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1. [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, new Study Item on UE power saving in NR was approved [1], the objective are as the following,
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

0. 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)
0. Network and/or UE assistance information
0. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
0. Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
1. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
1. Study the enhancement of higher layer procedures for UE power saving   [RAN2]
2. Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
2. Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

[bookmark: _GoBack]As the above, one of the objective is the study of UE adaptation to the traffic and UE power saving in DRX configuration. In current CDRX operation procedure, the PDCCH-only monitor without data causes additional UE power consumption. In addition, the CSI report can only happen in DRX active time, as a result gNB will not acquire timely and efficient CSI information at the beginning of DRX active time. Therefore, the spectrum efficiency and BLER performance will decrease at the beginning of DRX cycle in especially short drx-onDurationTimer and drx-InactivityTimer.
Therefore, the UE power saving solutions in DRX operation could at least contain two aspects: one is reducing unnecessary UE wake up in DRX cycle with power saving signal, and another is the CSI report enhancement based on power saving signal to improve the spectrum efficiency and reduce retransmission. 
In this contribution, the general CSI report enhancement for C-DRX for UE power saving will be discussed. 
2. Motivation of CSI report enhancement for C-DRX
In this section, the motivation of CSI report enhancement for C-DRX will be discussed.
In current C-DRX operation procedure, UE can only report CSI on PUCCH or PUSCH in DRX Active time and the CSI measurement resources must occur in DRX Active time as well as the agreement at RAN1#93 meeting[2]. This restriction causes that gNB can not acquire timely and efficient CSI at the beginning of DRX cycle. 
For example, for periodic CSI report, all CSI measurement resources and CSI report resources are configured in periodical manner. If these configured periodicities are not aligned with the DRX cycle starting position, the CSI measurement occasions and CSI report occasions will decrease and gNB can not acquire CSI timely. As for aperiodic CSI report, UE should decode a PDCCH with a CSI request first and then report CSI on PUSCH, which means the gNB can not get the CSI in the front slots of the DRX cycle. Therefore, due to the restriction of measurement and report occasion, the efficiency of CSI report in DRX mode is not very well because that gNB can not acquire CSI at the beginning of C-DRX on duration period. This will decrease the spectrum efficiency and increase the UE power consumption because of low data rate transmission and additional retransmission. 
Thus, the CSI report enhancement for C-DRX should be considered in UE power saving design to reduce additional power consumption due to the absence of CSI report at the beginning of DRX cycle.
Proposal 1. The CSI report enhancement for C-DRX should be studied aiming for UE power saving.
3. CSI report triggered by power saving signal
In our companion contribution [3], it is analysed that power saving signal is necessary to be introduced for efficiently reduce PDCCH monitoring and PDCCH detection complexity. In this contribution, the procedure of CSI report enhancement for C-DRX based on power saving signal will be discussed.
In order to avoid the absence of CSI report at the beginning of DRX cycle mentioned in section 2, gNB can trigger a CSI report before or at the beginning of DRX on duration period based on power saving signal. That is the power saving signal have two functions, one is to wake up UE in current DRX cycle to receive or transmit data, and another is to trigger a CSI report before or at the beginning of drx-onDurationTimer.
The use of UE power saving signal to trigger CSI report have the following advantages:
1) Reduce network signalling overhead without PDCCH triggering CSI report.
2) The CSI report is on demand accompany with data transmission or reception. That is UE only reports CSI when be waked up to receive or transmit data triggered by power saving signal which the reported CSI is the most efficient and adapted to current channel environment.
3) gNB could acquire CSI timely and transmit data more efficiently at the beginning of DRX Active time.

Therefore, UE power saving signal could be used as a CSI report triggering signalling before C-DRX cycle to enhance the CSI report.
Proposal 2. UE power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
3.1 CSI measurement resource
In traditional CSI report, CSI measurement resource could be SSB or CSI-RS, and the time domain behaviour of CSI-RS can also be periodic, semi-persistent or aperiodic. 
In power saving scenario, considering the network overhead and UE monitoring behaviour, the following options can be studied as the CSI measurement resource:
1) UE power saving signal as the CSI measurement resource: UE monitors power saving signal and measures the CSI simultaneously.
2) CSI-RS as the CSI measurement resource: UE first monitors power saving signal and then measures CSI-RS if indicated. The CSI-RS is transmitted after the UE power saving signal.

Proposal 3. UE power saving signal or CSI-RS could be further studied as the CSI measurement resource.
3.2 CSI report resource
In current CSI report framework in NR, periodic CSI is reported on PUCCH and aperiodic CSI is reported on PUSCH. In power saving scenario, considering the reduce of signalling overhead of PUSCH resource allocation and the payload of CSI report will not be too large, PUCCH could be a better alternative which can be configured by higher layer signalling.
Proposal 4. PUCCH could be the starting point as the CSI report resource.
4. Conclusions
In this contribution, the general CSI report enhancement in DRX for UE power saving is discussed, and the following proposals are made.
Proposal 1. The CSI report enhancement for C-DRX should be studied in UE power saving.
Proposal 2. UE power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
Proposal 3. UE power saving signal or CSI-RS could be further studied as the CSI measurement resource.
Proposal 4. PUCCH could be the starting point as the CSI report resource.
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6. Appendix
Agreements about CSI measurement in DRX Active time at RAN1 #93 meeting [2], 
Agreement
The most recent CSI measurement occasion occurs in DRX Active time for CSI to be reported.
