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1. [bookmark: _Toc120549591]Introduction
At RAN1 #94bis meeting, the agreements about power saving characteristics and triggering was approved as the following [1], one of the power saving schemes is performing CSI measurements and feedbacks in DRX adaptation.
Agreements:
Study further:
Triggering for UE time domain processing adaptation
Trigger UE adaptation to DRX operation
UE DRX PDCCH monitoring and efficient UE wakeup 
Constraint on scheduling DCI during DRX ON
Performing CSI measurement/feedbacks and RRM measurements
Reducing power consumption during DRX ON
e.g., go-to-sleep signalling to assist UE to the sleep state 
Triggering dynamic adaptation among multiple DRX configurations
Trigger UE adaptation in reducing PDCCH monitoring 
Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters
Triggering for UE frequency domain processing adaptation
Trigger for the adaptation of BWP
State transition during BWP switching
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Trigger for the carrier adaptation in CA/DC 
State transition in CA/DC activation/deactivation
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation
Adaptation among different cells with different power consumption charateristics
Bundle adaptation among different cells
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Triggering UE processing adaptation
Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Network instructed
Trigger for adaptation in UE processing time
UE assistance information, e.g., k0, k1, k2 value
Network instructed
Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation
Triggering in reducing PDCCH blind decoding

In last meeting, the CSI report enhancement for C-DRX was discussed in our contribution [2]. In this contribution, the CSI measurement and report procedure will be discussed, including the timing relationship with DRX cycle, CSI measurement resource and power saving signal design. 
2. CSI report enhancement procedure for C-DRX
In this section, the CSI report enhancement procedure 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 for this time report occurs in DRX Active time as well. 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 the periodic configuration can not ensure that the CSI report appears at the DRX cycle starting position, gNB can not acquire CSI timely for efficient scheduling at that time. Even CSI measurement can be done at the beginning of DRX on duration, several slots are needed for gNB to receive the CSI report, especially for TDD system. 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 which is shown in Figure 1. This will decrease the spectrum efficiency and increase the UE power consumption because of low data rate transmission or additional retransmission. 


Figure 1. CSI report procedure in C-DRX
In order to avoid the absence of CSI report at the beginning of DRX cycle, 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 triggered on demand, only when UE is triggered to wake up for transmission or reception by power saving signal. This makes the CSI measurement and report more efficient.
3)	gNB could acquire CSI timely and transmit data more efficiently at the beginning of DRX Active time.
Proposal 1. Power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
Considering the UE behaviour in DRX operation and the timing relationship with detecting power saving signal and reporting CSI, two alternative CSI report enhancement procedures can be considered as in Figure 2(A) and Figure 2(B).
CSI report enhancement procedure 1:
Power saving signal is transmitted before DRX cycle which the time domain resource can be configured by gNB. If UE successfully detects power saving signal, UE measures and reports CSI before or at the beginning drx-onDurationTimer. After that, UE monitors PDCCH when drx-onDurationTimer is running. The CSI measurement resource and report resource can be configured by higher layer signalling or indicated by power saving signal. If UE can not detect power saving signal, UE will not monitor PDCCH in this DRX cycle.
CSI report enhancement procedure 2:
Power saving signal is transmitted at the beginning of DRX cycle. When comes to the DRX on duration, UE firsts detect power saving signal, if it is successfully detected, UE will measure and report CSI. In addition, gNB should also configure a PDCCH monitoring starting time which indicates UE the time to start monitor PDCCH. The CSI measurement resource and report resource can be configured by higher layer signalling or indicated by power saving signal. If UE can not detect power saving signal, UE will not monitor PDCCH in this DRX cycle.


