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1 Introduction
In RAN#84, the WID on UE power saving in NR has been approved [1]. One of the objectives is as below:

	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


For the PDCCH-based power saving signal/channel, RAN2 made a consensus that UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should be addressed in the WI phase [2]. So, in this paper, we will discuss this issue.
2 Discussion
2.1 Group-based signal or UE-specific signal
During the SI, RAN2 has made the agreement 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 [2]. From RAN2 perspective, the UE behaviour without detecting the PDCCH-based power saving signal/channel is skipping the On duration, i.e. go to sleep. In our understanding, this conclusion is just for the UE specific signal. However, in addition to the UE specific signal, the group specific signal is also a potential option for the PDCCH-based power saving signal/channel.
If the PDCCH-based power saving signal/channel is UE specific, the indication will be more accurate and a particular UE should be indicated (e.g. to wake-up or sleep), however with larger signaling overhead. On the other hand, if the PDCCH-based power saving signal/channel is group specific, the signaling overhead will be smaller. For UE-specific PDCCH-based power saving signal/channel, if a large number of UEs need to be indicated in a cell, it will cause larger resource overhead. On the other hand, the PDCCH-based power saving signal/channels will possibly be blocked due to the resource contention with PDCCH-based power saving signal/channel of other UEs or with normal PDCCH(s). The group PDCCH-based power saving signal/channel can resolve the issue in this case, and a group of UEs can be configured to monitor the same PDCCH-based power saving signal/channel.
So to avoid the large signalling overhead and the PDCCH blockage issue, the group specific signal for PDCCH-based power saving signal/channel should also be supported in addition to the UE specific signal.
Proposal 1: Both group-based signal and UE-specific signal are supported for PDCCH-based power saving signal/channel.
For the group-based signal, to be able to indicate the UE in the group to wake up or sleep flexibly, at least one designated bit should be assigned to each UE, with 0/1 to indicate sleep/wakeup in the following On duration respectively. So for the group-based signal, it would be straight forward to assume that gNB shall always transmit the group based DCI on every monitoring occasion of the PDCCH-based power saving signal/channel, and the UE default behaviour of missing the group DCI can be defined as “wake-up”, i.e. if the UE does not detect the group-based PDCCH for power saving in an occasion it is configured to monitor, the UE shall by default monitor the scheduling PDCCHs in the associated On Duration. Then the delay issue due to missing DL scheduling can be avoided.  

Proposal 2: For the group-based signal, the UE shall by default monitor the scheduling PDCCHs in the associated On Duration if miss-detection happens.     
2.2 Miss-detection for the UE-specific signal
According to RAN1 study, the miss-detection rate for the PDCCH-based power saving signal/channel is 0.1%. If the wake-up indication is miss-detected, the UE would skip the whole DRX cycle and the scheduling of data would be lost. In case such miss-detection happens a single time, for the case of one-to-one mapping between the PDCCH-based power saving signal/channel and the On duration, the issue is not so serious. However, if it happens consistently for several times, i.e. the UE is not reachable for a long time, the service QoS would be impact significantly. 
To address this issue, one possible mechanism is the UE always wake up at the occurrence of an On duration if some condition is met when the PDCCH-based power saving signal/channel is enabled. For the condition, there could be the following options:

·  Option 1: The UE will wake up at the occurrence of an On duration once M DRX cycles by default, no matter whether it received the PDCCH-based power saving signal/channel for wake up indication before that On duration;

·  Option 2: The UE will wake up at the occurrence of the On duration of the next DRX cycles if it does not receive the PDCCH-based power saving signal/channel for wake up indication for the last M DRX cycles.

·  Option 3: The UE will wake up at the occurrence of the On duration of the next DRX cycles if it is not in Active Time for the last M DRX cycles. 
Proposal 3: RAN2 to discuss the mechanism to address miss-detection issue for UE-specific signal. 
3 Conclusion

In this paper we discuss the miss-detection issue of the PDCCH-based power saving signal/channel and have the following proposals.



   
Proposal 1: Both group-based signal and UE-specific signal are supported for PDCCH-based power saving signal/channel.
Proposal 2: For the group-based signal, the UE shall by default monitor the scheduling PDCCHs in the associated On Duration if miss-detection happens.     
Proposal 3: RAN2 to discuss the mechanism to address miss-detection issue for UE-specific signal. 
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