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1. Introduction

In RAN2#104, the following agreements on WUS were made as in [1]:
	· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 

· Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters) 

· RAN2 will decide on the UE to WUS group mapping


In RAN2#103bis, the following agreements on WUS were made as in [1]:
	· The aim of UE grouping for WUS is reducing the false alarm probability.
· At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.

· Further discuss whether the following are supported:

· Service based grouping 

· DRX/eDRX based grouping 

· Gap based grouping. 

· Coverage based grouping


In this contribution, it mainly focuses on the analysis of UE grouping method for WUS, the solution for service-based grouping based on service period or paging probability is given. The WUS for SI updating is also discussed in this paper.
2. Discussion
2.1 UE grouping for WUS
UE paged in the same paging position could be grouped and associated to a group-based WUS to reduce the false alarm probability. Four grouping methods including service based, DRX/eDRX based, gap based, and coverage based are already proposed to be studied more. By the grouping rule, the UE in the same group will detect the same WUS. In this section, we make an analysis on four methods, the solution for service-based grouping based on service period or paging probability is also given.
•• Service based grouping
For NB-IOT and MTC, refer to [2], it is very possible that the only UE-ID based grouping will make UE with different paging probability in the same group, which leads to wrong paging alarm to the UE with low paging probability, thus the service-based grouping is proposed to make UE with similar paging probability in the same group to reduce wrong paging alarm. For service-based grouping, for example, the UE serviced as lamp in the street is better to be in the same UE group to detect group WUS, however, there are so many service types in the real network, one or more parameters needs to be abstracted to quantize service type for service-based grouping. 
Observation1: Service based grouping has benefit since a typical case in NB-IOT and MTC network is that many UEs will be paged for the regular service.
We think service period can be considered as a candidate parameter, it is simple and effective. For WUS to every specific PO with the same gap configuration, the UE with similar service period, such as the similar network command interval in [3], is better to be divided into the same UE group to detect a common WUS to reduce the wrong paging alarm. As in figure.1, the UE1, UE2 and UE3 are with the same gap configuration, they will monitor the same WUS if their PO are overlapped, the grouping based on service period could reduce the wrong paging obviously.
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Figure.1 Service-based grouping
For the UE with the same service period, it is possible that network can configure different DRX/eDRX parameter to them, which lead to the number of PO is different, thus, for WUS to every specific PO with the same gap configuration, the UE with similar service period and similar paging cycle is better to be divided into the same UE group to detect a common WUS. The description on similar service period and similar paging cycle could be presented as paging probability, that is, the paging probability is associated to the number of service and the number of paging occasion in a period to a UE. Compared with service period, it is obvious that paging probability is more accurate and efficient to group the UE to reduce wrong paging, but it is more complex and SA2 hopes to evaluate its computing ability to paging probability on each interested UE if the parameter is configured by network.
Once UE gets its parameter value for service-based group, it could further compute its group ID based the mapping rule between UE group ID and this parameter, this mapping rule is better to be configured by eNB since the number of UE group supported by WUS is eNB specific. The procedure to service-base grouping needs CN to provide the service-type parameter information, it can be NAS level procedure similarly to eDRX parameter configuration.
Regarding UE-ID based grouping, it can be used with service-based grouping together to reduce wrong paging if the number of UE group supported by one WUS channel is sufficient.
Proposal1: One or more parameters, such as service period or paging probability, can be abstracted to quantize service type for service-based grouping.
• Gap based grouping

Three types of gap (DRX-gap, eDRX short-gap, eDRX-long-gap) could be configured to UE by eNB. For the same paging position, as in figure.1, UE with different gap configuration will receive the WUS in different subframes, this make UE implicitly grouped by time domain division of WUS, no impact on WUS design will be introduced in R15 and R16 at least from RAN2 scope. However, to reduce false alarm probability, especially in some case that a large number of UE in an area use the same modem, it is reasonable to group UE with the same gap related to a specific PO, for example, UE-ID based grouping could be applied here. 
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Figure.2 Gap-based grouping for paging

Observation2: Gap based grouping has been implicitly configured by time domain division of WUS, no extra impact could be seen from RAN2 scope, the further grouping for UE with the same gap could be applied to reduce the false alarm probability.
• DRX/eDRX based grouping

UE will always be paged at subframe 0/4/5/9, if there are massive UEs in the network, it is possible that the UE in DRX and UE in eDRX will be in the same paging position although their paging period is different, furthermore, the wireless resource of WUS of these UE may be same if the gap configuration is same. In this scenario, as in figure.2, if these UE use same group WUS, the UE2 in eDRX will have to monitor the N number of paging if UE1 in DRX is paged, it could generate the extra power consumption for the N paging. Hence, it is meaningful for DRX/eDRX based grouping. But it seems complex to group based on DRX/eDRX regarding the number of WUS will be two folded, and it is not efficient if the number of UE is small in the cell.
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Figure.3 DRX/eDRX-based grouping

Observation3: DRX/eDRX based grouping is power saving for UE in eDRX that possesses the same gap and same paging position as UE in DRX, but it will generate two fold number of WUS and not efficient if UE is not massive in the cell.
•• Coverage based grouping

As we know, the coverage level is variable because of UE mobility, eNB may send WUS with history coverage level to trigger UE, then UE could not receive this WUS and missing the paging occasion. Hence, it is difficult to make coverage based grouping work efficiently. 
Observation4: Coverage based grouping is not feasible since eNB does not know the IDLE UE coverage level changed by UE mobility.
Proposal2: From the view of RAN2 scope, gap based grouping, DRX/eDRX based grouping could be further considered to reduce the false alarm probability.
2.2 WUS for SI updating
In R15, when WUS is enable for UE and WUS configuration information is received by UE from network, UE will monitor paging in PO only if it detects out WUS, the WUS could be used for UE paging or paging for SI updating. In R16, considering the SI updating, one common WUS or the whole of group WUS could be applied to make UE monitor paging. However, it is not efficient to transmit the all group WUS in BCCH modification period. A common WUS could be used for R16 SI updating, it should be designed with consideration of UE power saving.

Proposal3: For SI update, a common WUS could be used with consideration of UE power saving.
3. Conclusion
In this contribution, the issues on wake up signal are discussed, and we have the following observation and proposals：
Observation1: Service based grouping has benefit since a typical case in NB-IOT and MTC network is that many UEs will be paged for the regular service.
Proposal1: One or more parameters, such as service period or paging probability, can be abstracted to quantize service type for service-based grouping.
Observation2: Gap based grouping has been implicitly configured by time domain division of WUS, no extra impact could be seen from RAN2 scope, the further grouping for UE with the same gap could be applied to reduce the false alarm probability.
Observation3: DRX/eDRX based grouping is power saving for UE in eDRX that possesses the same gap and same paging position as UE in DRX, but it will generate two fold number of WUS and not efficient if UE is not massive in the cell.

Observation4: Coverage based grouping is not feasible since eNB does not know the IDLE UE coverage level changed by UE mobility.
Proposal2: From the view of RAN2 scope, gap based grouping, DRX/eDRX based grouping could be further considered to reduce the false alarm probability.
Proposal3: For SI update, a common WUS could be used with consideration of UE power saving.
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