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1 Introduction
According to the new WID on UE power saving [1], specifying procedures triggering a MAC entity to “wake up” to monitor PDCCH is in RAN2’s scope, i.e., the “waking up” PDCCH-based power saving signal/channel related UE behaviours which affect the MAC layer should be defined in RAN2.
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  Thepower saving technique should address latency and performance in NR as well as network impact.  The objective of theUE power saving includes the following,
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure


In RAN2 #106 meeting, the impact of PDCCH-based WUS linked to C-DRX was discussed. Relevant agreements are presented below [2].
	Agreement 

1. From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration.  Apart from the onDuration, there are no DRX procedure impacts.

2. FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer).  This will be discussed in the WI phase. 

3. Details of WUS design is left to RAN1


As highlighted above, the issue that WUS collides with legacy DRX active time was identified, but no consensus has been achieved on how to define the UE behaviour in such case.
In this contribution, we will further analyse the issue of WUS collision with DRX active time and discuss potential UE behaviours under the collision case.
2 Discussion
2.1 Issue on WUS collision

According to previous RAN2 agreements, as shown in Fig.1, it has been confirmed that if configured with WUS, UE should monitor for WUS occasions in advance at a known offset before the DRX on duration and subsequently monitor or skip the corresponding on duration based on the indication of the WUS. Therefore, UE behaviours related to WUS monitoring should be clearly defined to avoid ambiguity for UE to determine whether to start the drx-onDurationTimer or not.
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Fig.1 Distribution of WUS occasion(s)
Considering that the DRX active time, apart from DRX on duration, also includes the time related to SR and RA procedures or can be extended by other DRX timers (e.g. drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, etc.), it is possible that the UE is in DRX active time during the configured WUS occasion(s). 
This issue has already been identified in RAN2 #106 meeting, but no conclusion was drawn for the solution. In this section, we further analyse the issue.
Based on the latest RAN1 progress, the detailed configuration of WUS occasion(s), including the duration and the number of the occasion(s), has not been designed. Therefore, the following two cases are both possible in our view.
Case 1: WUS occasion(s) fully overlaps with the DRX active time
As shown in Fig.2, in this case, the legacy DRX active time in DRX cycle N is long enough and ends after the duration of WUS occasion(s), which results in that the WUS occasion(s) associated to DRX cycle N+1 is fully contained in the legacy active time.
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Fig.2 WUS occasion(s) fully overlaps with DRX active time

Case 2: WUS occasion(s) partly overlaps with the DRX active time
Fig.3 illustrates the case when WUS occasion(s) partly overlaps with the DRX active time. Compared with Case 1, the active time in DRX cycle N is also extended, it however ends during the WUS occasion(s) associated to DRX cycle N+1, i.e., the first part of the WUS occasion(s) collides with legacy DRX active time while the latter part lies out of the active time. 
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Fig.3 WUS occasion(s) partly overlaps with DRX active time

Therefore, considering that there can be two types of WUS collision, solutions to this issue should cover both of the partly-overlapped case and the fully-overlapped case. 

Observation 1: The WUS occasion may partly or fully overlap with legacy active time.

As for defining the UE behaviour, we do not see any strong requirements to separate the two cases. On the one hand, we do not find it is worth efforts to design two sets of rules. Besides, if different rules are utilized, UE would need to check whether the WUS occasion(s) is fully contained in legacy DRX active time or just partly contained, which further increases the complexity of UE implementation. Therefore, for the sake of simplicity, we propose to design the same principle of UE behaviour for Case 1 and Case 2.
Proposal 1: For simplicity, define a unified UE behaviour on WUS collision for the partly-overlapped case and the fully overlapped case.

2.2 UE behaviour on monitoring/skipping WUS

Bases on the analysis in section 2.1, we assume that the same principle will be designed for Case 1 and Case 2, hence observations and proposals below are applicable for both cases.
In this section, we discuss specific UE behaviours related to WUS monitoring, i.e., whether the UE monitors or skips the WUS in the case of WUS collision. Actions after monitoring or skipping WUS will be investigated in next section. 
Generally, there can be two options on WUS monitoring.

Alt 1: UE skips the overlapped WUS occasion
As can be seen in Fig. 4, in this option, UE only monitors for the WUS occasion(s) which fully lies in DRX non-active time whereas the WUS occasion(s) colliding with active time is skipped. More specifically, UE checks whether it is in DRX active time at the beginning of the duration of WUS occasion(s) and subsequently skips monitoring the corresponding WUS if it is already in active time. Similarly, to avoid interoperable problems, the network should also ignore the corresponding WUS occasion(s). 

Such alternative can be simpler to some extent in terms of UE and network implementation. 

From UE’s perspective, if the UE is exempt from detecting WUS when it is in active time, it can just follow legacy operations, which implies that the PDCCH monitoring would be simpler and the power for monitoring the WUS can be saved especially in the case where the DCI format of the WUS is a new format. 

From network’s perspective, the network also does not need to send the WUS when the occasion(s) is overlapped by DRX active time, which can reduce the signalling overhead.


[image: image4.emf]WUS occasion(s)

(Monitored)

DRX 

on duration

DRX cycle N

DRX 

Active time

(except on duration)

…

WUS occasion(s)

(Skipped)

DRX cycle N-1

DRX cycle N

…

DRX cycle N-1

Case 2:

Case 1:


Fig.4 UE skips the overlapped WUS occasion
Alt 2: UE monitors every WUS occasion
In this alternative, if configured with WUS, UE should keep monitoring WUS in every WUS occasion regardless of whether it is in DRX active time or not.
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Fig.5 UE monitors every WUS occasion
It is obvious that this option is beneficial for UE to have a unified behaviour on monitoring WUS, i.e., the UE needs not to distinguish which WUS occasion(s) should be monitored while which not and it just prepares to monitor WUS at the beginning at each configured WUS occasion.

