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Introduction
In this paper, we discuss a few configuration-related issues for PDCCH-based wakeup signal. 
NOTE: In this paper, WUS is used to denote PDCCH-based wakeup signal, unless noted otherwise.  
Discussion
BWP for WUS
Related to the BWP for WUS, the following agreements and working assumptions were made in RAN1 #98.
	Working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell. 


RAN1 has also agreed that WUS is configured by means of WU-search space set. If the current active BWP contains at least one WU-search space set, the UE may monitor WUS according to the configuration. In our view, it is neither necessary nor efficient to configure WUS in every configured BWP. Depending on the intended uses of each BWPs (e.g., power saving, high data rate, etc.), network may decide on which and how many BWPs should be configured with WU-search space set. 
If a configured BWP other than initial/default BWP is not configured with WUS, it may imply that network does not intend this BWP for power saving. Therefore, it would be natural for UE to take the legacy DRX behavior in this BWP. For example, this kind of situations may happen when UE is handling burst traffic and spend most time in short DRX cycles while traffic is active. If most on durations are expected to have data, then the benefit of configuring WUS for this BWP may be marginal. Once traffic stops and BWP inactivity timer expires, UE can fall back to initial/default BWP, then it can take advantage of WUS again.
Proposal 1. 	Network can choose not to configure WUS for a configured BWP. In that case, UE follows the legacy DRX behavior in that active BWP.
However, if only one BWP is selected to be configured with WU-search space set, then the initial/default BWP should be the most logical choice. Because of the use of BWP inactivity timer, the UE may fall back to the initial/default BWP during a long duration of traffic inactivity. Thus, during WUS occasions outside DRX Active Time, it is very likely that UE’s active BWP is the initial/default BWP. Therefore, configuring WU-search space set in the initial/default BWP would maximize UE’s chance to use WUS and hence maximizes its power savings.
Proposal 2. 	If WUS is configured in at least one of the configured BWPs, then the initial/default BWP should be configured with WUS.
WUS and ambiguity period
An interesting issue was raised in [2], which can be illustrated in Figure 2.

Figure 2. A case in which WUS offset is shorter than the 4 msec ambiguity period before a CSI transmission
In the current MAC specification, there is a 4ms ambiguity period defined in DRX procedure to determine whether UE needs to report a periodic or semi-persistent CSI (P/SP-CSI) or SRS (P/SP-SRS). If a P/SP-CSI or P/SP-SRS is configured close to the start of on duration and WUS offset is shorter than 4 msec, then it is to be discussed whether UE should still transmit CSI or SRS or cancel the transmission if no WUS indication is received:
· If we make no change to the current specification, then UE should still transmit CSI/SRS as configured, if the current rule for the 4 msec ambiguity period is applied. This is because UE is expected to be in DRX active time (i.e. on duration timer is running) at the occasion where CSI/SRS transmission is configured and WUS indication comes after the start of the 4 msec ambiguity period.
· However, this outcome contradicts another rule in DRX procedure, i.e. if UE is not in DRX active time (because there is no WUS received), then it does not transmit any P/SP CSI/SRS. 
To solve this problem, we think we only need to choose which of these two rules to change:
· Option 1. We change the current CSI reporting rule, i.e. UE always transmits P/SP CSI/SRS regardless of what WUS indicates. We think this option has impact on UE’s power consumption, because in case that WUS indicates no data for UE to receive, UE still has to wake up and transmit CSI/SRS. Since there is no data transmission, UE’s power spent on measurement, processing and transmission may be wasted.
· Option 2. We change the current ambiguity period rule when WUS is configured, i.e. we keep the current rule that no P/SP CSI/SRS is transmitted if UE is not in active time. This would mean that in the worst case, UE needs to cancel P/SP CSI/SRS transmission within WUS offset. We do not think that is a major challenge for a reasonable UE implementation, because 1) UE can prepare CSI report ahead of time; 2) canceling a CSI/SRS transmission depends on how fast UE can process WUS (a PDCCH message) and cancel a UL transmission, which should be the same N1/N2 processing time that UE supports. We expect most WUS offsets would be long than N1/N2 processing times. In our understanding, the 4 msec required for canceling CSI/SRS was agreed mostly based on how much time UE needs to process MAC CE, which does not apply in this case.
Base on the analysis above, we propose that
Proposal 3. 	WUS is not included in the conditions for the 4 ms ambiguity period.
WUS offset
As we have discussed before [1], WUS achieves its power saving through a two-stage wakeup:
· At first, UE wakes up from sleep (i.e., C-DRX off periods) and tries WUS decoding. 
· When WUS is not decoded in the 1st wake-up (i.e., for the WUS occasion), the UE can go back to sleep immediately, skipping the 2nd stage wake-up (i.e., for the ON duration); otherwise, UE continues with the 2nd stage wake-up and to the ON duration for DL assignment and data reception.
UE’s power consumption in the above two steps can be very different, even if the signaling scheme for both is based on PDCCH: 
· During WUS occasion, the UE does not expect to receive a same-slot grant for PDSCH or have to be ready to transmit PUCCH in response to PDSCH reception. Therefore, a low power consumption during WUS reception can be achieved by optimizations in implementation [1]. 
· After a WUS is decoded and UE receives indication that there is data to receive, then the UE wakes up additional hardware and perform required processing (e.g., by performing BWP switching, CSI-RS processing, etc.) to get ready for potential DL/UL scheduling.
Therefore, the key to saving power by WUS is to wake up different set of hardware in two steps and performing the second step only after UE is certain there is data to receive. 
To enable UE to wake up its hardware in two steps, it is critical to have a sufficient delay between them (i.e. WUS offset). The minimum length of this offset depends on how long it takes UE to prepare the hardware required in the second step from sleep state to fully operational state. That clearly is related to UE’s hardware implementation and capabilities. We therefore think it is important to make the minimum length of WUS offset a UE capability.
Proposal 4.	Minimum WUS offset is a UE capability.
WUS offset is expected to be fairly short, e.g. its typical value could be in the range of 2~5 msec. which is shorter than all possible long DRX cycles (at least 10 msec). On the other hand, some of the short DRX cycles can be shorter than WUS offset (e.g. the minimum value of short DRX cycle is 2 msec). In those cases, UE behaviors can become unnecessary complex, for no apparent good reasons. 
Such an example is illustrated in Figure 1, where WUS offset is 4 msec, on duration is 1 msec and short DRX cycle is 3 msec. Then between a WUS occasion and its corresponding DRX on duration, there is another DRX occasion. This is clearly undesirable, because with this configuration UE has to be fully wakeup 1 msec after a WUS occasion, which violates the minimum WUS offset of the UE. Therefore, we think it is necessary to require that UE is not expected to be configured with a WUS offset longer than the gap between two DRX on durations.


[bookmark: _GoBack]Figure 1. An undesirable configuration where WUS offset is longer than one DRX cycle
Proposal 5. 	WUS offset is always shorter than the gap between two DRX on durations.
Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1. 	Network can choose not to configure WUS for a configured BWP. In that case, UE follows the legacy DRX behavior in that active BWP.
Proposal 2. 	If WUS is configured in at least one of the configured BWPs, then the initial/default BWP should be configured with WUS.
Proposal 3. 	WUS is not included in the conditions for the 4 ms ambiguity period.
Proposal 4.	Minimum WUS offset is a UE capability.
Proposal 5. 	WUS offset is always shorter than the gap between two DRX on durations.
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