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According to the following agreements from RAN2#105bis and RAN2#106 [1][2], the wake-up signalling (WUS) is linked to C-DRX operation, and is only configured when C-DRX is configured. UE should monitor for WUS occasions at a known offset before on duration C-DRX, which is known as the “power saving signal/channel configured outside Active Time” in RAN1, and the new DCI format as well as the content for the WUS is still under discussion in RAN1.
	Agreements in RAN2#105bis: 
1. RAN2 will study the RAN2 impact of wake up signaling to C-DRX. 
2. Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply.  
3. 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.



	Agreements in RAN2#106: 
1. From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration. Apart from the onDuration, there are no DRX procedure impacts.
2. FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer). This will be discussed in the WI phase.
3. Details of WUS design is left to RAN1.



In this paper, the potential benefits of carrying the SI update notification and the PWS notification in the WUS are discussed. Based on the potential benefits observed, this paper further recommends RAN2 to consider including the SI update and PWS notification in the WUS.
[bookmark: _Ref178064866]Discussion
The SI update notification and PWS notification in WUS
UEs in RRC_CONNECTED shall monitor for SI update notification in any paging occasion at least once per modification period. If the UE is configured with c-DRX, it is up to UE implementation that at which time (during the SI modification period) UE has to wake up and monitor the paging occasion for SI update notification. If the modification period is long enough to cover several DRX cycles (and therefore several On durations), UE might be able to obtain at least one SI update notification by just waking up at the On durations (and additionally monitoring the P-RNTI during the On durations), as it is very likely that the paging occasion will overlap with one of the On durations. However, with the presence of the WUS, it is assumed the UE wake-up duration is significantly reduced, and therefore it is unlikely that the paging occasion will overlap with the WUS monitoring occasion. In this case, the c-DRX UE has to wake up additionally at one paging occasion in order to obtain one SI update notification within the modification period.
Figure 1 illustrates the case where the UE is configured with the DRX cycle equal to 160 ms and the SI modification period equal to 640 ms. In this case, UE has to wake up 4 + 1 times within the modification period (640 ms). If the SI modification notification is included in the WUS, then UE only needs to wake up 4 times within the modification period. As a result, UE reduces 20% of times it needs to wake up. Considering another case where the DRX cycle length is equal to the modification period length (e.g., both are 640 ms), then UE can reduce 50% (2  1) of times it needs to wake up. On the other hand, if the DRX cycle is very short (e.g., 32 ms) or the modification is very long (e.g., 10240 ms), then the power saving gain becomes minor compared to the cost increased (having one additional bit in each WUS). 


Figure 1. In the first scenario (upper part), the DRX cycle is 160 ms and the SI modification period is 640 ms; in the second scenario (lower part), the DRX cycle is 640 ms and the SI modification period is also 640 ms.

Observation 1: In some DRX and SI modification period configurations, including the SI update notification in WUS can reduce UE’s power consumption at the cost of increasing minor signalling overheads.
As it is also specified in TS 38.331 that ETWS or CMAS capable UEs in RRC_CONNECTED shall monitor for indication about PWS notification in any paging occasion at least once every defaultPagingCycle, the same observation can be also applied to the discussion on whether to include the PWS notification in the wake-up signal.
Therefore, in order to have better trade-off between the UE power saving gain and the signal overheads, the network should be able to configure whether the WUS carries the SI update notification or not.
Proposal 1: The SI update notification and/or PWS notification can be obtained by the UE through the wake-up signal.
Proposal 2: Network is able to configure whether the wake-up signal contains the SI update notification and/or the PWS notification or not.
Another enhancement is that network only includes the SI update notification and/or PWS notification in the first WUS within the modification period/defaultPagingCycle. However, since the WUS can be UE-specific or group-specific, it is very likely there are multiple “first” WUSs within the modification period/defaultPagingCycle (as shown in figure 2), in which each “first” WUS intends to be read by a specific UE or a specific group of UEs. We think all these “first” WUSs shall contain the SI notification and/or PWS notification if being configured by the network.



Figure 2. Only the “first” WUS contains the SI notification and/or the PWS notification bit.

Proposal 3: UE expects that the SI update notification will only appear in the first wake-up signal within the SI modification period. Similarly, UE expects that the PWS notification will only appear in the first wake-up signal within the default paging cycle. 
Conclusion
In this paper, we discuss the potential benefits of including the SI update notification and the PWS notification in the WUS, and have the following observations. 
Observation 1: In some DRX and SI modification period configurations, including the SI update notification in WUS can reduce UE’s power consumption at the cost of increasing minor signalling overheads.
Based on the observation, RAN2 is kindly asked to discuss and consider the following proposals.
Proposal 1: The SI update notification and/or PWS notification can be obtained by the UE through the wake-up signal.
Proposal 2: Network is able to configure whether the wake-up signal contains the SI update notification and/or the PWS notification or not.
Proposal 3: UE expects that the SI update notification will only appear in the first wake-up signal within the SI modification period. Similarly, UE expects that the PWS notification will only appear in the first wake-up signal within the default paging cycle. 
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