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1. Introduction

A WID on NR-based access to unlicensed spectrum has been approved in RAN#82. This WID needs to address the following deployment scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 

· NR-U SCell may have both DL and UL, or DL-only.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.

Based on the WID, one of the objective is 

-
Potential enhancements to DRX considering channel access uncertainty.

Therefore in this contribution, we discuss some details related to DRX and provide our proposals. 

2. Discussion
In LTE and NR, the MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity. This is to allow the UE to fall asleep when there is no downlink/uplink activities in order to decrease power consumption. There are several timers defined for DRX operation and the configured values for these timers are based on the service type. Although the UE is able to save power with DRX, DRX also reduces scheduling flexibility since the eNB may not reach the UE when the UE is not in Active Time. 
Observation 1: DRX is a trade-off between power consumption and scheduling flexibility. 

In NR, similar as in LTE, carrier aggregation is supported to increase the UE operation bandwidth, to increase the UE perceived data rate and also enhance the eNB scheduling flexibility. In both LTE and NR CA, a common DRX configuration per MAC entity is applied, i.e. the UE needs to monitor the PDCCH on all activated Serving Cells during the active time. This is to reduce the complexicity on UE implementation due to all aggregated cells having similar properties. 
However, CA for NR-U is different where aggregated cells include both unlicensed cells and licensed cells. For unlicensed cells, a successful LBT in the downlink is required for PDCCH transmission and the eNB cannot ensure that LBT is always successful. Therefore, in order to have similar scheduling chances as the licensed cells, UE may need to wake up longer to monitor PDCCH on unlicensed cells due to channel access uncertainty by LBT. But of course, this can be achieved by configuring longer drx-OnDurationTimer and drx-InactivityTimer
Observation 2: In order to have similar scheduling chances as the licensed cells, UE may need to wake up longer to monitor PDCCH on unlicensed cells due to the impact of LBT.
However, if longer timers are configured to the UE for monitoring PDCCH in NR-U for both lisencsed and unlisenced cells, which share the common DRX configuration, power consumption would be increased. In addition, from licensed cells’ prespective, such long active duration is not needed if similar scheluling flexibility as in NR is to be guaranteed. Therefore some enhancement on DRX mechanism may be needed in order to meet the scheduling requirement on unlicensed cells as well as to avoid consuming power unnecessarily. 

Observation 3: Common DRX configuration for licensed and unlicensed cells with longer timer may lead to unnecessary power consumption.
In Rel-14 LAA, some restriction on uplink transmission on LAA SCell was introduced and only LCHs configured with laa-UL-Allowed are allowed to perform uplink transmission on LAA SCells. This is because the channel availability cannot be guaranteed on unlincensed spectrum and in this case, some delay-sensitive service is not allowed to be transmitted via LAA SCells. Since different service is applied on licensed cell and unlicensed cell, some enhancement on DRX was proposed to be considered during the Rel-14 discussion, e.g., separate DRX configuration for licensed cells and unlicensed cells. 
For NR-based access to unlicensed spectrum, similar transmission restriction should be adopted, i.e., gNB configures the LCHs that are allowed to be transmitted on NR-based unlicensed cell. In addition, considering wideband carrier and BWP operation may be supported on NR-based unlicensed cell and more deployment scenarios are introduced, it may be not suitable to just reuse the DRX meahcnism used in LTE and NR. 
Therefore, we propose to further study whether to introduce some enhancement on DRX. One example for separate DRX configuration for licensed cells and unlicensed cells is illustrated in figure 1.
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Figure 1: DRX for NR-U
Proposal 1: Different DRX configurations for licensed cells and unlicensed cells are supported.
As for how MAC entity maintains the active time, based on the above analysis, in order to achieve the maximum power saving effect, it is better DRX operation is performed separately on groups of licensed and unlicensed cells, i.e., active time is counted separately for lincesed cells and unlicensed cells.

Proposal 2: Perform DRX operation independently on licensed and unlicensed cells per DRX configuation
3. Conclusion

In this contribution, we discuss some details related to DRX and we have the following observations and proposals:
Observation 1: DRX is a trade-off between power consumption and scheduling flexibility.

Observation 2: In order to have similar scheduling chances as the licensed cells, UE may need to wake up longer to monitor PDCCH on unlicensed cells due to the impact of LBT.
Observation 3: Common DRX configuration for licensed and unlicensed cells with longer timer may lead to unnecessary power consumption.
Proposal 1: Different DRX configurations for licensed cells and unlicensed cells are supported.
Proposal 2: Perform DRX operation independently on licensed and unlicensed cells per DRX configuration. 
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