in section 7.1.1.
Our conclusion is that with regard to DRX no further clarification is needed on the definition of unavailability of a reference cell on a carrier frequency subject to CCA.
· Observation 1: SSB transmission is cell specific while DRX is UE specific.
· Observation 2: Typically, DRX cycles of different UEs are time offseted for load balancing.
· Observation 3: UE typically performs time-frequency tracking before ON duration in order to receive the PDCCH in the ON duration.
· Observation 4: In legacy NR operation there is no condition to have SSB within ON duration. From UE timing perspective, the situation in NR-U is very similar to the legacy NR.
· Observation 5: UE cannot meet Te requirements if SSB is not available at least once 160 ms.
· Proposal 1: SSB does not have to be within ON duration in a reference cell subject to DL CCA in order to meet UE timing requirements
· Proposal 2: In DRX no MAX{PHY measurement time interval of reference cell, 160 ms} for defining availability of reference cell is needed for UE to meet timing requirements.
· Proposal 3: 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.
Impact of gaps on timing:
On the second issue related to measurement gaps it has been argued that when gaps are configured then the SSB on the reference cell should not be within the measurement gaps or that the SSB should be outside the measurement gaps. In our view the necessary condition is that the SSB in the reference cell should be available once every 160 ms regardless of whether it falls in the gaps or outside gaps. The situation is the same as in legacy NR operation. In NR in general, when SSB in the serving cell does not fall within the active BWP then the UE may use gaps to measure even on serving carrier. Therefore, till the time the SSB is available once every 160 ms then the UE should meet the UE transmit timing requirements. 
It has also been argued that when MG is configured, the reference cell availability is defined based on the availability of SSB over a period which corresponds to the MAX{PHY measurement time interval of reference cell, 160 ms} [4]. The PHY measurement time interval of reference cell is proposed in [4]. We don’t see need for defining any PHY measurement time interval of reference cell for timing measurement when MG is configured. In fact, with the proposed approach the L1 period may be even longer than 160 ms making it more difficult to meet the Te error requirements defined in section 7.1.1.
· Observation 6: In legacy NR operation there is no condition to have SSB outside the gaps to meet requirements. From UE timing perspective, the situation in NR-U is very similar to the legacy NR. 
· Proposal 4: SSB in a reference cell subject to DL CCA does not have to be outside the gaps in order to meet UE timing requirements
· Proposal 5: When gaps are configured then no MAX{PHY measurement time interval of reference cell, 160 ms} for defining availability of reference cell is needed for UE to meet timing requirements.
· Proposal 6: 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.
2. Summary
[bookmark: _Hlk23953093]In this paper we have discussed the impact of DRX and gaps on the definition of unavailability of a reference cell on a carrier frequency subject to CCA for meeting UE timing requirements: Based on the analysis following are the main observation and proposal: 
· On impact of gaps on timing:
· Observation 1: SSB transmission is cell specific while DRX is UE specific.
· Observation 2: Typically, DRX cycles of different UEs are time offseted for load balancing.
· Observation 3: UE typically performs time-frequency tracking before ON duration in order to receive the PDCCH in the ON duration.
· Observation 4: In legacy NR operation there is no condition to have SSB within ON duration. From UE timing perspective, the situation in NR-U is very similar to the legacy NR.
· Observation 5: UE cannot meet Te requirements if SSB is not available at least once 160 ms.
· Proposal 1: SSB does not have to be within ON duration in a reference cell subject to DL CCA in order to meet UE timing requirements
· Proposal 2: In DRX no MAX{PHY measurement time interval of reference cell, 160 ms} for defining availability of reference cell is needed for UE to meet timing requirements.
· Proposal 3: 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.
On impact of gaps on timing:
· Observation 6: In legacy NR operation there is no condition to have SSB outside the gaps to meet requirements. From UE timing perspective, the situation in NR-U is very similar to the legacy NR. 
· Proposal 4: SSB in a reference cell subject to DL CCA does not have to be outside the gaps in order to meet UE timing requirements
· Proposal 5: When gaps are configured then no MAX{PHY measurement time interval of reference cell, 160 ms} for defining availability of reference cell is needed for UE to meet timing requirements.
· Proposal 6: 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.
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