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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82 and RAN#83 [1], [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 previous RAN2 meetings, service based grouping for wake-up signal was discussed and the following agreements on service based grouping were made for both NB-IoT and eMTC [3]:

	RAN2#103bis agreements:
· The aim of UE grouping for WUS is reducing the false alarm probability.
RAN2#104 agreements:
· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID

· RAN2 will decide on the UE to WUS group mapping
RAN2#105 agreements:
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further:

· Paging Probability

· Mobility.




In RAN2#105 meeting, the report [4] of email discussion on service based grouping for wake-up signal was discussed. There was still concern on the feasibility of service based grouping. This document further discusses the feasibility of service based grouping for wake-up signal.
2 Discussion
Before discussing the feasibility, we think it would be better to clarify service based grouping first. The terminology “service based grouping” comes from RAN1 agreement. In our understanding, based on the proposals in RAN2, the intention is NOT grouping the UEs based on their real service, e.g. one group for electricity meters, one group for water meters, one group for streetlights, etc. The intention of “service based grouping” is grouping the UE based on certain characteristics of different services. For now, only two characteristics were identified as candidates, paging probability and / or mobility.

Then main concern on service based grouping during online discussion is the feasibility. Taking paging probability based grouping as an example, a general procedure for service based grouping is provided in this document to show the feasibility.
In our understanding, the service characteristics of UEs is transparent to the eNB. Only the UE and the CN have the information. So for paging probability based grouping, we think the UE and the CN need to align with each other on the service paging probability information. Either the UE negotiates with CN (similarly to the use of eDRX) or the CN configures a service type to the UE directly based on subscription information of the UE (similar subscription information as used for UE differentiation).
Observation 1:  In order to support paging probability based grouping, the UE and the CN need to align with each other on the service paging probability information.

Regarding the paging probability information, we think it should be as simple as possible and there is no need for fine granularity. There are two reasons:

· We think the benefit of paging probability based grouping is reducing the false alarm probability of the UEs who will not be paged very frequently. Grouping UEs with low paging probability can avoid the false alarm from the UEs with higher probability. In other words, the benefit is for the UEs with low paging probability. From this point of view, we think the paging probability information in paging probability based grouping is used to identify the UEs with low paging probability.

· Paging probability information with finer granularity will require a large number of WUS groups for each paging occasion. 

Based on the above, we think a MO/MT service type indication can be used to reflect the paging probability of the UE. MO service type means that the main service of the UE is uplink triggered, e.g. meters and sensors. MT service type means that the main service of the UE is downlink triggered, e.g. streetlights. Note that MO UEs can still be paged (e.g. for software update or other), but the paging probability is much lower than MT UEs.
Observation 2:  The paging probability information is used to identify UEs with low paging probability. A simple MO/MT service type indication can be used, where MO service type means that the main service of the UE is uplink triggered, and vice versa.
According to observations 1 and 2, we think the general procedure of paging probability grouping is very similar to eDRX procedure, which can be shown as follow:
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Figure 1. Example of paging probability based grouping for WUS
The procedure is quite similar to the use of eDRX. The following step description is mainly revised from the text in TS23.401 [5] for eDRX:
1. If the UE decides to request for paging probability based grouping, the UE includes an MO/MT indication in the attach request and/or TAU request message.
2. The MME confirms the use of paging probability based grouping based on the UE request or the subscription data from the HSS.
3. When paging the UE, the MO/MT indication needs to be provided in S1 paging message.

4. The eNB determines the WUS group based on configuration and the MO/MT indication.

In this step, the mapping between MO/MT to WUS groups needs to be configured by the eNB. For example, assuming that 2 WUS groups are supported before one paging occasion, the mapping can be:

	WUS groups
	MO/MT

	WUS group 0
	MO

	WUS group 1
	MT


In this example, if the UE is MO UE, it should monitor WUS group 0 before its paging occasion.
Possibility of 2-level mapping was also mentioned by companies in the last meeting. Assuming that 4 WUS groups are supported before one paging occasion, the mapping relation can be:
	WUS groups
	MO/MT
	UE_ID

	WUS group 0
	MO
	UE_ID mode 2 = 0

	WUS group 1
	MO
	UE_ID mode 2 = 1

	WUS group 2
	MT
	UE_ID mode 2 = 0

	WUS group 3
	MT
	UE_ID mode 2 = 1


5. The eNB sends WUS for the UE using the right WUS group.

We think that all the steps are feasible from RAN2 point of view. 
Proposal 1: Paging probability (MO/MT service type indication) based WUS grouping is feasible from RAN2 point of view.
The only thing needed to be confirmed by CN is the feasibility for the MME to know / provide information about whether the main service of the UE is uplink triggered or downlink triggered.
Proposal 2: Send a LS to SA2 to ask the feasibility for the MME to know/provide information about whether the main service of the UE is uplink triggered or downlink triggered.
3 Conclusion

This paper focused on the feasibility of MO/MT service type based WUS grouping. Corresponding observations and proposals are listed as below:
Observation 1:  In order to support paging probability based grouping, the UE and the CN need to align with each other on the service paging probability information.

Observation 2:  The paging probability information is used to identify UEs with low paging probability. A simple MO/MT service type indication can be used, where MO service type means that the main service of the UE is uplink triggered, and vice versa.

Proposal 1: Paging probability (MO/MT service type indication) based WUS grouping is feasible from RAN2 point of view.
Proposal 2: Send a LS to SA2 to ask the feasibility for the MME to know/provide information about whether the main service of the UE is uplink triggered or downlink triggered.
The draft LS for proposal 2 is provided in [5].
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