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1 Introduction
In the previous SI objective in the approved study items (SI) on Rel-16 enhancements for UE power saving in NR, the description is as follows [1]:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
And the most recently the following was agreed about WUS (wake up signaling) in RAN2#107 [2]:
Agreement 

1.  The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 

2.
The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

3.
The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
In this contribution, we discussed the procedures of how the PDCCH-WUS is used to indicate to the UE to wake up to monitor the onDuration in C-DRX.
2 Discussion
Regarding to the procedures of how the PDCCH-WUS works with DRX, the UE shall first indicate by dedicated signalling with gNB the capability for wake-up signal which may include the information of the supported minimum time offset before on duration C-DRX at which the WUS is transmitted. If gNB supports PDCCH-WUS, the gNB can make a right decision on whether to configure WUS and enable WUS for the UE. Of course, gNB can disable WUS for the UE if needed. A possible WUS process goes as the follows:
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Figure 1 illustration of a possible WUS process
1) The UE indicates its WUS capability to gNB which may include the information of the supported minimum time offset before on duration C-DRX at which the WUS is transmitted.
2) After acquisition of the UE capability, if gNB supports WUS and makes the right decision to enable WUS for the UE, the gNB can indicate the UE-specific WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration considering UE’s WUS capability. The UE-specific configuration could contain a non-zero gap before the onDuration while other possible parameter list is up to RAN1 to decide;

3) After receiving the configuration, UE enables WUS;
4) When DL data for the UE arrives at gNB, gNB will use WUS prior to the onDuration for the scheduling;
5) UE applies UE-specific WUS-configuration for monitoring, i.e. if it detects the WUS, the UE will monitoring PDCCH for the following Onduration. 

6) gNB decides to disable WUS. An example is huge amount of data arrival.
7) gNB can disable WUS or even decides to disable DRX by RRC signalling. 
8) When WUS is disabled, the UE monitors PDCCH according to legacy DRX. 

A typical way for gNB to configure PDCCH-WUS and enable PDCCH-WUS for the UE is to use rrcConnectionReconfiguration like message, which is sent after UE capability information is received by gNB. The disabling of PDCCH-WUS can also be configured by dedicated signalling in rrcConnectionReconfiguration like message. Some people may think of a more dynamic adaptation of WUS configuration to the traffic where the enabling or disabling of WUS can be easily adapted by lower layer signalling, i.e. MAC CE or L1 signalling which is pretty much like the dynamic DRX configuration.
However, we think it is not needed. The first reason is that it seems not essential to change the WUS configuration so fast on the condition that the dominant traffic type will not change so fast. Also, dynamic DRX configuration is not agreed yet. Meanwhile, the use of MAC CE or L1 signalling has the issues of WUS de-synchronization caused by detection errors. An example is the misdetection of a WUS reconfiguration (enabling WUS-> disable WUS) will result in lost data and increased latency since UE will start DRX onDurations according to WUS while in such case the network will not send WUS at all.
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Figure 2 illustration of WUS de-synchronization caused by detection errors
Thus PDCCH-WUS configuration of UE is managed by higher layers signalling in a semi-static manner would be enough. Of cause, when the DRX is disabled to the UE, the PDCCH-WUS is disabled automatically.
Similarly, for handover in NR, the target cell can provide the PDCCH-WUS configuration together with the DRX configuration in the handover command.
Note that there would be no impact on legacy UEs since the power saving signal would not be transmitted by gNB for legacy UE.
Proposal 1 The UE should report its PDCCH-WUS capability to the gNB.
Proposal 2 gNB can indicate the UE-specific PDCCH-WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration;
Proposal 3 The PDCCH-WUS can be enabled/disabled semi-statically by the network by higher layer signalling.
Proposal 4 When the DRX is disabled to the UE, the PDCCH-WUS is disabled automatically;
Proposal 5 For handover in NR, the target cell can provide the PDCCH-WUS configuration together with the DRX configuration in the handover command to UE;
Another issue is how the PDCCH-WUS related to the UE, here are 2 possibilities: UE-specific, group-specific which were captured in the TR. From RAN2’s perspective, the feasibility is not the problem. However, it should be noticed that for eMBB applications the traffic is more diverse and it is unclear whether it is possible to group UEs such that all UEs within the group are activated by that group-specific DCI while for MTC/IoT applications, it seems easier to group the UEs. Since the current DRX configuration is UE-specific, UE-specific WUS configuration should be the baseline.
Proposal 6 From RAN2 perspective, UE-specific PDCCH-WUS should be the baseline while the PDCCH-WUS applying to a group of UEs need further study.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 7 The UE should report its PDCCH-WUS capability to the gNB.
Proposal 8 gNB can indicate the UE-specific PDCCH-WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration;
Proposal 9 The PDCCH-WUS can be enabled/disabled semi-statically by the network by higher layer signalling.
Proposal 10 When the DRX is disabled to the UE, the PDCCH-WUS is disabled automatically;
Proposal 11 For handover in NR, the target cell can provide the PDCCH-WUS configuration together with the DRX configuration in the handover command to UE;
Proposal 12 From RAN2 perspective, UE-specific PDCCH-WUS should be the baseline while the PDCCH-WUS applying to a group of UEs need further study.
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