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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was agreed in RAN#80 meeting that power saving techniques should be studied in a new SI [1]. RAN1 first started working on this SI, focusing on evaluating the expected power saving gains from such techniques and on the design principle of the power saving signal/channel [2]. RAN2 discussed this topic for the first time in RAN2#105 which resulted in the following preliminary agreements regarding the usage of the new RAN1 power saving signal/channel:
	Agreements
-	RAN1 can focus on the design on the signal/channel.   From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX.   RAN2 should study the impact to c-DRX. 
-     RAN2 assumes that RAN1 will downscope the solutions as soon as possible


Furthermore, in RAN#83, a WID was agreed in [3] to allow RAN1 starting right away the specification work of the power saving signal/channel, with a focus on the PDCCH-based power saving signal/channel. Hence, in this contribution, we discuss the impact of PDCCH-based power saving signal/channel on DRX.
Discussion
Some preliminary principles of power saving signal/channel usage with DRX operation are captured in Section 5.1.4 (Adaptation to DRX operation) of TR38.840 [2] along with associated power saving gains in the range of 8%-50%. They are summarized as:
	The power saving scheme of power saving signal/channel triggering UE adaptation to DRX operation is to configure the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected. The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.


In the following we further formalize these principles from RAN2 perspective.
1.1. Power saving signal/channel model in MAC
First, we think we need a simple model of the power saving signal/channel that can be used by MAC independently of the exact physical layer design. We think the simplest model to start with can reduce to the following binary command:
· Wake-up
· Sleep
Again, the above can result from e.g. an explicit 1-bit coding in a physical layer signal/channel or in the presence/absence of such signal/channel or in any other form. This does not matter from MAC perspective. Moreover, such command should be considered as the minimum information and does not preclude the power saving signal/channel carrying more information.
Proposal 1: From MAC perspective, the power saving signal/channel is modeled as, at least, a binary command: wake-up / sleep.
1.2. Power saving signal/channel and DRX
Clearly, [2] shows that using the power saving signal/channel in complement to DRX can further reduce the UE power consumption based on (at least) the following principles:
· Just before or at the beginning of the Active Time, UE monitors the power saving signal/channel to check whether it needs to wake-up or not.
· When not in Active Time (DRX-OFF period), UE neither monitors the power saving signal/channel nor the PDCCH.
As illustrated in Figure 1, at the beginning of (or just before) the Active Time, if the UE does not receive from the power saving signal/channel an indication to wake-up, it assumes there is no data and stays in the sleep state. Otherwise, UE wakes-up and performs PDCCH monitoring, as in normal DRX operation. Such operation allows further reducing the power consumption because:
· Power saving signal/channel is only monitored during or before Active Time
· The power saving signal allows skipping some Active Time periods.
An example of the usage of this procedure is provided in Figure 1, where the DRX is configured to match with a periodic but non deterministic traffic where data may or may not be present at periodic intervals. In such case, only one power saving signal/channel occasion per DRX cycle is needed, before or at the beginning of the Active Time. Indeed, if the UE only serves this traffic, or if other traffic data can afford being delayed to the next DRX cycle, the full Active Time period can be skipped. 

[bookmark: _Ref4150365]Figure 1: Power saving signal controlling DRX Active Time skipping 
From the above discussion, some baseline principles for the use of the power saving signal/channel in DRX are as follows:
Proposal 2: During DRX operation, the power saving signal/channel is monitored just before or at the beginning of the DRX Active Time.
Proposal 3: As in legacy DRX, when not in Active Time, UE does not monitor the PDCCH.
Proposal 4: The power saving signal/channel is used to skip PDCCH monitoring until the next power saving signal/channel monitoring occasion.
Conclusion
In this contribution, we discussed possible handling of the newly RAN1-defined power saving signal/channel by MAC during DRX operation. The resulting observations and proposals are as follows, and we propose a TP to TR 38.840 in Section 5:
Proposal 1: From MAC perspective, the power saving signal/channel is modeled as, at least, a binary command to the UE: wake-up / sleep.
Proposal 2: During DRX operation, the power saving signal/channel is monitored just before or at the beginning of the DRX Active Time.
Proposal 3: As in legacy DRX, when not in Active Time, UE does not monitor the PDCCH.
Proposal 4: The power saving signal/channel is used to skip PDCCH monitoring until the next power saving signal/channel monitoring occasion.
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[bookmark: _Toc3387278]6.3	Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX. The higher layer procedure in support of the power saving signal/channel scheme for wake-up purpose should be studied for the power saving signal/channel scheme adaptation to DRX operation (Section 5.1.4). 
From MAC perspective, the power saving signal/channel is modeled as, at least, a binary command: wake-up / sleep.
At the minimum, the power saving signal/channel usage during DRX operation, can further reduce the UE power consumption by allowing the UE to skip some DRX Active Time intervals based on (at least) the following principles (Figure 1):
· Just before or at the beginning of the Active Time, UE monitors the power saving signal/channel to check whether it needs to wake-up or not.
· When not in Active Time (DRX-OFF period), UE neither monitors the power saving signal/channel nor (as in legacy DRX) the PDCCH.


Figure 1: Power saving signal controlling DRX Active Time skipping 
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