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Introduction
 In the Rel-16 WID, one of the objectives is to introduce [1]:
	Improved DL transmission efficiency and/or UE power consumption:
•	…
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


 With respect to the above objective, the following agreements and working assumptions were made in RAN1 #98 [2]:
	Agreement
[bookmark: _Toc17459340]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)
Agreement
The specification supports configurability to enable UE group to alternate between WUS resources
Agreement
[bookmark: _Toc17459345]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
Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7
Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
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 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


In this contribution, we further elaborate on our views on the design of the group WUS. Accompanying papers present our higher layer views in [3].
[bookmark: _Ref178064866]Discussion
Resource configuration
Previous agreements states that one or two time multiplexed resources may be allocated to group WUS. Provided legacy WUS is configured, three possible group WUS allocations result:
· Group WUS in a single resource shared by legacy WUS,
· Group WUS in a single resource preceding legacy WUS resource, and
· Group WUS in dual resources shared and preceding legacy WUS.
In order to be backwards compatible with legacy WUS, irrespective if this resource is shared with group WUS or not, the legacy WUS resource must have a fixed allocation, presumably index 0. This leads to the general conclusion that a certain base sequence is allocated to a certain resource.
[bookmark: _Toc21106881]There is a fixed mapping between a WUS base sequence and a WUS resource.
[bookmark: _Hlk21077665]Considering that c_init is used for scrambling between WUS resources, where the two MSBs are used to distinguish between the different resources, and for legacy WUS, these two bits are 00, a sensible mapping is that the legacy WUS resource is assigned Iresource = 0 and, consequently, the resource preceding the legacy WUS resource is assigned Iresource = 1.  The 2 MSBs of c_init can then be directly mapped to respective resources according to c_initMSB = Iresource.
[bookmark: _Toc16869523][bookmark: _Toc21106882]The group WUS resource that may be shared with legacy WUS is Iresource = 0 and the group WUS resource preceeding the shared resource is Iresource = 1.
[bookmark: _Toc21106883][bookmark: _Hlk21077678]The scrambling sequence for respective WUS resource is initialized as c_initMSB = Iresource.
Finally, regarding the UE group allocation, in order to reduce signaling overhead and without any substantial performance degradation, it is proposed that all resources belonging to a specific gap are configured with the same number of groups to limit overhead signaling.
[bookmark: _Toc16869529][bookmark: _Toc21106884]The number of UE groups per resource is configured jointly for all group WUS resources belonging to a specific gap.
Gap specific configurations
There are still outstanding matters regarding the individual configurability for different gap lengths. In RAN1 #96bis, it was agreed that
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
 It is of course possible to make more parameters gap specific, e.g., whether common WUS is configured, what signal to use as common WUS, resource alternation etc. However, this configurability comes at the expense of increased system overhead and decreased system performance. Some parameters may need explicit configuration whereas others may be determined implicitly, e.g., resource alternation can be implicitly enabled from the common WUS configuration if the legacy WUS resource is shared with group WUS. As a baseline for the gap specific configurability, it is our opinion that such configurability should not be introduced unless sufficient gains can be shown from introducing it. Considering up to four resources per gap and up to three gaps may be configured, such configurability will increase complexity up to twelvefold.
[bookmark: _Toc21106885]Parameter configurations are not configured per gap unless clear performance gains are identified for gap specific configuration.
WUS resource alternation
In RAN1 #96bis, it was agreed that legacy WUS and group WUS can be configured to share resources [2]. An associated agreement allows configuration of common WUS to be either the legacy WUS or a Rel-16 group WUS sequence. If legacy WUS is configured, it has also been shown that the distribution of false wake ups will be unevenly distributed [4]. This is a problem not only for the individual UE but also for the operators and end users since it will severely distort any assumptions about longevity in the network. For that reason, we propose that alternation is used to mitigate the uneven distribution of false wake up rates for the case where common WUS is configured to be legacy WUS.
[bookmark: _Toc21106886]Alternation is used if legacy WUS is configured, group WUS resources are shared with the legacy WUS resource and common WUS is configured to be legacy WUS.
In determining the alternation functionality, there are two properties that should be considered in the design:
· Legacy WUS is fixed to the legacy WUS resource. For simplicity, a fixed sequence to resource mapping should also be applied to the remaining WUS resources.
· UE groups with the same service class should be collocated to the same resource to optimize performance by not sharing common WUS over service classes.
The two points leads us to conclude that individual UE group alternation should be avoided. Instead, all UE groups in a resource should use the same alternation pattern.
[bookmark: _Toc21106879]Alternating individual UE groups instead of all groups in a WUS resource will affect performance of service-based grouping.
[bookmark: _Toc21106887][bookmark: _Hlk21086058]UE groups in a resource share alternation pattern.
A detailed alternation scheme should consider different possible DRX cycle durations, particularly avoid a scheme where the DRX cycle is an even multiple of the alternation period such that alternation is effectively prohibited. However, this is not the responsibility of RAN1, why we refer such specification to RAN2 and suffice with reprinting our RAN2 contribution in the matter below:
[D]ifferentiating the WUS resource configuration index from the WUS resource index for WUS UE group selection … could be solved by something similar to the following:

, where  is the index of the WUS resource used for WUS UE group selection,  the WUS resource index used in configuration,  the DRX cycle length, and  the number of WUS resources configured for Rel-16 GWUS. That is, the WUS resource index used for WUS UE group selection will rotate with the number of DRX wake up in the H-SFN period.
[bookmark: _Toc21106880]Specification of group WUS resource alternation is RAN2’s responsibility.
Common WUS
One of the working assumptions from RAN1 #98 relates to how to select the common WUS sequence in case common WUS is not legacy WUS. For this case, the working assumption is that g = 126 is chosen as input parameter for deriving the common WUS but other sequences were believed to have better cross correlation properties. In running a large amount of simulations, carefully studying relations between different indices, the sequences where the set of g:s is found from increments by 14 has been shown to have good properties. Moreover, there is already an agreement on how to index the individual UE groups, why choosing another g would imply stepping outside if the already set with well-defined properties. For that reason, we propose to accept the working assumption.
[bookmark: _Toc21106888]Confirm working assumption:
[bookmark: _Toc21106889]The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Alternating individual UE groups instead of all groups in a WUS resource will affect performance of service-based grouping.
Observation 2	Specification of group WUS resource alternation is RAN2’s responsibility.

Based on the discussion in the previous sections we propose the following:
Proposal 1	There is a fixed mapping between a WUS base sequence and a WUS resource.
Proposal 2	The group WUS resource that may be shared with legacy WUS is Iresource = 0 and the group WUS resource preceeding the shared resource is Iresource = 1.
Proposal 3	The scrambling sequence for respective WUS resource is initialized as c_initMSB = Iresource.
Proposal 4	The number of UE groups per resource is configured jointly for all group WUS resources belonging to a specific gap.
Proposal 5	Parameter configurations are not configured per gap unless clear performance gains are identified for gap specific configuration.
Proposal 6	Alternation is used if legacy WUS is configured, group WUS resources are shared with the legacy WUS resource and common WUS is configured to be legacy WUS.
Proposal 7	UE groups in a resource share alternation pattern.
Proposal 8	Confirm working assumption:
	The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
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