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1 Introduction
New Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 [1] and revised at RAN#81 [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for group based wake-up signal:
For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In the last RAN2#103bis meeting, the following agreements for group based wake-up signal were made for both NB-IoT and eMTC [3]:

	· 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, we further discuss general principles for UE grouping and grouping types in wake-up signal.
2 Discussion
2.1 General principle for UE grouping
In the last meeting, UE_ID based grouping has been agreed and whether to support other types of grouping is still open. The motivation to introduce UE grouping for wake-up signal is reducing the false alarm probability to reduce UE power consumption. In theory, any type of grouping which can reduce the number of UEs associated to one wake-up signal can reduce the false alarm probability. Considering that UE_ID based grouping (random grouping) has already been agreed, other grouping types should only be considered/supported when they can bring additional benefit compared to UE_ID based grouping.
Proposal 1: Other grouping types can only be considered when they can bring additional benefit compared to UE_ID based grouping (random grouping).
In Rel-15 wake-up signal design, the UE only needs to monitor up to one wake-up signal (depending on whether 1-to-N mapping is configured) before each PO. Considering that the goal of grouping based wake-up signal is reducing UE power consumption, regardless of what types of UE grouping are agreed, we think a Rel-16 UE should not monitor more than one wake-up signal (in time and frequency domain) before each paging occasion. Otherwise there will be drawback on UE power consumption compared to Rel-15 wake-up signal.

Proposal 2: Rel-16 UE only needs to monitor up to one wake-up signal (in time and frequency domain) before each paging occasion.
2.2 Grouping types
Based on above proposals 1 and 2, we further analyse other grouping types as below.
2.2.1 Service based grouping
The assumption for service based grouping is that most of IoT devices have only one service and each service has special characteristics, e.g. traffic pattern, paging frequency, etc. Based on this assumption, there may be benefit in grouping together UEs which have same or similar service characteristics. For example:

Paging characteristic based grouping: The paging characteristics of different services may be very different. If UEs, which are usually paged and rarely paged, monitors the same wake-up signal, the power consumption of rarely paged UEs will be impacted since these UEs will also wake up very frequently to monitor PDCCH/PDSCH for paging message. From this point of view, paging characteristic based grouping is beneficial for the power consumption of the rarely paged UEs.
Operator defined grouping: Operators could assign different groups to different UEs for the purpose of paging, e.g. based on similar MT traffic characteristic (e.g DL triggered devices, DL latency), customers, services.. 

Proposal 3: Service based grouping is considered.
2.2.2 DRX/eDRX based grouping
Whether the UE has eDRX configuration depends on the downlink latency requirement of its service. Compared to UE_ID based grouping, we do not see any additional benefit to group the UE based on latency requirement. Thus, we think DRX/eDRX based grouping should not be supported in Rel-16.
Proposal 4: DRX/eDRX based grouping is not considered.
2.2.3 Gap based grouping
In Rel-15 wake-up signal design, for a UE, the gap between the end of the maximum wake-up signal duration and associated PO is determined by the gap configuration and its reported gap capability. From the network point of view, there can be up to 3 wake-up signals (DRX gap, short eDRX gap and long eDRX gap) associated to one PO for different UEs. Thus, in our understanding, gap based grouping is already supported in Rel-15. There is no need to further discuss in Rel-16.
Observation 1:  Gap based grouping is already supported in Rel-15.

Proposal 5: There is no need to further discuss gap based grouping in Rel-16.
2.2.4 Coverage based grouping
Coverage based grouping for wake-up signal is very similar to coverage based paging which has been discussed in Rel-13 and Rel-14. The benefit is improvement of network resource. If UEs under relative good coverage are grouped together, the network can send wake-up signal for these UEs with less repetitions. Coverage based paging is not supported due to the following problems:

· The concept of coverage level only exists in RA procedure.
· The coverage may change in IDLE mode. Coverage update in IDLE mode is complex and will cause additional UE power consumption.

For the similar reasons, coverage based grouping for wake-up signal should not be supported also.
Proposal 6: Coverage based grouping is not considered.
3 Conclusion

This paper focused on group based wake-up signal. Corresponding observation and proposals are listed as below:
Observation 1:  Gap based grouping is already supported in Rel-15.

Proposal 1: Other grouping types can only be considered when they can bring additional benefit.
Proposal 2: Rel-16 UE only needs to monitor up to one wake-up signal (in time and frequency domain) before each paging occasion.
Proposal 3: Service based grouping is considered.
Proposal 4: DRX/eDRX based grouping is not considered.
Proposal 5: There is no need to further discuss gap based grouping in Rel-16.
Proposal 6: Coverage based grouping is not considered.
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