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Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 enhancements for NB-IoT” was approved [1]. The WID states that one objective is to specify the following improvement for machine-type communications for NB-IoT FDD:
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
This Topic was already discussed in RAN1#94 and RAN1#94bis with considerable agreements for MTC and NB-IoT WUS [2]. [3] [4].
At RAN2 #94bis the following agreements have been made:
	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 focus on the topic of UE-group WUS for NB-IoT and MTC.
Discussion
Rel-15 introduced a wake-up signal to trigger UEs that will be paged in the next PO. A Rel-15 WUS wakes up every UE for that PO, even UEs that will not be paged in this PO.
By further dividing the the UEs into Rel-16 groups, the probability of false wake-ups can be decreased and false alarm rate of the paged UEs can be further decreased. The Rel-16 WUS shall enable a sub-grouping within a PO to reduce the false alarm rate and reduce the unnecessary wake-up of UEs that will not be paged. 
[bookmark: _Ref528786593]Number of groups in Rel-16 WUS
[bookmark: _GoBack]Until now there is no agreement on the supported number of groups for Rel-16 WUS. In RAN1 companies proposed numbers between 1 and 4 (8?), some including a common group, other not. Regarding the false-alarm rate, a higher number of groups is considered beneficial. To reduce the complexity of the WUS sequence, a 2-step approach consisting of two Rel-16 WUS with CDM WUS sequence for each step allows sub-grouping and fine granular wake-up functionality is proposed with each step enabling a total of 4 groups/sub-groups.
[bookmark: _Toc528769131][bookmark: _Toc528786721][bookmark: _Toc528787409][bookmark: _Toc528787475]The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
Criteria for grouping
During RAN2 #103bis the agreement was made that at least UE_ID based grouping is supported. A second option for engrouping is considered, but not agreed yet. An additional criteria for grouping could be a service ID that reflects i.e. the requirements for updates or energy restriction.
[bookmark: _Toc528666171][bookmark: _Toc528666202][bookmark: _Toc528666258][bookmark: _Toc528676618][bookmark: _Toc528676766][bookmark: _Toc528769132][bookmark: _Toc528786722][bookmark: _Toc528787410][bookmark: _Toc528787476]The UE-grouping is based on the UE ID. A service ID might be used for a second level of differentiation.
[bookmark: _Toc528786723][bookmark: _Toc528787411][bookmark: _Toc528787477]Coverage is not considered as a grouping feature.
Coexistance of Rel-16 WUS with Rel-15 legacy WUS
The agreements from RAN1#94bis state that Rel-16 capable UEs shall also be capable of Rel-15 WUS. Whether Rel-15 WUS is a fallback for Rel-16 WUS in case Rel-16 WUS is not enabled in the cell or whether Rel-16 UEs shall also receive Rel-15 WUS even if Rel-16 WUS is active is not defined yet.
This opens the possibility to use Rel-15 WUS as a wake-up beacon for Rel-16 grouping WUS feature. The impact of Rel-15 WUS as a beacon for Rel-16 UEs should be considered carefully.
Having Rel-15 WUS as a super-group in addition to Rel-16 devices would ease the backward compatibility but may impact other Rel-15 devices due to a higher number of wake-ups.
[bookmark: _Toc528769133][bookmark: _Toc528786724][bookmark: _Toc528787412][bookmark: _Toc528787478]The Rel-15 behavior of Rel-16 UEs should be further studied.
Sub-grouping for Rel-16 WUS
As mentioned in 2.1.1, a higher number of subgroups reduces the probability of unnecessary wake-ups. The number of groups is still FFS in RAN1. Considering the complexity of the WUS and the advantages of a reasonable number of groups, a 2-step approach with sub-groups is a well-suited solution.
The Rel-16 WUS can therefore introduce a 2-step addressing scheme for sub-grouping that consists of
· A: Rel-15(or 15/16) WUS + Rel-16 CDM WUS for sub-groups or
· B: Rel-16 CDM WUS + 2nd Rel-16 CDM WUS for sub-sub-groups
Each WUS needs to support only a small number of (sub-)groups and therefore reduces the necessary complexity of the WUS receiver.
[bookmark: _Toc528769134][bookmark: _Toc528786725][bookmark: _Toc528787413][bookmark: _Toc528787479]Rel-16 WUS uses a 2-step addressing for sub-groups.
The Rel-15 WUS can either be ignored (Option B) or can be used as an initial beacon (Option A). In both cases, subgrouping for Rel-16 UEs is possible. Option B does not use the Rel-15 WUS but uses a dedicated Rel-16 CDM WUS sequence as a first beacon and a second one for sub-grouping. This option allows for a fine granular addressing of UE-groups and can even be used to differentiate between “groupcast” and “unicast” if found beneficial.
[image: C:\Users\pjn\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Subgroup Addr with Beacon.png]
Figure 1 – Rel-15 WUS with REL-16 WUS subgrouping – Option A
Figure 1 shows the concept of subgrouping for Option A. The use of Rel-15 WUS as a “super-group” allows for backward compatibility. The Rel-15 devices and Rel-16 devices may be considered already as “subgroup x”. The effect on legacy devices should be considered and is FFS. Figure 2 illustrates the Rel-16 UE behavior of Rel-15 WUS which is NOT used as a super-group-beacon. For activation of Rel-16 UEs, no Rel-15 WUS is needed and Rel-15 UEs do not wake up.
[image: C:\Users\pjn\AppData\Local\Microsoft\Windows\INetCache\Content.Word\R15 WUS wo R15 WUS.png]
Figure 2 – Rel-16 WUS subgrouping w/o Rel-15 WUS – Option B
In addition to a Rel-15 beacon, a 2-step Rel-16 WUS with CDM WUS sequence for each step allows sub-subgrouping and fine granular wake-up functionality. The grouping of 1st and 2nd step CDM WUS is done via UE_ID, but may also include another differentiation criteria.
[bookmark: _Toc528769135][bookmark: _Toc528786726][bookmark: _Toc528787414][bookmark: _Toc528787480]The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
Conclusions
In this contribution the following observations and proposals have been made:
Proposal 1:	The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
Proposal 2:	The UE-grouping is based on the UE ID. A service ID might be used for a second level of differentiation.
Proposal 3:	Coverage is not considered as a grouping feature.
Proposal 4:	The Rel-15 behavior of Rel-16 UEs should be further studied.
Proposal 5:	Rel-16 WUS uses a 2-step addressing for sub-groups.
Proposal 6:	The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
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