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Introduction
One of the objectives with the Rel-16 WID for additional enhancements for NB-IoT is to specify [1]:
	Improved DL transmission efficiency and/or UE power consumption:
· …
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


Earlier RAN1 agreements related to the above objective are found in [2] and RAN2 agreements in [3]. Below is a summary of the contributions in the agenda item UE-group wake-up signal in NB-IoT. The summary is based on the contributions in [4]-[14].
Furthermore, in the LTE-MTC session, the following agreements and possible agreements were made [15]:
	Agreement
Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources

Possible Agreement
The legacy WUS resource is counted as the one of the configured WUS resource(s). 
· The maximum total number of configured WUS resources is the same no matter whether legacy WUS resource is shared by Rel-15 WUS and Rel-16 WUS or not.

Possible Agreement
Different WUS sequences are used for UE groups regardless of whether the UE groups are in the same or different WUS resources sharing the same time location.

Working Assumption
· UE assumes the transmit power for Rel-16 WUS sequence is same as that of legacy WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of legacy WUS sequence

Agreement
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

Possible Agreement
If more than one UE group is configured in the same WUS resource, a common WUS is always configured for all UE groups.



[bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]Sequence design and related topics
How should group WUS sequences be designed?
Legacy WUS +
		Gold cover code			Qualcomm
Phase shift				Ericsson, ZTE
Shifted scrambling code		Huawei, LGE
Time-frequency short OCC	Intel
Phase shift shows best behavior for the number of groups acceptable to most companies below and for relevant timing drifts.
[bookmark: _Toc8741525]Legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/132) where g = 0 for IDgroup = 0 and g = 2+13 × (IDgroup-1) for 1 ≤ IDgroup ≤ 10.
What should be the maximum number of UE groups per WUS resource?
	3			Intel
	4			MediaTek
	≥6			Sony
	≥8			Huawei
≤16			Qualcomm
	From seq. design	Ericsson
The below proposal is likely depending on the outcome of Proposal 1. Hence the [] around the number.
[bookmark: _Toc8741526]The maximum number of UE groups is [10+1] per WUS resource. FFS if the maximum number is decreased if more than one resource is configured.

How should the number of UE groups be configured?
	1,2,4,8,16		Qualcomm
	Send LS to RAN2	Ericsson
This topic is only considered in two contributions; hence, the below proposal has some uncertainty to it. The rationale for the LS is that the configured number of groups is tightly coupled to RAN2’s work with grouping basis.
[bookmark: _Toc8741527]Send LS to RAN2 asking RAN2 to determine the configuration of number of UE groups. The RAN1 sequence design will provide [10] sequences in addition to the legacy WUS sequence.

What sequence should be the common WUS in a resource that is shared between legacy WUS and group WUS?
Reuse legacy WUS sequence			Huawei, LGE, DoCoMo
Use non-legacy WUS sequence			Nokia, MediaTek
Configurable legacy or non-legacy WUS	Intel, Qualcomm, ZTE
No consensus but the below compromise was made for LTE-MTC and the same compromise should be possible in NB-IoT.
[bookmark: _Toc8741528]If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS for all the group WUS UEs in the same WUS resource is configured to be legacy WUS or a non-legacy WUS.

Should some functionality be introduced to redistribute group WUS UEs to other groups or to use an alternating group-to-resource mapping?
	No redistribution					Ericsson
	Group weighting					LGE, Qualcomm, Nokia
		Alternating UE-to-resource mapping		Huawei
[bookmark: _Toc8741523]No consensus yet regarding group redistribution.
Configuration

How should WUS Tx power be configured?
	Same as legacy WUS	Ericsson, DoCoMo, Qualcomm
The following was agreed in the LTE-MTC session:
[bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the legacy WUS sequence.
How should WUS duration be configured?
	Same as legacy WUS 	Ericsson, DoCoMo, Qualcomm
The following was agreed in the LTE-MTC session:
[bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the legacy WUS sequence.
How should group WUS resources be configured?
	First configure #groups, then, if needed, location		Ericsson
	3 separate configurations depending on resource use	ZTE
[bookmark: _Toc8741524]No consensus yet regarding resource configuration.

Should multilevel grouping be implemented, alternatively, how many sequences is a UE required to detect?
	2 sequences			Ericsson, Qualcomm
	>2 sequences		Sharp
	3 sequences			ZTE
	If #groups >X		Nokia
	Ask RAN2			Sony
In the LTE-MTC session, the following agreement was made:
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
a. [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
i. [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported
Miscellaneous
	Support coverage restricted UEs				LGE
	Single group configuration					Nokia
	Paging probability based WUS configuration			Qualcomm
	Configure WUS per paging carrier				Qualcomm
	Use paging carrier weight to configure #UE groups		Sharp
	(Carrier) FDM between legacy WUS and group WUS	Sony
	Common WUS to only wake up subset of UEs		ZTE
	Cell specific WUS for SI update					ZTE
Conclusion
In the previous sections we made the following observations: 
Observation 1	No consensus yet regarding group redistribution.
Observation 2	No consensus yet regarding resource configuration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/132) where g = 0 for IDgroup = 0 and g = 2+13 × (IDgroup-1) for 1 ≤ IDgroup ≤ 10.
Proposal 2	The maximum number of UE groups is [10+1] per WUS resource. FFS if the maximum number is decreased if more than one resource is configured.
Proposal 3	Send LS to RAN2 asking RAN2 to determine the configuration of number of UE groups. The RAN1 sequence design will provide [10] sequences in addition to the legacy WUS sequence.
Proposal 4	If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS for all the group WUS UEs in the same WUS resource is configured to be legacy WUS or a non-legacy WUS.
Proposal 5	The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the legacy WUS sequence.
Proposal 6	The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the legacy WUS sequence.
Proposal 7	Each UE monitors up to X WUS sequences.
a.	Value of X will be selected between 2 and 3
i.	X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported
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