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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


[bookmark: OLE_LINK1]In RAN1 #96~#97 meeting, the following agreements have been achieved:
	RAN1#96 agreements:
· If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource is configured to be legacy WUS or a non-legacy WUS.
RAN1#97 agreements:
·  If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.
· Each UE monitors up to X WUS sequences. 
· Value of X will be selected between 2 and 3
—X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported


In RAN2 #104~#106 meeting, based on the contributions, the following agreements have been achieved:
	RAN2#104 agreements:
· 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
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 
RAN2#105bis agreements:
· Additional grouping based on DRX/eDRX is not supported
· Coverage based grouping is not supported
· Additional grouping based on gap is not supported
· FFS whether number of groups can depend on gap duration.
RAN2#106 agreements:
· WUS grouping based on paging probability is beneficial for improving false wake-up probability for UEs which are not frequently paged, but may increase false wake-up probability for UEs which are frequently paged.
· Send an LS to SA2, cc RAN3, CT1, to ask about the feasibility and impact for the MME to provide information on UE paging probability.
· [bookmark: OLE_LINK4]R2-1908260 LS on assistance indication for WUS grouping is agreed


In this contribution, we will further discuss the remaining issues of service-based (paging probability/mobility) WUS grouping based on SA2 response LS and give our proposals.
Discussion
2.1 WUS Assistance Information
In last RAN2 meeting, RAN2 has sent LS to SA2 to check feasibility of the service-based WUS grouping. In [3], SA2 has replied that it is feasible for the MME to provide assistance information including paging probability information to the eNB. The WUS Assistance Information can be used by the eNB to determine the WUS group. 
We assume assistance information including paging probability would be provided to eNB by paging message. With this information, eNB could know how to grouping a specific UE. SA2 hasn’t provided more details about WUS assistance information of paging probability. From RAN2 perspective, we assume the paging probability may have two formats, percentage of paging probability (10%, 40%, 80% etc.) or level of paging probability (high, middle or low). The level of paging probability may be a little straightforward, e.g, eNB can configure service-based WUS groups for each level and then provide WUS related configuration for each WUS group. For the option of the percentage of paging probability, the eNB needs to configure the threshold of the percentage of paging probability for each service-based WUS group and also provide WUS related configuration for each WUS group. 
Proposal 1: It’s suggested RAN2 to discuss two formats of paging probability (e.g., percentage of paging probability, level of paging probability) and what configurations are needed for them.
Before grouping a specific UE, a global parameter, number of service-based WUS groups needs to be configured by eNB. As eNB has no idea whether the UEs with all possible paging probabilities exist in its coverage, the eNB cannot accurately configure the number of service-based WUS group. For example, with level of paging probability, eNB configures 3 service-based WUS groups. But if there has no any UE with high paging probability, configuration for the related WUS group would be waste. 
Moreover, if two-level WUS grouping, e.g., UE-ID based WUS grouping per each service-based WUS group would be supported, number of UE-ID based WUS group per each service-based WUS group also needs to be configured. As the eNB has no idea about how many UEs belongs to each possible paging probability, it’s difficult for eNB to configure number of UE-ID based WUS groups. 
With the above analysis, we think some additional WUS assistance information may be needed. For example, the existence of UEs with different paging probabilities or proportion of the number of UE corresponding to each paging probability. It may be better for MME to provide such information to eNB. 
Proposal 2: It’s suggested RAN2 to discuss whether additional WUS assistance information, e.g., the existence of UEs with different paging probabilities or proportion of the number of UE corresponding to each paging probability would be needed for helping eNB to accurately configure the number of WUS group.
In [3], SA2 asks more details about the WUS grouping feature, e.g., how the UE would be configured to support WUS grouping (SA2 assumes this could be done via NAS signalling). From RAN2 perspective, we are not clear about saying “UE would be configured to support WUS grouping” and why this could be done via NAS. Per our understanding, whether to support WUS grouping is UE’s capability and need to be reported to eNB. It’s no need for eNB to configure “UE’s capability”. eNB only needs to configure whether and when to start using WUS grouping and this can be implicitly indicated by WUS grouping configuration in broadcast signalling. Furthermore, when the eNB is paging a UE, whether and how to grouping this specific UE would be based on UE’s own capability.
In [3], SA2 also asks whether and how using the WUS may affect MME paging strategies, we think this can be discussed later after RAN2 has settle down (most of) details about R16 WUS grouping. 
[bookmark: OLE_LINK9]Proposal 3: RAN2 needs to discuss the above understanding for SA2 questions when we prepare response LS to SA2.
2.2 Specification impacts analysis
According to the following RAN1 agreements:
· [bookmark: OLE_LINK15]Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
· If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
We understand RAN2 needs to provide both common configuration of number of WUS groups for all gap types and separate configuration of number of WUS groups for separate gap types. If service-based WUS group is supported, the related configuration should be made based on such agreed grouping strategy. 
Two possible combined grouping schemes could be as following:
Option 1: firstly based on UE-ID, and then service type.
For the first layer UE-ID based random grouping, the number of groups should be configured for all gaps or per gap. Then, the number of groups for further service-based grouping should be configured per group that are grouped based on UE-ID. 
Option 2: firstly based on service type, and then UE-ID. 
For the first layer service based grouping, the number of groups should be configured for all gaps or per gap. Then, the number of groups for further UE-ID based random grouping should be configured per group that are grouped based on service type. 
It can be seen that no matter which option might be used for several levels grouping, the related modification should be based on the existing WUS configuration framework.
Observation 1: If service-based WUS group is supported, the related modification should be based on the existing WUS configuration framework.
According to the analysis in previous meetings, the number of false wake-up may be reduced if Rel-16 UEs with similar service type are in the same group. But as common WUS for all the UE groups also exists, the number of false wake-up which was caused by waking up from other groups cannot be reduced significantly. For UE with low paging probability, the impact is more serious. In order to reduce the impacts of common WUS in the scenario supporting service-based WUS grouping, the idea of sub-common WUS that used to wake up some (part of) WUS groups has been mentioned in RAN1. 
In the following section, we give an example scenario that includes two levels of paging probabilities (e.g., high and low) and four WUS Groups. We will do some comparison among the schemes: only UE ID-based grouping, service-based grouping without sub-common WUS and service-based grouping with sub-common WUS to see whether sub-common WUS can be helpful in the scenario supporting service-based WUS grouping. The details of WUS configuration are shown in Table A, Table B and Table C.
Table A: service-based grouping with sub-common WUS
	Transmitted WUS
	sequence

