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1 Introduction

In RAN2#105bis meeting, the RAN2 impact of PDCCH-based wake-up signalling (WUS) was discussed, and the following agreements are made.
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. 
In this paper, we discuss the RAN2 impact of WUS, and mainly focus on its impact on C-DRX. Also, some clarifications on the understanding for WUS are also provided.
2 Discussion

2.1 Clarification on “wake-up”
In RAN2#105bis meeting, it’s agreed that wakeup signalling is linked to c-DRX and is only configured when c-DRX is configured. In the latest TR, it’s captured:

When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The functionality of WUS is to indicate UE whether to wake up or not during the following DRX on duration. Based on our understanding, when WUS indicates UE to wake up, UE starts drx-onDurationTimer based on the DRX configuration. Otherwise, UE doesn’t start drx-onDurationTimer during the following DRX cycle. 
Proposal 1 RAN2 confirms that wake-up means UE starts drx-ondurationTimer, i.e., when WUS indicates UE to wake up, UE starts drx-onDurationTimer; otherwise, UE does not start drx-onDurationTimer.
2.2 Clarification on WUS received during DRX Active Time

According to the TR, UE monitors WUS at occasions located at a known offset before the start of the drx-onDurationTimer. It would be possible that during the WUS monitoring occasions the UE is already in DRX Active Time, e.g., due to the running of drx-InactivityTimer. It’s not clear whether the UE still need to monitor WUS.

Observation 1 During the WUS monitoring occasion, UE can be in DRX Active Time before start of drx-ondurationTimer, it’s not clear UE still need to monitor WUS.

In our view, we think UE may still need to monitor WUS in this case, due to the following reasons:

· WUS monitoring behaviour should be based on configuration instead of other activities, so that the monitoring behaviour can be well aligned between UE and gNB;

· gNB may still need to control the UE’s behaviour on whether to start drx-onDurationTimer. If the system is overloaded and UE will not be scheduled in the near future, or if there is no activity for the UE, gNB may not want the UE to start drx-onDurationTimer;
· there could be other functionalities supported by WUS, e.g., BWP switching, so considering those functionalities, it would be good to make the UE still monitor WUS in this case.

Proposal 2 UE still need to monitor WUS before the start of drx-ondurationTimer even if the UE is already in DRX Active Time.
Another aspect needs to be clarified is that, if WUS indicates UE not to wake up, does the UE stops the DRX Active Time or not? According to the MAC specification, the Active Time includes the time while:
-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).

There are two possible options:

· Option 1: UE stops the DRX Active and not starts the drx-onDurationTimer.
· Option 2: The DRX Active Time is not impacted and not starts the drx-onDurationTimer.
Proposal 3 If UE is in DRX Active Time during the WUS monitoring occasion, RAN2 clarifies whether UE stops the Active Time or not when WUS indicates not to wake up.
2.3 Considering the miss-detection of WUS
In our understanding, there are following two use cases for WUS to wake up UE, which may need to be further confirmed by RAN1: 
· Use case 1: UE wakes up based on the DCI content of WUS, i.e., there is a field in the DCI to explicitly indicate UE to wake up or not.
· Use case 2: UE wakes up based on the presence of WUS or not, i.e., UE wakes up based on whether the WUS is present or not. It’s FFS whether UE wakes up based on the presence of WUS or absence of the WUS.
Observation 2 UE may wake up either based on the DCI content of WUS or based on the presence of WUS. 

Miss-detection of WUS means that gNB actually sent the WUS but UE does not receive it. It has been discussed in RAN1 that the target miss-detection ratio for WUS is 0.1%. Nevertheless, WUS miss-detection may happen. Sometimes, UE may not be able to differentiate whether gNB does not send the WUS or it miss-detects the WUS;

Observation 3 UE may not be able to differentiate whether network does not send the WUS or it miss-detects the WUS. 

The impact of miss-detection of UWS is different depends on different use cases of WUS.
If UE wakes up based on the DCI contents of WUS, i.e., use case 1, the behaviour when UE does not receive the WUS should be clearly defined. If UE does not wake up when WUS is not received, in the case when miss-detection WUS happens, UE is not reachable even if gNB wants to wake up UE. It will have negative impacts on the scheduling performance. In order to avoid UE from missing PDCCH scheduling from gNB, when UE does not detect WUS, the UE should wake up and starts drx-onDurationTimer, even though some loss in power saving gain can be foreseen.

