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1. [bookmark: _Toc120549591]Introduction
At RAN1 #96bis meeting, the potential DCI content in PDCCH-based power saving signal was approved as the following [1], 
Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 

One of the essential function of power saving signal is to wake up UE or not in C-DRX operation, i.e., the waking up signal. In this contribution, the impact of waking up signal on the current BWP switching operation is discussed.
2. Impact of waking up signal on BWP switching operation 
The PDCCH-based power saving signal design and potential DCI contents are discussed in our companion contribution [2]. One of the most essential function for power saving signal is to wake up UE from DRX off to DRX Active time, which can reduce the PDCCH-only power consumption. Besides the reducing PDCCH decoding in time domain, the power saving schemes on frequency domain such as BWP switching operation can also influence the total UE power consumption.
In NR R15, the DRX operation and BWP operation are two independent procedures. The DRX configuration determines the PDCCH monitoring occasion, while BWP configuration and switching procedure determine the working bandwidth. Active BWP can be changed by RRC signalling, DCI or bwp-InactivityTimer where the RRC signalling and DCI is explicit signalling and the bwp-InactivityTimer based BWP switching procedure is associated with the UE traffic. For instance, once UE receives a dynamic DL or UL grant or the MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment, the bwp-InactivityTimer will start or restart, and if bwp-InactivityTimer expires, UE will switch to default BWP or initial BWP. This procedure can save UE power because the bwp-InactivityTimer expires means that UE has not been scheduled in a long time and can work in a narrow band default BWP or initial BWP.
When UE is configured with waking up signal based C-DRX operation, in some scenarios timer-based BWP switching will cause unnecessary UE power consumption. For example in Figure 1, UE first detects power saving signal indicating waking up in the next DRX cycle in a larger BWP and then the bwp-InactivityTimer expires before next DRX cycle. If UE follows R15 procedure, UE should switch to default BWP or initial BWP. However, since UE has detected the waking up signal which means that it is very likely that gNB will transmit data to the UE in the next DRX cycle. According to the power model in TR 38.840 [3], if the data packet size is fixed, faster transmitting in a large BWP will save more UE power than slower transmitting in a narrow BWP. Thus, gNB is likely to transmit a PDCCH to the UE for BWP switching to a larger BWP in DRX active time as illustrated in Figure 2. That is, the UE switches to the default BWP and then switches back to the larger BWP again, which will cause unnecessary power consumption. In addition, during the BWP switching time, UE can not receive or transmit anything, which also decreases the spectrum efficiency. Therefore, some optimization could be implement to further reduce UE power consumption in this scenario.
Proposal 1. When UE is configured with waking up signal based C-DRX operation, in some scenarios timer-based BWP switching will cause unnecessary UE power consumption. Some optimization could be implemented to further reduce UE power consumption in this scenario.


Figure 1. Bwp-InactivityTimer expires after power saving signal triggering DRX wake up 


[bookmark: _GoBack]Figure 2. Twice BWP switching procedure
One possible optimization for the scenario in Figure 2 is that UE could not switch to the default BWP or initial BWP when bwp-InactivityTimer expires when UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP. There are several options to achieve this:
1) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE stops or restarts bwp-InactivityTimer to avoid BWP switching.
2) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE will ignore the BWP switching operation when bwp-InactivityTimer expires before DRX ON.
Proposal 2. To avoid unnecessary UE power consumption in the scenario in Figure, following schemes can be considered:
1) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE stops or restarts bwp-InactivityTimer to avoid BWP switching.
2) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE will ignore the BWP switching operation when bwp-InactivityTimer expires before DRX ON.
3. Conclusions
In this contribution, the impact of waking up signal on the current BWP switching operation is discussed, and the following proposals are made.
Proposal 1. When UE is configured with waking up signal based C-DRX operation, in some scenarios timer-based BWP switching will cause unnecessary UE power consumption. Some optimization could be implemented to further reduce UE power consumption in this scenario.
Proposal 2. To avoid unnecessary UE power consumption in the scenario in Figure, following schemes can be considered:
1) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE stops or restarts bwp-InactivityTimer to avoid BWP switching.
2) If UE detects the waking up signal which indicates UE to wake up in the next DRX cycle in the larger BWP, UE will ignore the BWP switching operation when bwp-InactivityTimer expires before DRX ON.
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