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Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] and NB-IoT [2] enhancements include the following objective:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

WUS UE sub-grouping based on UE-ID has been agreed by RAN2 as a baseline and there is also some support for service based sub-grouping [3]. RAN2 has asked SA2 feasibility of core networking providing paging assistance information to support service based WUS grouping and SA2 has confirmed it is feasible [4]. SA2 also asked in their response LS for further information how service group ID is to be assigned. 
This paper considers the system level impact of service based sub-grouping and proposes how service based grouping can be assigned.
2 Discussion
2.1 System level view
The aim of all WUS sub-grouping schemes is to minimise the instances of triggering UE to receive the paging message when the UE is not paged. A UE-ID based scheme was considered an obvious choice as UE-ID is already used to assign paging occasions (POs) to UEs and this has no additional system level impact.

While UE-ID based scheme is useful to distribute UEs amongst POs, it is not desirable to distribute UEs amongst WUS sub-groups in a similar manner. Distributing UEs amongst WUS sub-groups can benefit from a scheme that takes into consideration such aspect as paging probability (i.e. UEs page very frequently use one WUS sub-group while UEs paged very infrequently use another sub-group) to minimise power consumption in UEs that are likely to be page very infrequently. While such a service based WUS sub-grouping looks feasible on paper, the complications are how to divide UEs between different sub-groups. This sub-grouping requires consideration of service characteristics (e.g. MT traffic profile) about all the UEs registered in an area (e.g. cell or tracking area). Without such overall knowledge, sub-grouping benefit can be lost.
An example of how WUS sub-grouping can be configured and used is depicted in Figure 1.
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Figure 1 WUS sub-group configuration and usage
Step 1a: 
MME determines the number of WUS sub-groups. How MME does this is left to implementation, but it could take into consideration such aspects as paging probabilities of all the registered UEs, number of WUS sub-groups supported by the cell.
Step 1b:
MME may inform eNB list of service based groups to enable eNB to decide if service based grouping should be configured in the cell and how many.
Step 2:
eNB notifies UEs the WUS configuration, including the number of WUS subgroups.

Step 3:
UE establishes RRC connection to perform attach or registration.

Step 4:
UE notifies network that it supports WUS sub-grouping. This could be done within ATTACH or TAU message or via UE capability indication.
Step 5:
Network my perform NAS/AS security procedure.

Step 6:
If network determines that this UE can benefit from WUS sub-grouping, it then selects the appropriate WUS sub-group and notifies UE via NAS message such as ATTACH ACCEPT or TRACKING AREA UPDATE ACCEPT message.

Step 7:
UE may send ATTACH COMPLETE or TRACKING AREA UPDATE COMPLETE message as per legacy NAS procedures.

Step 8:
UE releases RRC connection and returns to idle.

Step 9:
UE monitors the WUS according to the WUS sub-group ID configured by network.
Step 10:
MME commands eNB to page a specific UE. This command also contains the WUS sub-group ID so the eNB can send the wake-up signal on the correct WUS sub-group.

Step 11:
UE detects WUS in its configured WUS sub-group and proceeds to receive the paging message at step 12.

Proposal 1: WUS sub-grouping be assigned by network via NAS signalling. 
To benefit from WUS sub-grouping, UEs with similar frequency of paging be assigned to the same group, as depicted in Figure 1.
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Figure 1 WUS sub-grouping based on frequency of paging
Unlike mapping UE’s to paging occasion (PO), there is no overloading issue with non-uniform distribution of UEs amongst the different WUS sub-groups. 

In general, the number of WUS sub-groups configured by MME should be same as the number of WUS  sub-groups supported by eNB. There is no real issue if the number of WUS sub-groups configured by MME is lower than the number of WUS sub-groups supported by eNB. But if the number of sub-groups supported by MME is higher than the number of subgroups supported by eNB then there needs to be a defined method for doing such mapping in the eNB and in the UE. This mapping could be done at the eNB and notified to the UE via broadcast messaging. An example of such mapping is shown in Table 1.
Table 1 Example WUS sub-group mapping
	MME WUS sub-group ID
	eNB WUS sub-group ID

	0
	0

	1
	1

	2
	1

	3
	2

	4
	3


Other possible approach is that any MME WUS sub-group ID higher than eNB WUS sub-broup ID is mapped to the lowest or the highest eNB WUS sub-group ID. As core network decides on the WUS group-ID, it is best the same entity also decides whether the UE and eNB map the unmapped configured WUS sub-group to the lowest or the highest WUS sub-group supported by eNB (see Table 2). This has the advantage that core network is better placed to decide on the mapping for best system performance (i.e. if lower WUS group ID implies lower probability of paging then all higher number MME WUS sub-group ID best mapped to higher numbered eNB WUS sub-group ID). 
Table 2 Example unmapped WUS sub-group mapping to lowest or highest
	MME WUS sub-group ID
	eNB WUS sub-group ID

(Unmapped to highest)
	eNB WUS sub-group ID
(Unmapped to lowest)

	0
	0
	0

	1
	1
	1

	2
	2
	2

	3
	3
	4

	4
	3
	0


Proposal 2: Define scheme for mapping configured WUS sub-group to the eNB supported WUS sub-group. 

Service based WUS sub-groping can reduce power consumption in the UE. But using other WUS sub-grouping scheme (e.g. UE-ID) in conjunction or at the same time (i.e. some UEs use service based WUS sub-grouping and other UEs use UE-ID based WUS sub-grouping) can diminish benefit of service based WUS sub-grouping. 
Proposal 3: The same WUS-group should not mix service-based WUS grouping with other scheme based WUS grouping.

SA2 has also asked if MME paging strategy changes when paging a UE with service group ID. Sourcing company don’t see usage of WUS service-based grouping should impact the MME paging strategy.

Proposal 4: WUS service-based grouping scheme has no impact on MME paging strategy.

Summary

This document discusses the system level impacts of supporting WUS sub-group makes the following proposals:
Proposal 1: WUS sub-grouping be assigned by network via NAS signalling. 

Proposal 2: Define scheme for mapping configured WUS sub-group to that eNB supports.

Proposal 3: The same WUS-group should not mix service-based WUS grouping with other scheme based WUS grouping.
Proposal 4: WUS service-based grouping scheme has no impact on MME paging strategy.

Proposal 5: Notify SA2 of proposal 1, 2 and 4.
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