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1. Introduction
In last RAN2#105bis meeting, the agreements about wake up signalling are as follows:
Agreements

1.
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

2.
Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

3.
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion. 
And in last RAN1#96bis meeting, the agreements about PDCCH-based power saving signal/channel which may have potential impacts on RAN2 are as follows:
	Agreements:

· The PDCCH-based power saving signal/channel is UE-specifically configured.   

· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):

· Alt 1: triggering a single UE only 

· Alt 2: triggering UE(s) within a group 

· FFS whether to always trigger all UEs in a group or a subset of it

· Alt 3: Alt 1 & Alt 2 

Agreements:

The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 

· Indication of one or more power saving associated operations.  

· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format

Agreements:

Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–

· Essential for UE function for the C-DRX

· Wakeup – 

· UE is indicated to transition from outside Active Time to Active Time

· UE is indicated to stay at Active Time

· Go to sleep– 

· UE is indicated to transition from Active Time to outside Active Time.

· UE is indicated to stay outside Active Time

· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

· Cross-slot scheduling

· Triggering RS transmission

· CSI report

· Single vs. multi-cell operation

· BWP /SCell

· BWP & SCell together 

· BWP and SCell have separated fields

· MIMO layer adaptation/number of Anenna adaptation 

· May further depend on RAN4’s work

· Indication of CORESET/search space/candidate of subsequent PDCCH decoding

· PDCCH monitoring periodicity

· PDCCH skipping (skipping duration)- 

· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 

· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 
The following candidates may be discussed after RAN2’s SI is completed:

· Skipping number of DRX monitoring 

· SPS activation

· DRX configuration 




In this contribution, we will discuss different wake-up signal (WUS) designs and their impacts on DRX procedure from the RAN2 perspective to reduce UE power consumption. 
2. Discussion 

According to RAN1 and RAN2 agreements, PDCCH based wake-up signals (WUS) is used to indicate UE whether to wake up or to remain asleep. The WUS can only be operated with DRX configuration. If configured with WUS, UE will monitor for WUS occasions at a known offset before on duration of C-DRX. And regular PDCCH monitoring is only started when explicit or implicit wakeup indication is detected, otherwise UE goes to sleep in this DRX cycle. 
In this paper, we focus on three WUS designs and their impacts on DRX procedure.
Alt 1: WUS triggered onDuration keeping
UE monitors for WUS occasions at a known offset before onDuration of C-DRX. Regular PDCCH monitoring is only started when WUS is detected, otherwise UE goes to sleep in this DRX cycle. An example is shown in Fig1.
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Fig 1 WUS triggered onDuration keeping
This Alt1 is particularly suited to the case where service burst is sparse. That is to say, UE only needs to wake up in a small period of DRX onDuration and can go to sleep in lots of DRX cycles. Hence the overhead of WUS is relatively small and meanwhile a large power saving gain can be achieved.

Observation 1: WUS triggered onDuration keeping can achieve a large power saving gain with a small signalling overhead in the case of sparse packet arrival.
However it will face serious consequences when WUS is lost or mis-detected. It means that UE cannot wake up in time and will miss its PDCCH monitoring and potential DL scheduling, which will lead resource wasting and service delay increasing. Hence high reliability design for WUS triggered onDuration keeping will be required.
Observation 2: High reliability design for WUS triggered onDuration keeping will be required.

Alt2: WUS triggered onDuration skipping
UE monitors for WUS occasions at a known offset before onDuration of C-DRX. UE will go to sleep in this DRX cycle when WUS is detected, otherwise UE remains regular PDCCH monitoring. An example is shown in Fig2.
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Fig 2 WUS triggered onDuration skipping
This Alt2 is particularly suited to the case where service burst is dense. That is to say, UE will keep regular PDCCH monitoring in a large number of DRX onDuration and only needs to go to sleep in a small amount of DRX cycles. Hence the overhead of WUS is relatively small. However, if the service burst is dense, most likely the WUS is not configured by gNB. Meanwhile power saving gain for Alt 2 are also relatively lower since only small amount of onDuration power is saved. However for the case where service burst is sparse and lots of onDuration power can be saved, signaling overhead of Alt2 is higher than that of Alt1. The only advantage of Alt 2 is that the consequences of misdetection is negligible, where UE only wastes PDCCH monitoring power in one onDuration period.
Observation 3: WUS triggered onDuration skipping cannot achieve considerable power saving gain with a small signalling overhead if the service burst is sparse.

