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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 have so far been made in RAN1 #98 for group WUS in NB-IoT [2]:
	Agreement
The maximum number of UE groups per WUS resource is 8. 
Agreement
The following WA is confirmed:
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)
Possible Agreement
Parameters G and g for the phase shift for WUS sequence:
· G = 132
· g 
· Alt1: 2+13*UE_group
· Alt2: 14*(UE_group+1)
Agreement
The specification supports configurability to enable UE group to alternate between WUS resources
Agreement
Different WUS resources use different scrambling initialization, c_init
Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs
Possible Agreement
Confirm the following working assumptions:
· The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
· The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.


Correspondingly, the following agreements have so far been made in RAN1 #98 for group WUS in LTE-MTC [2]:
	Agreement
Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource
· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain
· Up to 2 orthogonal resources may be configured in frequency domain
Note: The two orthogonal resources do not necessarily include the legacy WUS resource
Agreement
The maximum number of UE groups per WUS resource is 8.
Agreement
Different WUS sequences are used in same/different WUS resources.
Working Assumption
To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
Agreement
The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· UE assumes may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.
Agreement
The specification supports configurability to enable UE group to be changed among WUS resources.
· FFS: Details including implicit/explict signalling



Discussion
Sequence design
What are the parameters G and g for the phase shift?
[bookmark: _Ref17366051][bookmark: _Toc17884984][bookmark: _GoBack]G = 132 and g = [13 or 14]*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

What sequence is common WUS?
[bookmark: _Toc17884985]The sequence resulting from g = 0 is the common WUS unless the resource is shared with legacy WUS and configured not to share sequence with legacy WUS, in which case common WUS is the sequence resulting from [g = 130 or g = 126]:
Power and duration
[bookmark: _Toc17884986]The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
a. [bookmark: _Toc17884987]UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
b. [bookmark: _Toc17884988]Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	G = 132 and g = 13*UE_group
Proposal 2	The sequence corresponding to UE_group 0 (g=0) is the common WUS unless the resource is shared with legacy WUS and configured not to share sequence with legacy WUS, in which case common WUS is the sequence corresponding to UE_group 10 (g = 130):
Proposal 3	The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
a.	UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
b.	Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
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