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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


In this paper, we will further discuss the impact of PDCCH-based power saving signal/channel to the C-DRX based on the conclusion from SI and the RAN1 progress.
2 Discussion
2.1 Monitoring occasion(s)
During the SI, RAN2 has agreed that “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 RAN1#97 meeting, the monitoring occasion of the WUS were discussed and the following agreements were reached.

	Agreement from RAN1#97

The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON

· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space

· FFS: The value and the range of offset


So, currently there seems two options for the UE to determine the monitoring occasion(s) of the PDCCH-based power saving signal/channel.

· Option 1: The monitoring occasion(s) of the PDCCH-based power saving signal/channel is determined by the time of the on duration and an offset;

· Option 2: The monitoring occasion(s) of the PDCCH-based power saving signal/channel is determined by the CORESET/search space dedicated to the WUS. 

For Option 1, since the time of the on duration is calculated by MAC layer according to [38.321] and PHY layer doesn't need to care about this calculation, it should be the MAC to determine the monitoring occasion(s) of the PDCCH-based power saving signal/channel. Then at each monitoring occasion, the MAC layer can inform the PHY layer to monitor the PDCCH-based power saving signal/channel. To achieve this, one way is to refer to what have been done in LTE for paging reception with WUS [36.304], i.e. to have a formula to determine the monitoring occasion g0 as below: g0 = Ton_duration – timeoffset, where T is the first symbol or the first subframe of the On duration as defined in [2]. 
For Option 2, the PHY layer itself can determine the monitoring occasion for the PDCCH-based power saving signal/channel. In this case, the notification from MAC to PHY is not needed and the specification impact of MAC can be avoided. To avoid the unnecessary PDCCH monitoring for power saving signal/channel, the NW should guarantee the PDCCH monitoring occasion is just timeoffset before the On duration of DRX cycle as shown in Figure 1. However, the current available periodicity in the search space configuration does not have a one-to-one mapping with the DRX cycle. For example, for DRX cycle = 256ms, there is no periodicity for PDCCH monitoring matching with it. This means that for PDCCH-based power saving signal/channel, the configuration of the current search space needs to be extended or new search space with more configurable PDCCH monitoring periodicity needs be added.
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Figure 1
However, taking option 1 or option 2 as the way forward should be decided by RAN1. If RAN1 decides to go for option 1, then RAN2 needs to consider how to capture the monitoring of the PDCCH-based power saving signal/channel in the MAC specification.

Proposal 1: It is the MAC’s responsibility to do this and at each monitoring occasion, the MAC layer inform the PHY layer to monitor the PDCCH-based power saving signal/channel.      
2.2 Start of drx-onDurationTimer
According to the conclusion of SI, the PDCCH-based power saving signal/channel is sent before the onDuration, and is use to indicate whether the UE should start the drx-onDurationTimer or not. Then one issue is how the MAC control the start of the drx-onDurationTimer.  

From RAN2 point of view, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration. In our view, this is more suitable to the UE specific PDCCH-based power saving signal/channel. However, RAN1 is still discussion another possibility that the PDCCH-based power saving signal/channel is group specific, and in the group specific DC, each UE is corresponding to a group bits where 1 bit with 0/1 is used to indicate the UE to sleep/wakeup respectively. From our perspective, both the group-common DCI and UE-specific DCI should be supported for the PDCCH-based power saving signal/channel.
Then to be transparent to the DCI received in the PHY layer, a simple modelling for the MAC to control the start of drx-onDurationTimer could be based on whether a notification for wake up that has an offset before the onduraiton from the PHY layer has been received. If the DCI indicating the UE to wakeup has been received by the PHY layer, then the PHY layer shall deliver a notification to the MAC. If MAC received such notification, then at the next occurrence(s) of the drx-onDurationTimer that is calculated according to [2], the MAC starts the drx-onDurationTimer. Otherwise, the MAC does not start the drx-onDurationTimer.
Proposal 2: The MAC only starts the drx-onDurationTimer in case a notification for wake up has been received before the corresponding onduration. 

