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1 Introduction
In RAN2 #107bis meeting, PDCCH-WUS related issues were discussed, mainly focused on three aspects—long/short DRX cycle, P/SP SRS/CSI report and misdetection. Several agreements have been achieved as follows [1].
Agreements

=>
From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.

=>
Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX

=>
Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).  

In this contribution, we further analyse possible impacted aspects due to the introduction of PDCCH-WUS.
2 Discussion
2.1 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. Besides, according to the agreements from RAN1 #98bis meeting highlighted below, the PDCCH-WUS can be configured to include information related to SCell dormancy behaviour where the UE may be explicitly indicated to “wake up” on certain cells [2]. The BWP/SCell related timers, however, keep running regardless of whether PDCCH-WUS is received or not. Consequently, as illustrated in Figure 1, a case may occur that after the UE receives PDCCH-WUS indicating “wake up” (on certain SCells), the relevant 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.
	Agreements:

For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 

· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells,  as agreed in MR CA/DC
· FFS: Triggering -CSI-report
· FFS: whether or not the bitwidths of some or all of the above information fields can be zero
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Figure 1 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 [3]. 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 2). 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.
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Figure 2 The proposed solution
Proposal 1: UE restarts the bwp-InactivityTimer and/or sCellDeactivationTimer on relevant cell(s) when it receives PDCCH-WUS indicating “wake up”.
2.2 Enabling of PDCCH-WUS related scheme
To apply power saving techniques with PDCCH-WUS, 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 the PDCCH-WUS scheme. Further, such request may also contain UE’s preference on enabling methods, which indicates e.g., conditions or preferred timing to start using PDCCH-WUS. Therefore, through this method, the network can know UE’s power saving demand in a more timely way.

Proposal 2: Allow UE to request PDCCH-WUS configuration from the network.

Subsequently, after receiving UE’s request, the network can accordingly provide detailed PDCCH-WUS configuration, 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 the PDCCH-WUS configuration. For different situations or requirements, enabling criteria can be different. For instance, the PDCCH-WUS 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 PDCCH-WUS 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 3 illustrates the proposed procedure. As depicted in the figure, there may be four steps.

· Step 1: UE sends request for PDCCH-WUS configuration to the network. 

· Step 2: network provides PDCCH-WUS configuration e.g. based on UE’s request, which can include enabling criterion.

· Step 3: UE applies the PDCCH-WUS configuration according to the corresponding enabling criterion from the network. 

· Step 4: if the PDCCH-WUS configuration is set to valid after activation, the network should send activation command when necessary.
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Figure 3 Procedure for configuring/enabling PDCCH-WUS configurations
Proposal 3: The PDCCH-WUS can be enabled immediately after configuration, after certain given time indicated by the network, or after UE receives an activation command from the network. 
3 Conclusion

In this paper we further discussed some remaining issues of the PDCCH-WUS. Proposals are listed as below.
 
Proposal 1: UE restarts the bwp-InactivityTimer and/or sCellDeactivationTimer on relevant cell(s) when it receives PDCCH-WUS indicating “wake up”.

Proposal 2: Allow UE to request PDCCH-WUS configuration from the network.

Proposal 3: The PDCCH-WUS can be enabled immediately after configuration, after certain given time indicated by the network, or after UE receives an activation command from the network. 
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