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Introduction
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]In the previous meeting in RAN1#Ad- Hoc 1901, the following agreements were made [1]:
	Agreements:
The general procedure for the study of UE adaptation to the DRX operation is as follows,
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 
When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring
· Preparation period is used for ,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used In preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going  to sleep state, e.g.,
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON


In the following contribution, we discuss about the UE power saving schemes adaptive to DRX configuration.
UE adaption to DRX configuration
Power saving signal cycle
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For DRX configuration, the adaptation to DRX can be triggered by power saving signals. There are two main issues about the transmission of power saving signal: transmission cycle and transmission time. At present, in the course of discussion, power saving signal cycle is mainly relative to the DRX cycle, which is configured by the gNB. And the power saving signal cycle can be divided into three kinds:
(1) Larger than the DRX cycle. It can be set to multiple of the DRX cycle.
(2) Equal to DRX cycle. It has a fixed interval with DRX ON period.
(3) Less than the DRX cycle. It is generally a fraction of the DRX cycle.
If the power saving signal cycle is too long, the delay may be greater so it can not satisfy the frequent service requirement. In contrast, if it is too short, more overhead of power saving signal will be introduced. Therefore, the overhead and the gain of transmitting power saving signal may be measured. 
Proposal 1: When consider the power saving signal cycle for DRX configuration, the overhead and the gain of transmitting power saving signal should be measured.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]
The fundamental function of power saving signal is to indicate UE whether to monitor PDCCH during DRX ON period or not. If UE receives power saving signal before or at the beginning of DRX ON, the UE needs to wake up during the DRX ON period to receive PDCCH. Otherwise, the UE will skip the monitoring process during DRX ON period and continue sleeping.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In addition, in the current RRC connected DRX, if UE is required to measure additional reference signals(CSI-RS, TRS, SSB, etc.), to performing channel tracking and to report CSI through PUCCH or PUSCH, UE can only carry out these operations in DRX ON period, which lead to gNB cannot obtain effective CSI at the beginning of the DRX ON period in time.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Power saving signal may also be used to trigger UE to receive additional reference signals before DRX ON period, When UE received power saving signal before DRX ON period, the UE carries out channel tracking and CSI reporting, preparing for receiving PDCCH during DRX ON period. However, UE does not necessarily need to carry out this preparation process within each DRX period. For example, UE does not always send CSI during each DRX period. If UE implement the preparation process every time it receives power saving signal, it may waste power carrying out by unnecessary operations.
Observation 1: Power saving signal may be used to trigger UE to receive additional reference signals adaptively.
Besides, PDCCH may be received in the late period of DRX ON. Therefore, it is necessary for the UE to wake up adaptively within DRX ON period to avoid monitoring during the whole DRX ON period.
Power saving signal scheme
In the following, we introduce a multi-occasion power saving scheme which can be adaptive to the DRX configuration. The power saving signal cycle is equal to that of DRX. However, the interval between the power saving signal occasion and the start of DRX ON is multiple-choice, which is configured by the network. UE monitors wake up signal(WUS) at the multiple optional occasions, and if it receives the WUS, it performs corresponding operations at that occasion. Otherwise, it continues to sleep and monitors the WUS at the next occasion.
Network chooses one among multiple optional occasions to transmit the WUS according to service:
1. When network has a demand for UE to carry out the preparation such as feedback CSI, track the channel and receive SSB, the network choose the occasion which WUS_Offset>0 to transmit WUS, In which case the UE needs to wake up in the sleeping period to monitor WUS. When the UE has received the WUS, the UE wakes up to carry out the preparation, and monitor PDCCH during DRX ON period.
· After a period of preparation, if the UE does not reach the DRX ON period, the UE go to sleep and wake up at the beginning of DRX ON, otherwise, the UE go to DRX ON period to receive PDCCH directly, as shown in Figure 1 and Figure 2.
2. When network does not have a demand for UE to carry out the preparation, and PDCCH will be sent at the beginning of DRX ON, the network choose WUS_Offset=0 to transmit WUS indicating the UE to monitor PDCCH at the beginning of DRX ON. For the UE, if it has received WUS, the UE wakes up in the DRX ON to monitor PDCCH directly. Otherwise, it skips the DRX ON period and continues to sleep, as shown in Figure 3.
3. When network does not have a demand for UE to carry out the preparation, and PDCCH will be sent in the latter part of DRX ON period, the network choose WUS_Offset<0 to transmit WUS, which means that the UE wakes up to monitor PDCCH after a period of the DRX ON. Before having received WUS signal, UE will continue sleep in DRX ON period, avoiding monitoring during the whole DRX ON period, as shown in Figure 3.

              Figure 1. Power saving signal trigger the preparation with WUS_Offset>0

             Figure 2. Power saving signal trigger the preparation with WUS_Offset>0


Figure 3. Power saving signal trigger the preparation with WUS_Offset=0


Figure 4. Power saving signal trigger the preparation with WUS_Offset<0
Proposal 2: In order to adapt to DRX configuration, Multiple-occasion scheme of WUS should be considered according to the followings:
(1) Whether to carry out the preparation during one DRX cycle.
(2) Whether to monitor the PDCCH at the beginning of the DRX ON.
The power saving signal used in this scheme is only used as an indication information and does not carry any other bits. If UE receives the power saving signal at a WUS occasion during one DRX cycle, it wakes up to perform the corresponding operation and no longer receives the WUS signal at the following WUS occasions. Otherwise, UE continues to sleep and monitor WUS at the next WUS occasion. 
Proposal 3: The power saving signal should be designed as just an indication and should not carry any other data bits.
Summary
In this contribution, we give our discussions on power saving scheme in adapt to DRX configuration in the NR system, and put forward the following observations and proposals: 
Proposal 1: When consider the power saving signal cycle for DRX configuration, the overhead and the gain of transmitting power saving signal should be measured.
[bookmark: _GoBack]Observation 1: Power saving signal may be used to trigger UE to receive additional reference signals adaptively.
Proposal 2: In order to adapt to DRX configuration, Multiple-occasion scheme of WUS should be considered according to the followings:
(1) Whether to carry out the preparation during one DRX cycle.
(2) Whether to monitor the PDCCH at the beginning of the DRX ON.
Proposal 3: The power saving signal should be designed as just an indication and should not carry any other data bits.
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