Besides, Alt 2 has less impacts on specifications. Since UE behaviours on WUS monitoring for Case 1 and Case 2 are identical, a unified procedure can be designed for both cases. There is no need to explain or put restrictions on “special situations” in specifications.  
Therefore, it can be observed from the discussion above that there are two alternatives of UE behaviours and each operation can have some merits. We should define the UE behaviour clearly to prevent ambiguity or interoperability issues.
Proposal 2: RAN2 to determine the UE behaviour when the WUS occasion(s) overlaps with any legacy DRX active time:

· Alt 1: UE skips monitoring for the WUS occasion(s) if UE is already in DRX active time at the beginning of the WUS duration.

· Alt 2: UE monitors for every configured WUS occasion regardless of the current DRX state.

Observation 2: Alt 1 can be simpler in terms of UE and network implementation while Alt 2 is beneficial for UE to have a unified behaviour on monitoring WUS and has less specification impacts.

From the perspective of specification impacts, we think Alt 2 is the more preferable design. 
2.3 Subsequent UE behaviour

According to the two alternatives in section 2.2, the subsequent UE behaviour can also be different. Here we take Case 1(i.e. the fully overlapped case) as an example for the illustration below.

For Alt 1:
As presented in Fig. 6, if the UE skips the overlapped WUS occasion(s), it is necessary to clarify the subsequent UE behaviour, i.e., whether the UE should monitor or skip the next DRX on duration. Otherwise, there may exist misalignment between the network and the UE.
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Fig.6 UE behaviours after skipping the overlapped WUS occasion(s)
In Opt A, the UE applies normal DRX operation in the next DRX on duration, i.e., it will start the corresponding drx-onDurationTimer, which means no modification is required on the current starting rules.

In Opt B, the UE skips monitoring the next on duration if it does not monitor the associated WUS occasion(s).

In our view, Opt A outweighs Opt B. First, Opt A would not bring changes to the current rule for starting drx-onDurationTimer while Opt B requires the UE to check if the associated WUS occasion is monitored or skipped when it decides whether to start the drx-onDurationTimer. That is, Opt A is consistent with the legacy DRX operation as if no WUS is configured.

In addition, the network can have more scheduling flexibilities in Opt A. If the next on duration is skipped, the network may have to wait for a whole DRX cycle before the UE wakes up again, which not only puts constrains on scheduling, but also may increase delay obviously.

Therefore, we propose that UE applies legacy DRX operation when it does not monitor for the corresponding WUS occasion(s) (i.e. Opt A).
Proposal 3: If UE skips the WUS occasion(s) when it is in legacy DRX active time, UE should apply normal DRX operation in the next DRX on duration.
For Alt 2:
As for Alt 2, if the UE monitors the WUS occasion(s) regardless of the DRX state, we believe the principle on subsequent behaviours which has been agreed in RAN2 #106 meeting should be applied, since the overlapped WUS occasion(s) is not distinct from the non-overlapped under this circumstance.
As highlighted below [3], the UE should determine whether to start the drx-onDurationTimer based on the indication of the corresponding WUS. Besides, the WUS should have no impact on other DRX timers and active time due to other triggers than drx-onDurationTimer.
	6.3.1
Higher Layer procedure related to PDCCH-based power saving signal/channel scheme for wake-up purpose (Section 5.1.4)

<Text omitted here>
The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-onDurationTimer at its next occasion. From higher layer perspective, in order to minimize the rate of such PDCCH-based power saving signal/channel transmission from the network, the preference is that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer.
Except for the drx-onDurationTimer, the PDCCH-based power saving signal/channel for wake-up purpose has no impact on other DRX timers and does not impact the Active Time due to other triggers than the drx-onDurationTimer. The UE behaviour when the occasion of PDCCH-based power saving signal/channel for wake-up purpose collides with Active Time due to other triggers than the drx-onDurationTimer (e.g. drx-InactivityTimer) should be addressed in the WI phase.


Proposal 4: If UE monitors the WUS occasion when it is in legacy active time, the same as the agreed principle, UE should monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer based on the indication of WUS.
3 Conclusion

In this contribution, we analyse the issue on WUS collision with DRX active time and discuss possible solutions to UE behaviours. Observations and proposals are stated as follows:
Observation 1: The WUS occasion may partly or fully overlap with legacy active time.

Proposal 1: For simplicity, define a unified UE behaviour on WUS collision for the partly-overlapped case and the fully overlapped case.
Proposal 2: RAN2 to determine the UE behaviour when the WUS occasion(s) overlaps with any legacy DRX active time:

· Alt 1: UE skips monitoring for the WUS occasion(s) if UE is already in DRX active time at the beginning of the WUS duration.

· Alt 2: UE monitors for every configured WUS occasion regardless of the current DRX state.

Observation 2: Alt 1 can be simpler in terms of UE and network implementation while Alt 2 is beneficial for UE to have a unified behaviour on monitoring WUS and has less specification impacts.

Proposal 3: If UE skips the WUS occasion(s) when it is in legacy DRX active time, UE should apply normal DRX operation in the next DRX on duration.

Proposal 4: If UE monitors the WUS occasion when it is in legacy active time, the same as the agreed principle, UE should monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer based on the indication of WUS.
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