Proposal 4 If UE wakes up based on the DCI content of WUS, when UE doesn’t detect WUS, the UE wakes up and starts drx-onDurationTimer in order to avoid missing PDCCH scheduling from the gNB.

If UE wakes up based on presence of WUS, i.e. use case 2, UE may wake up based on the presence of UWS, or wake up based on the absence of WUS. 

· If UE wakes up based on the presence of WUS, UE will not wake up if it does not receive WUS. In this case, UE may miss some scheduling opportunities if miss-detection of WUS happens. Thus, it may have an effect on delay and throughput due to miss-detection of WUS.
· If UE wakes up based on the absence of WUS, UE will wake up if it does not receive WUS. In this case, even if miss detection WUS happens, the UE will not miss any scheduling opportunities. However, this means there will be less power saving gain compared with the above case since gNB would have to send WUS to make the UE go to sleep. Also, UE will unnecessarily wake up due to miss detection of WUS.
Anyway, how does the WUS is used should be involve RAN1’s study, so we think whether UE wakes up on the DCI contents of WUS or the presence of WUS is up to RAN1.
Observation 4 If UE wakes up based on the presence of WUS, miss-detection of WUS may have impact on scheduling performance. 

Observation 5 If UE wakes up based on the absence of WUS, miss-detection of WUS may have impact on power saving gain. 

Proposal 5 It’s up to RAN1 whether UE wakes up based on the DCI content of WUS or the presence/absence of WUS considering the miss-detection of WUS.
2.4 WUS configuration in time domain

In NB-IoT, WUS can be used in eDRX for power saving and a WUS can be associated with multiple paging DRX cycles since the traffic pattern is known prior by the network. The similar scheme can also be considered in WUS used for UE RRC_CONNECTED mode in NR, in other words, WUS can be associated with one or several DRX cycles. There are in general two options to achieve this:
· Option 1: gNB can configured WUS with different periodicity, which can be in terms of one of several of DRX cycles. When DRX cycle changes from long DRX cycle to short DRX cycle, or vice versa, the WUS occasion periodicity changes accordingly which means WUS monitoring period should be configured for long DRX cycle short DRX cycle respectively, however the time offset to the start of the drx-ondurationTimer should be irrespective of DRX cycle.

· Option 2: WUS itself can also indicate how long the gNB wants the UE to wake up or not to wake up. In other words, the DCI of WUS can be enhanced to include a duration so that during the duration UE does not need to monitor WUS anymore if WUS has already indicate UE to wake up. The duration can be in terms of one of several DRX cycles or millisecond. If it is in terms of multiple DRX cycles, when DRX cycle changes from long DRX cycle to short DRX cycle, or vice versa, UE would need to monitor WUS again.

Proposal 6 WUS can be associated with one or several DRX cycles;
Proposal 7 A periodicity in terms of DRX cycle can be configured to UE as part of WUS configurations.
Proposal 8 Network can indicate in the payload of WUS a duration which UE does not need to monitor WUS.
2.5 WUS configuration in frequency domain
In the CA scenario, how to configure WUS in frequency domain need to be discussed. There are two possible options:

· Option 1: An independent WUS is configured on each activated serving cell.
· Option 2: WUS is only configured on PScell, not on Scell.

For option 1, UE has to monitor WUS on each activated serving cell, which causes more UE power consumption. Additionally, the WUS resource overhead for option 1 is much larger than that for option 2. Actually, when using a single WUS to control all the carriers, a bitmap can be used to indicate UE whether to wake up or not on each carrier.
Proposal 9 WUS is configured on SpCell, not on SCell. 

A serving cell may be configured with one or multiple BWPs, and the maximum number of BWPs per serving cell is 4. For a serving cell, only one BWP is active in a time. WUS may be configured for one BWP or several BWPs. If there is no WUS configuration on the current active BWP, UE should follow the legacy DRX behaviour.
Proposal 10 WUS can be configured on one or several DL BWPs. If there is no WUS configuration on the current active BWP, UE should follow the legacy DRX behaviour.
2.6 UE-specific or UE group specific WUS
In RAN1#96bis meeting, RAN1 has discussed the PDCCH-based power saving signal and made the following agreements.
	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 


Obviously, the UE-specific WUS is the most flexible way of using WUS. However, the UE-specific WUS may lead to much resource overhead when there are large number of UEs in the system, so the UE group specific WUS should be supported to reduce WUS overhead.
Proposal 11 Both UE-specific and UE-group-specific WUS are to be supported. 