	group WUS 1 ( low paging probability )
	sequence 1

	group WUS 2 ( low paging probability )
	sequence 2

	group WUS 3 ( high paging probability )
	sequence 3

	group WUS 4 (high paging probability )
	sequence 4

	sub-common WUS 1 ( only for groups with high paging probability )
	sequence 5

	sub-common WUS 2 ( only for groups with low paging probability )
	sequence 6

	common WUS 
	sequence 7



Table B: service-based grouping without sub-common WUS  
	Transmitted WUS
	WUS sequence

	group WUS 1 ( low paging probability )
	sequence 1

	group WUS 2 ( low paging probability )
	sequence 2

	group WUS 3 ( high paging probability )
	sequence 3

	group WUS 4 ( high paging probability )
	sequence 4

	common WUS (for all UEs)
	sequence 5



Table C: UE ID-based grouping
	Transmitted WUS
	WUS sequence

	group WUS 1 
	sequence 1

	group WUS 2
	sequence 2

	group WUS 3 
	sequence 3

	group WUS 4
	sequence 4

	common WUS (for all UEs)
	sequence 5


Assume that there are 24 UEs (12 UEs with low paging probability and 12 UEs with high paging probability). They are divided into 4 groups. In Table C, there are 3 UEs with high paging probability and 3 UEs with low paging probability in each group. The value of high level of paging probability is Y times the value of low level of paging probability. 
With different values for Y, the simulation results on false wake-up rate of only UEs with low paging probability is shown in the following figures.
· Y=10
[image: 08141]
· Y=6
[image: 08142]
· Y=2
[image: 08151]
Based on the simulation result, we observe that:
· The false wake-up rate for UE with low paging probability will increase if sub-common WUS is not supported. 
Observation 2:  Without sub-common WUS for a subset of UE groups, the false wake-up rate of service-based WUS grouping does not reduce significantly compared with the false wake-up rate of  UE ID-based grouping.
Proposal 4: It’s suggested RAN2 to discuss the necessity for sub-common WUS for a subset of UE groups, after service-based grouping can be supported.
Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: If service-based WUS group is supported, the related modification should be based on the existing WUS configuration framework.
Observation 2:  Without sub-common WUS for a subset of UE groups, the false wake-up rate of service-based WUS grouping does not reduce significantly compared with the false wake-up rate of  UE ID-based grouping.

Proposal 1: It’s suggested RAN2 to discuss two formats of paging probability (e.g., percentage of paging probability, level of paging probability) and what configurations are needed for them.
Proposal 2: It’s suggested RAN2 to discuss whether additional WUS assistance information, e.g., the existence of UEs with different paging probabilities or proportion of the number of UE corresponding to each paging probability would be needed for helping eNB to accurately configure the number of WUS group.
Proposal 3: RAN2 needs to discuss the above understanding for SA2 questions when we prepare response LS to SA2.
[bookmark: _GoBack]Proposal 4: It’s suggested RAN2 to discuss the necessity for sub-common WUS for a subset of UE groups, after service-based grouping can be supported.
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