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1 Introduction
In last meeting, RAN2 discussed the impact of PDCCH-WUS and reached the following agreements:

Agreements:
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.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.

5. 
From RAN2 point of view the UE does not monitor WUS during active time.

6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
In this paper, we will further discuss some remaining issues of the PDCCH-WUS that have impact on MAC.
2 Discussion
2.1 The monitoring occasion(s) of PDCCH-WUS
RAN2 has agreed that the PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-OnDurationTimer. The timing between the PDCCH-WUS and the DRX on duration is illustrated in the Figure 1. In addition, it has been agreed that from RAN2 point of view the UE does not monitor WUS during active time. Since only the MAC knows whether the UE is in active time or not, it should be the MAC to control when the UE should start the PDCCH monitoring for the PDCCH-WUS. Then at the start of the monitoring window, the MAC layer can inform the PHY layer to monitor the PDCCH-WUS. 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 start of the monitoring window g0 as below: g0 = Ton_duration – timeoffset, where Ton_duration is the first symbol or the first subframe of the On duration as defined in [2]. 

After receiving the indication from MAC layer, the PHY layer can determine the PDCCH monitoring occasion for the PDCCH-WUS based on its search space configuration, and monitor the PDCCH at those occasions.
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Figure 1
Proposal 1: MAC is responsible to determine the time when the UE should start the PDCCH monitoring for the PDCCH-WUS, and at the start of the monitoring window, the MAC layer notify the PHY layer to monitor the PDCCH-WUS.      
2.2 How to control the start of drx-onDurationTimer
On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does 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: At the occurrence of the drx-onDurationTimer, only if a notification for wake up has been received at an offset before the occurrence of drx-onDurationTimer, the MAC start the drx-onDurationTimer. 

2.3 Group-specific signalling or UE-specific signalling
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 signalling for PDCCH-based power saving signal/channel should also be supported in addition to the UE specific signalling.
Proposal 3: Both group-specific signalling and UE-specific signalling are supported for PDCCH-based power saving signal/channel.
For the group-specific signalling, 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-specific signalling, 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 4: For the group-specific signalling for PDCCH-based power saving signal/channel, the UE shall by default monitor the scheduling PDCCHs in the associated On Duration if miss-detection happens.
2.4 Miss-detection for the UE-specific signalling
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 5: RAN2 to discuss the mechanism that the UE have to wake up at the occurrence of an On duration independent from the PDCCH-based power saving signal/channel. 
2.5 PDCCH-WUS impact on BWP/SCell related timers
Currently, the UE’s operation on BWP/SCell related timers (i.e., the bwp-InactivityTimer and the sCellDeactivationTimer) is independent of the PDCCH-WUS relevant operation. As agreed, 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, which means that there will be scheduling for the UE subsequently. The BWP/SCell related timers, however, keep running regardless of whether PDCCH-WUS is received or not. Consequently, as illustrated in Figure 2, a case may occur that after the UE receives PDCCH-WUS indicating “wake up”, the bwp-InactivityTimer and/or sCellDeactivationTimer expire before the network begins to schedule the UE, resulting in that active BWP(s) is switched to initial/default BWP or activated SCell(s) is deactivated automatically. Then, the UE’s data transmission may be affected since the available bandwidth and/or activated SCells are reduced, which is an unwanted situation.
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Figure 2 The current mechanism
Criteria should be investigated to solve this issue. Concerning the current BWP/SCell timers related operation, these timers will be started/restarted if a scheduling PDCCH is received or a MAC PDU is transmitted in a configured uplink grant/downlink assignment [2]. Therefore, in our view, restarting relevant BWP/SCell timers when the UE is indicated to “wake up” by the PDCCH-WUS is a simple and reasonable approach (as presented in Figure 3). The remaining time of the BWP/SCell timers can be extended with the restarting operation such that it can be ensured that the UE keeps the current active BWP(s) and/or active SCell(s) when the network can schedule the UE.


[image: image3.emf]DRX cycle

PDCCH monitoring occasions 

for power saving signal/channel

On duration

Offset

WUS indicating 

“

wake up

”

…

Timer

Restart


Figure 3 The proposed solution
Proposal 6: Criteria should be designed to prevent the expiration issue of BWP/SCell timers. A possible solution is to restart relevant BWP/SCell timers when the UE is indicated to “wake up” by the PDCCH-WUS.
2.6 Enabling of PDCCH-WUS related scheme
To apply power saving techniques with PDCCH-based power saving signal/channel, it is necessary to design triggering or configuration procedures first. Considering that in certain conditions the UE may have more accurate information on its traffic or power state, which is unknown to the network, we think allowing the UE to request power saving signal configurations can be a favourable approach. More specifically, when the UE identifies power saving requirements, it sends a request via e.g. RRC messages to inform the network that it prefers to use power saving signal related schemes. Further, such request may also contain UE’s preference on enabling methods, which indicates e.g., conditions or preferred timing to start using power saving signal schemes. Therefore, through this method, the network can know UE’s power saving demand in a more timely way.

Proposal 7: Allow UE to request power saving signal configurations from the network.

Subsequently, after receiving UE’s request, the network can accordingly provide detailed power saving signal configurations, e.g., the WUS offset, search space related configurations, etc., depending on RAN1’s design. Besides, enabling criteria which is set with a consideration on UE’s preference may also be included in power saving signal configurations. For different situations or requirements, enabling criteria can be different. For instance, the power saving signal configuration can become valid immediately after UE receives the configuration, after certain given time indicated by the network, or when UE receives an activation command from the network. 

After receiving the power saving signal configuration from the network, the UE can apply the configuration according to enabling criteria, e.g., using the power saving signal immediately or waiting until the configuration becomes valid.

Figure 4 illustrates the proposed procedure. As depicted in the figure, there may be four steps.

· Step 1: UE sends request for power saving signal configuration to the network. 

· Step 2: network provides power saving signal configuration e.g. based on UE’s request.

· Step 3: UE applies the power saving signal configuration according to corresponding enabling criteria from the network. 

· Step 4: if the power saving signal configuration is set to become valid after activation, the network should send activation command when necessary.
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Figure 4 Procedure for configuring/enabling power saving signal configurations
Proposal 8: Investigate criteria on how to configure/enable power saving signal related configurations.
3 Conclusion

In this paper we further discussed some remaining issues of the PDCCH-WUS that have impact on MAC. The proposals are listed as below.



   
Proposal 1: MAC is responsible to determine the time when the UE should start the PDCCH monitoring for the PDCCH-WUS, and at the start of the monitoring window, the MAC layer notify the PHY layer to monitor the PDCCH-WUS.      
Proposal 2: At the occurrence of the drx-onDurationTimer, only if a notification for wake up has been received at an offset before the occurrence of drx-onDurationTimer, the MAC start the drx-onDurationTimer. 

Proposal 3: Both group-specific signalling and UE-specific signalling are supported for PDCCH-based power saving signal/channel.
Proposal 4: For the group-specific signalling for PDCCH-based power saving signal/channel, the UE shall by default monitor the scheduling PDCCHs in the associated On Duration if miss-detection happens.

Proposal 5: RAN2 to discuss the mechanism that the UE have to wake up at the occurrence of an On duration independent from the PDCCH-based power saving signal/channel. 
Proposal 6: Criteria should be designed to prevent the expiration issue of BWP/SCell timers. A possible solution is to restart relevant BWP/SCell timers when the UE is indicated to “wake up” by the PDCCH-WUS.

Proposal 7: Allow UE to request power saving signal configurations from the network.

Proposal 8: Investigate criteria on how to configure/enable power saving signal related configurations.
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