For the UE group specific WUS, multiple UEs can share a group specific WUS, and a bitmap can be used to indicate each UE in the group whether to wake up or not. A new type of RNTI need to be introduced and shared by all UEs in the same WUS group. The design for group based WUS is up to RAN1. 
Proposal 12 For UE-group-specific WUS, the UEs in the group share the same RNTI for monitoring WUS. Details on how to wake up UE in the group is up to RAN1.
3 Conclusion

Based on the discussion we propose the following:
Proposal 1
RAN2 confirms that wake-up means UE starts drx-ondurationTimer, i.e., when WUS indicates UE to wake up, UE starts drx-onDurationTimer; otherwise, UE does not start drx-onDurationTimer.
Proposal 2
UE still need to monitor WUS before the start of drx-ondurationTimer even if the UE is already in DRX Active Time.
Proposal 3
If UE is in DRX Active Time during the WUS monitoring occasion, RAN2 clarifies whether UE stops the Active Time or not when WUS indicates not to wake up.
Proposal 4
If UE wakes up based on the DCI content of WUS, when UE doesn’t detect WUS, the UE wakes up and starts drx-onDurationTimer in order to avoid missing PDCCH scheduling from the gNB.
Proposal 5
It’s up to RAN1 whether UE wakes up based on the DCI content of WUS or the presence/absence of WUS considering the miss-detection of WUS.
Proposal 6
WUS can be associated with one or several DRX cycles;
Proposal 7
A periodicity in terms of DRX cycle can be configured to UE as part of WUS configurations.
Proposal 8
Network can indicate in the payload of WUS a duration which UE does not need to monitor WUS.
Proposal 9
WUS is configured on SpCell, not on SCell.
Proposal 10
WUS can be configured on one or several DL BWPs. If there is no WUS configuration on the current active BWP, UE should follow the legacy DRX behaviour.
Proposal 11
Both UE-specific and UE-group-specific WUS are to be supported.
Proposal 12
For UE-group-specific WUS, the UEs in the group share the same RNTI for monitoring WUS. Details on how to wake up UE in the group is up to RAN1.


4 Annex
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 PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design. 
When PDCCH-based power saving signal/channel for wake-up purpose indicates UE to wake up, UE starts drx-onDurationTimer; otherwise, UE does not start drx-onDurationTimer. UE still need to monitor PDCCH-based power saving signal/channel for wake-up before the start of drx-ondurationTimer even if the UE is already in DRX Active Time. Whether UE stops DRX Active Time or not is FFS if PDCCH-based power saving signal/channel for wake-up indicates UE not to wake up.
If UE wakes up based on the DCI content of PDCCH-based power saving signal/channel, when UE doesn’t detect PDCCH-based power saving signal/channel, the UE starts drx-onDurationTimer in order to avoid missing PDCCH scheduling from the gNB.

PDCCH-based power saving signal/channel for wake-up can be associated with one or several DRX cycles. A periodicity in terms of DRX cycle can be configured to UE as part of the configurations for PDCCH-based power saving signal/channel for wake-up. Network can indicate in the payload of PDCCH-based power saving signal/channel for wake-up a duration during which UE does not need to monitor WUS.

The monitoring occasion of PDCCH-based power saving signal/channel for wake-up is configured on SpCell, not on SCell. The monitoring occasion of PDCCH-based power saving signal/channel can be configured on one or several DL BWPs. If there is no monitoring occasion of PDCCH-based power saving signal/channel on the current active BWP, UE should follow the legacy DRX behaviour.

Both UE-specific and UE group specific PDCCH-based power saving signal/channel for wake-up are to be supported. For UE group specific PDCCH-based power saving signal/channel for wake-up, the UEs in the group share the same RNTI for monitoring PDCCH-based power saving signal/channel.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.

1/6


