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1.
Introduction
RAN1 has considered some configuration scenarios for NR-based access to unlicensed spectrum and approved to move forward to discuss more functionality beyond the current TS for operation just in licensed spectrum.
In previous RAN2 meeting, we had achieved the following agreements:
Agreements

1:
The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

2:
RAN2 will also consider all the bands included in RAN1 study.

According to the email discussion among companies, DRX is one of the MAC aspects that should be studied for NR-U.
And in our opinion, as user services increase rapidly and spectrum resources become tenser, taking advantage of the unlicensed spectrum is becoming more attractive. Therefore, in this contribution, we discuss DRX process for unlicensed spectrum.

2.
Discussion 
DRX operation in licensed spectrum is used to reduce power consumption and increase battery life. However, there are many uncertainties that need to be considered in unlicensed spectrum which is public shared. For instance, the number of users that have intention to use the same band at a given time, which may lead to serious collision. Therefore, DRX process need to be reconsidered for unlicensed spectrum to ensure the operation execute correctly possibly as in the licensed spectrum.
According to the progress of the 3GPP meeting, some companies consider that two different DRX configurations are required, one for licensed spectrum and the other for unlicensed spectrum. For unlicensed spectrum, a possible enhancement is to extend the time of “Opportunity for DRX” without changing the active time duration, which can ensure that UE has sufficient scheduling time and do not generate excessive power consumption. However, the response time of UE itself may be too long, which is not expected and further study is needed.
Another solution is to configure different timer value (including drx-RetransmissionTimer and drx-InactivityTimer) for licensed and unlicensed DRX enhancement. Both timers, controlling event-based Active Time, may also be cell-specific, and a different configuration is more suitable for unlicensed spectrum which is occupied competitively. Whereas, configuration complexity for MAC entity may increase and both timers affect the entire “On Duration” period, which may lead to impact on UE scheduling time.  
As we know, the duty cycle of DRX is the ratio of “On Duration” to the whole DRX cycle which is composed of “On Duration” and “Opportunity for DRX”. According to DRX-Config in MAC-CellGroupConfig IE, the current DRX duty cycle is between 1/10240 and 1.
A large duty cycle for DRX is surely beneficial for UE to schedule, but it may not be appropriate for unlicensed spectrum because of the uncertainties as described above. The larger the duty cycle, the greater the probability of collision between UEs, which is not what we expected. Meanwhile, larger duty cycle also leads to reduced battery life as well as increased power consumption, which is the same problem as that for licensed spectrum. 
Observation 1: In NR-U, a larger duty cycle for DRX may cause conflicts among UEs.
However, a smaller duty cycle for DRX may not be better than a larger one. When UE has a smaller duty cycle for DRX, maybe there is less impact on other UEs who want to use the unlicensed spectrum, which could provide access opportunities for more users. Since that the LBT (Listen Before Talk) procedure is essential for UE who needs to utilize unlicensed spectrum for a uplink scheduling, a too small duty cycle may lead to that the UE cannot implement scheduling well in active time, which in turn affects subsequent data transmission.
Observation 2: In NR-U, a smaller duty cycle for DRX may have a bad impact on scheduling.
As mentioned above, a too large or too small duty cycle may not be suitable for unlicensed spectrum that requires an LBT process. In order to avoid collisions among multiple UEs as much as possible while ensuring that scheduling time for UE is sufficient, we need to further study the duty cycle for DRX for unlicensed spectrum.
Proposal 1: In NR-U, the duty cycle configuration for DRX needs further consideration.
3.
Conclusion
The proposal and observations made in this contribution are summarized below.
Observation 1: In NR-U, a larger duty cycle for DRX may cause conflicts among UEs.
Observation 2: In NR-U, a smaller duty cycle for DRX may have a bad impact on scheduling.
Proposal 1: In NR-U, the duty cycle configuration for DRX needs further consideration.
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