Alt3: Explicit indication for either wakeup or go-to-sleep
UE monitors for WUS occasions at a known offset before onDuration of C-DRX. UE will decide whether to start regular PDCCH monitoring or go to sleep in this DRX cycle according to explicit signaling field indication, e.g. 0/1 bit, when WUS is detected, otherwise UE remains regular PDCCH monitoring. An example is shown in Fig3.
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Fig 3 Explicit indication for either wakeup or go-to-sleep
Alt 3 always needs a WUS to indicate whether to wake up or go to sleep in the next onDuration period, whose overhead is higher than above Alt 1 and Alt 2. But it can reduce overhead by group design, which means one WUS to indicate a group of UEs to wake up or not. If all UEs in the group do not need to wake up, gNB does not need to send any WUS in this case.
Observation 4: Explicit indication for either wakeup or go-to-sleep is suitable for group common WUS design.

The following table gives a comparison among the above three alternatives.
	
	Alt 1

WUS triggered onDuration keeping
	Alt2

WUS triggered onDuration skipping
	Alt3

 Explicit indication for wakeup/go-to-sleep

	Behaviour
	Upon WUS
	Regular PDCCH monitoring in onDuration
	Go to sleep
	Decided by WUS field

	
	Without WUS
	Go to sleep
	Regular PDCCH monitoring in onDuration
	Regular PDCCH monitoring in onDuration

	Sparse traffic case
	Overhead
	Low
	High
	Reduced by group design

	
	PS gain
	High

	Dense traffic case
	Overhead
	High
	Low
	Reduced by group design

	
	PS gain
	Low

	Most suitable scenarios
	Sparse traffic burst
	Dense traffic burst
	Group common case

	Consequences of misdetection
	Missing DL scheduling (with very low probability) 
	Wasting PDCCH monitoring power in one onDuration period
	Wasting PDCCH monitoring power in one onDuration period


According to the above comparisons, Alt 2 (WUS triggered onDuration skipping) can be excluded firstly because of its lower power saving gain. For Alt1, Alt3 or both supported but configurable, it will be left to RAN1 for further evaluation and final decision.
Hence we proposed:
Proposal 1: WUS triggered onDuration skipping can be excluded firstly.
Proposal 2: Whether WUS triggered onDuration keeping, explicit indication or both supported and configurable can be left to RAN1 decision.

3. Text Proposal on TR

---------------------------------------------------------Text Proposal Start--------------------------------------------------------------

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

There are three alternative designs of PDCCH-based power saving signal/channel scheme for wake-up purpose (WUS) with DRX:
Alt 1: WUS triggered onDuration keeping;

Alt 2: WUS triggered onDuration skipping;

Alt 3: Explicit indication for either wake-up or go-to-sleep;
The following table gives a comparison among the above three alternatives.
	
	Alt 1

WUS triggered onDuration keeping
	Alt2

WUS triggered onDuration skipping
	Alt3

 Explicit indication for wakeup/go-to-sleep

	Behaviour
	Upon WUS
	Regular PDCCH monitoring in onDuration
	Go to sleep
	Decided by WUS field

	
	Without WUS
	Go to sleep
	Regular PDCCH monitoring in onDuration
	Regular PDCCH monitoring in onDuration

	Sparse traffic case
	Overhead
	Low
	High
	Reduced by group design

	
	PS gain
	High

	Dense traffic case
	Overhead
	High
	Low
	Reduced by group design

	
	PS gain
	Low

	Most suitable scenarios
	Sparse traffic burst
	Dense traffic burst
	Group common case

	Consequences of misdetection
	Missing DL scheduling (with very low probability) 
	Wasting PDCCH monitoring power in one onDuration period
	Wasting PDCCH monitoring power in one onDuration period


According to the above table, WUS triggered onDuration skipping can be excluded firstly. Whether WUS triggered onDuration keeping, explicit indication or both supported but configurable can be left to RAN1 decision.
------------------------------------------------------Text Proposal End-------------------------------------------------------
Proposal 3: RAN2 to consider the above text proposal about WUS cooperation with C-DRX for power saving. 

4. Conclusions
Based on the discussions given above, we have the following observations and proposals：
Observation 1: WUS triggered onDuration keeping can achieve a large power saving gain with a small signalling overhead in the case of sparse packet arrival.

Observation 2: High reliability design for WUS triggered onDuration keeping will be required.

Observation 3: WUS triggered onDuration skipping cannot achieve considerable power saving gain with a small signalling overhead.

Observation 4: Explicit indication for either wakeup or go-to-sleep is suitable for group common WUS design.

Hence we proposed:
Proposal 1: WUS triggered onDuration skipping can be excluded firstly.

Proposal 2: Whether WUS triggered onDuration keeping, explicit indication or both supported and configurable can be left to RAN1 decision.

Proposal 3: RAN2 to consider the above text proposal about WUS cooperation with C-DRX for power saving. 
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