Figure 2. CSI report enhancement for DRX with power saving signal procedure
In procedure 1, the power saving signal is before the DRX cycle. DRX configuration parameters and UE behaviour including all the timers in DRX operation will not change compared to R15. The only change of UE behaviour is detecting power saving signal and CSI reporting which is independent with DRX operation. In addition, the time domain location of power saving signal can be configured by gNB such as a time offset between power saving signal and DRX cycle. gNB can configure the time offset adapted to different slot formats.
In comparison, the power saving signal is at the beginning of DRX cycle in procedure 2. gNB should configure a time gap between power saving signal and PDCCH monitoring starting time which causes the on duration time divided into two parts. The first time window is for power saving signal detection and CSI report and the second time window is for PDCCH monitoring as traditional DRX operation. This will introduce new timer design and new UE behaviour in DRX operation which is different from R15. 
Therefore, procedure 1 and procedure 2 can be further studied as the CSI report enhancement procedure for C-DRX.
Proposal 2. Two procedures of CSI report enhancement for C-DRX can be further studied:
· Procedure 1: Power saving signal is transmitted before the DRX cycle and the R15 DRX operation will not be changed.
· Procedure 2: Power saving signal is transmitted at the beginning of DRX cycle and a new timer for UE start monitoring PDCCH can be introduced.
3. CSI measurement resource and power saving signal design
In the CSI report enhancement for C-DRX, UE first detect power saving signal and then measure and report CSI. In order to reduce detection complexity and power consumption of detecting power saving signal, the structure design of power saving signal will not be very complicated which will cause the decrease of power saving gain. Besides, the network signalling overhead of power saving signal should also be considered.
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:
Power saving signal as the measurement resource:
Power saving signal can be the CSI measurement resource which UE detects power saving signal and measures CSI simultaneously. In this case, power saving signal should be a sequence based structure, and the frequency domain resource of power saving signal should be distributed in the whole BWP to assist UE acquire the CSI in a large bandwidth range. In addition, multi-port should also be introduced into power saving signal design for UE calculating PMI and RI. Therefore, if the power saving signal is the CSI measurement resource, the structure design of it would be complicated and the network overhead will not be guaranteed as well. Otherwise, in order to keep a simple structure of power saving signal, the flexibility of CSI report quantity will be limited, such as only CQI or small layer RI and PMI can be reported.
Aperiodic CSI-RS as the measurement resource:
In this case, power saving signal triggers a CSI report and the aperiodic CSI-RS is transmitted after the power saving signal. This is similar to DCI triggering aperiodic CSI report procedure. gNB can configure one or more configurations of CSI-RS resource and the time offset from power saving signal. Furthermore, power saving signal can indicate the CSI-RS resource in this CSI report procedure similarly to the “CSI request” field in DCI. In this case, power saving signal can be designed as a low complexity structure such as a sequence or a new channel. Different cyclic shift or small payload size can also be introduced into power saving signal for indicating different CSI-RS configurations or CSI report configurations to increase the flexibility of CSI report enhancement for C-DRX.
Periodic CSI-RS as the measurement resource:
As stated in section 2, the periodic configuration of CSI report setting can not always ensure that the CSI report appears at the DRX cycle starting position, although the periodic CSI-RS reporting has been configured for UE. To fully utilize the existing configurations, such as CSI resource configuration, CSI report PUCCH setting, power saving signal can trigger a shift of nearest CSI resource and report. An example is shown in figure.3, since the CSI report occasion is not happened before gNB can schedule data, a CSI report occasion shift is triggered by the power saving signal which indicates wake up information for the following DRX on duration. Then the UE can use the configured periodic CSI-RS resource/CSI report but a different occasion to measure and report the CSI, all the parameters such as the PUCCH resource, frequency allocation can be reused. 
[image: ]
Figure 3. CSI report occasion shift triggered by power saving signal
Therefore, CSI-RS based measurement resource is preferred, since it can provide CSI measurement flexibility and keep low power saving signal detection complexity.
Proposal 3. CSI-RS could be as the CSI measurement resource.
Proposal 4. Power saving signal for CSI report enhancement should be designed with low complexity and small payload size. Sequence based or channel based power saving signal could be further studied.
4. Conclusions
In this contribution, the CSI report enhancement in C-DRX operation for UE power saving is discussed, and the following proposals are made.
Proposal 1. Power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
Proposal 2. Two procedures of CSI report enhancement for C-DRX can be further studied:
Procedure 1: Power saving signal is transmitted before the DRX cycle and the R15 DRX operation will not be changed.
Procedure 2: Power saving signal is transmitted at the beginning of DRX cycle and a new timer for UE start monitoring PDCCH can be introduced.
[bookmark: _GoBack]
Proposal 3. CSI-RS could be as the CSI measurement resource.
Proposal 4. Power saving signal for CSI report enhancement should be designed with low complexity and small payload size. Sequence based or channel based power saving signal could be further studied.
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