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1. Introduction
In UE power saving SID, the objectives for UE power saving in RRC-Connected mode are as follows.

	1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics




In this contribution, we will discuss possible enhancements on UL transmission during DRX off period to reduce UE power consumption. 
2. Discussion 

In current MAC spec [2], DRX Active Time includes the time when a Scheduling Request is sent on PUCCH and is pending. In other words, if there is UL data arrival during DRX off duration, UE will trigger SR and enter active time and monitor PDCCH after SR transmission.
Observation 1: Upon UL data arrival during DRX off duration, UE will immediately trigger SR and enter active time after SR transmission. 
In NR, UE can have DL configured assignments or UL configured grants (CG) during DRX off period, which triggers UE switching to Active Time to monitor any potential retransmission request (for UL) and PDSCH re-transmission (for DL). It is possible for gNB to match the configured assignments/grants with DRX Active Time when only one SPS/CG is configured. But multiple CG configurations may be supported in Rel-16. It is difficult to guarantee the matching between separate CG configurations and DRX active bursts.
Observation 2: Some SPS/CG resources within DRX off period can’t be avoided when multiple SPS/CG configurations with independent periodicities/offsets are supported.
The key point of the above cases is to reduce power saving efficiency due to UL transmission in DRX off period. Any UL/DL transmission/reception during DRX off period will cause a significant power consumption compared with Active Time mainly due to the required ramp up and ramp down times at UE wake-up/go-to-sleep according to the illustration of UE power consumption model at state transition in TR38.840 [3].
To improve power saving efficiency for these scenarios, a direct option is to achieve a trade-off between traffic latency requirements and UE power saving performance, e.g. for delay-tolerant traffic, UE transmission SR/UL data only within DRX active time period to reduce interruption of DRX off. An illustration is shown in the following figure 1.
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Fig.1 UL transmission in DRX
In the above figures, UL data/D-SR/RA-SR transmission will be delayed to the next DRX on duration. The additional latency for UL transmission delay is less than one DRX cycle, e.g. only for delay-tolerant traffic. Besides, considering traffic requirements, e.g. latency requirement, some UE power saving preference can be also included before decision, e.g. UE in lower power state.

Proposal 1: UE can delay UL CG/D-SR/RA-SR transmission to next active time depending on traffic requirement and UE power saving preference when they are triggered during DRX off state. 
Power saving is a pure UE requirement. Different UEs may have different preference for power saving or requirement for traffic latency. UE has related QoS configurations, e.g. discard timer reflecting delay requirement. And UE has more detailed information about UL traffic status than network, e.g. buffer state or waiting time. It is reasonable for UE to decide whether delay UL CG/D-SR/RA-SR transmission to next active time when they are triggered during DRX off state. The MAC spec impact seems minor.
Proposal 2: It is left to UE implementation whether to delay UL CG/D-SR/RA-SR transmission to next active time when they are triggered during DRX off state.
3. Text Proposal on TR
---------------------------------------------------------Text Proposal Start--------------------------------------------------------------

6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

UE can delay UL CG/D-SR/RA-SR transmission to next active time depending on traffic requirement and UE power saving preference when they are triggered during DRX off state. It is left to UE implementation whether to delay UL CG/D-SR/RA-SR transmission to next active time when they are triggered during DRX off state.

------------------------------------------------------Text Proposal End-------------------------------------------------------
Proposal 3: RAN2 to consider the above text proposal about UL transmission for power saving. 

4. Conclusions
Based on the discussions given above, we have the following observations and proposals：
Observation 1: Upon UL data arrival during DRX off duration, UE will immediately trigger SR and enter active time after SR transmission. 
Observation 2: Some SPS/CG resources within DRX off period can’t be avoided when multiple SPS/CG configurations with independent periodicities/offsets are supported.
Proposal1: UE can delay UL CG/D-SR/RA-SR transmission to next active time depending on traffic requirement and UE power saving preference when they are triggered during DRX off state. 
Proposal2: It is left to UE implementation whether to delay UL CG/D-SR/RA-SR transmission to next active time when they are triggered during DRX off state.

Proposal 3: RAN2 to consider the above text proposal about UL transmission for power saving. 
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