2.3 Mapping between signal and Onduration  
In RAN1#97 meeting, the following agreements has been reached [3].

	Agreements:

Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements


So one question RAN2 need to address is whether the mapping between the PDCCH-based power saving signal/channel and On duration is one-to-one or one-to-many. Before discussing this issue, we first give our understanding on the one-to-one mapping and one-to-many mapping.

· Case 1: One-to-one mapping: The PDCCH-based power saving signal/channel is only associated with the following one On duration, irrespective the PDCCH indicate the UE to wake up or not (as shown in Figure 2). This means the UE needs to monitor the PDCCH-based power saving signal/channel before the On duration of each DRX cycle.
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Figure 2
· Case 2: One-to-many mapping: there could be the following two cases:

· Case 2-1: The PDCCH-based power saving signal/channel is associated with the following M On duration, irrespective the PDCCH indicate the UE to wake up or not (as shown in Figure 3). This means that the UE will monitor the PDCCH-based power saving signal/channel before the On duration of every M DRX cycles. If the UE receives the wake up indication before an On duration, then the UE needs wake up in the next M On duration, and will skip the monitoring of the PDCCH-based power saving signal/channel during these M DRX cycles. On the other hand, if the UE does not receives the wake up indication before an On duration, the UE will not wake up in the next M On duration, and also will skip the monitoring the PDCCH-based power saving signal/channel during these M DRX cycles.
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Figure 3
· Case 2-2: If the UE receives the wake up indication, this wake up indication can associate with M On duration, which means the UE needs to wake up in the next M On duration and will skip the monitoring of the PDCCH-based power saving signal/channel during these M DRX cycles. On the other hand, if the UE does not receives the wake up indication before an On duration, the UE will not wake up in the following On duration. However, the UE still needs to monitor the PDCCH-based power saving signal/channel for the next DRX cycle.
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Figure 4
For the Case 2-1, the merit is to decrease the number of UE monitoring for the PDCCH-based power saving signal/channel and thus obtain some additional power saving gain. However, in such case, if the NW has sent the wake up indication to the UE but the UE missed it, then the UE shall skip the next M DRX On durations, which may result in higher latency for the traffic. In addition, it is not an easy task for the gNB to predict whether there is no data to send for the UE in the following several DRX cycles. So it may happen that the gNB does not wake up the UE before one On duration, and the UE’s data arrives to the gNB after that while the UE is keep sleeping for M DRX cycles. In this case, it will also result in higher latency for the traffic. Taking the above into account, we don’t think the gain would not justify the pain for this case.
For the Case 2-2, it can overcome the latency issues of Case 2-1, however, the additional gain on both of the UE power saving and the signalling overhead of this Case compared with Case 1 is not obvious, considering that the main use case of the PDCCH-based power saving signal/channel is for the sparse traffic cases, and the DCI for power saving needs to carrier some additional bits to indicate the number of On duration this wake up indication shall apply. In addition, this case will increase both of the UE complexity and the work on specification.      
According to the discussion above, we propose to support the one-to-one mapping as described in Case 1.    

Proposal 3: Define the one-to-one mapping between the PDCCH-based power saving signal/channel and the Onduration.
3 Conclusion

In this paper we discuss the impact of PDCCH-based power saving signal/channel to the C-DRX. The proposals are listed as below.



   
Proposal 1: It is the MAC’s responsibility to do this and at each monitoring occasion, the MAC layer inform the PHY layer to monitor the PDCCH-based power saving signal/channel. 
Proposal 2: The MAC only starts the drx-onDurationTimer in case a notification for wake up has been received before the corresponding onduration. 

Proposal 3: Define the one-to-one mapping between the PDCCH-based power saving signal/channel and the Onduration.
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