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Introduction
[bookmark: _Ref178064866]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]


Related to the above objective, the following agreements were made for group WUS in RAN1 #97 [2]:
	Working Assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G
Agreement
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.
Working Assumption
[bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Working Assumption
[bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Agreement
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
· [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
· [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported


This feature lead summary is based on the contributions in [1]-[11].
Discussion
Configuration
What is the maximum number of configurable groups per WUS resource? 
	>6:				Sony
8:				Qualcomm
≥8:				Huawei
The more the better:	Ericsson

[bookmark: _Toc17459340]The maximum number of UE groups per WUS resource is 8. FFS whether this includes a mobility group or if that is in addition to the 8.

Should group configuration be uniform for all resources or done per resource?
Uniform configuration for all resources:	Ericsson
Separate configuration for all resources:	Nokia

[bookmark: _Toc17459337]No consensus yet regarding UE resource configuration.

Should weighting of the UE distribution be implemented?
Yes:	LGE, Nokia, Qualcomm
No:	Ericsson, ZTE

[bookmark: _Toc17459338]No consensus yet regarding weighting of the UE distribution.

Should separate paging carriers be introduced for Rel-16 (WUS) UEs?
	Yes:	Ericsson, Qualcomm, Sony

[bookmark: _Toc17459341]Send LS to RAN2 asking them to introduce separate paging carriers for Rel-16 WUS UEs.

Should it be possible to configure the UE to alternate between WUS resources?
	Yes:	Huawei, ZTE
[bookmark: _GoBack]	FFS:	Ericsson
Sequence design
How to separate different UE groups within a resource?
Working assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)
Confirm WA: Ericsson, Qualcomm
	Revert WA:
[bookmark: _Toc17459342]Confirm working assumption that at least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)

What are the parameters G and g for the phase shift?
[bookmark: _Hlk17451730]	G = 132, g = 2+13*UE_group, 0 ≤ UE_group ≤ 10:		Ericsson
	G = 132, g = 14(UE_group+1), 0 ≤ UE_group ≤ 7:		Qualcomm
G=132, g = 12*UE_group, 0 ≤ UE_group ≤ 10:		Huawei
G=132, g = 13*UE_group, 0 ≤ UE_group ≤ 10: 		Huawei
	G = 131 or 132, g = 2+13*UE_group, 0 ≤ UE_group ≤ 10:	MediaTek
	TBD until #groups are agreed:					ZTE
[bookmark: _Ref17366051][bookmark: _Toc17459343]G = 132 and g = [2+13*UE_group OR 14*(UE_group+1)]

What sequence is common WUS?
	UE_group = 10 (g=0) if not shared with legacy and configurable to UE_group 9 or 10 if shared:																Ericsson
	g = 126:													Qualcomm
[bookmark: _Toc17459339]The common WUS sequence is given by the outcome of Proposal 4.

[bookmark: _Hlk17287442]Should different sequences be used for each WUS resource?
	Yes: Ericsson, Huawei, LGE, [Nokia], Qualcomm
	No:
[bookmark: _Toc17459344]Different sequences are used for different WUS resources.

How should the different sequences for different resources be defined?
[bookmark: _Hlk17287488]	Use different scrambling initialization: Ericsson, Qualcomm
[bookmark: _Toc17459345]Different WUS resources use different scrambling initialization, c_init.
Multilevel grouping
Number of simultaneous sequences to detect
	2:	Ericsson, NTT DoCoMo, Qualcomm, Sony
	3:	ZTE
	If more than X groups per resource: 	Nokia
[bookmark: _Toc17459346]A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.
Power and duration
Use same power and max duration as for Rel-15
	Confirm WAs:	Ericsson, NTT DoCoMo, Qualcomm, Sony
	Revert WAs:		ZTE
Working Assumption
The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Working Assumption
The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

[bookmark: _Toc17459347]Confirm the following working assumptions:
a. [bookmark: _Toc17459348]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
b. [bookmark: _Toc17459349]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Conclusion
In the previous sections we made the following observations: 
Observation 1	No consensus yet regarding UE resource configuration.
Observation 2	No consensus yet regarding weighting of the UE distribution.
Observation 3	The common WUS sequence is given by the outcome of Proposal 4.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The maximum number of UE groups per WUS resource is 8. FFS whether this includes a mobility group or if that is in addition to the 8.
Proposal 2	Send LS to RAN2 asking them to introduce separate paging carriers for Rel-16 WUS UEs.
Proposal 3	Confirm working assumption that at least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)
Proposal 4	G = 132 and g = [2+13*UE_group OR 14*(UE_group+1)]
Proposal 5	Different sequences are used for different WUS resources.
Proposal 6	Different WUS resources use different scrambling initialization, c_init.
Proposal 7	A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.
Proposal 8	Confirm the following working assumptions:
a.	The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
b.	The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
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