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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 were made in RAN1 #98 [2]:
	[bookmark: _Toc21948630]For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

The number of UE groups per WUS resource is 1, 2, 4, or 8
[bookmark: _Toc21948638]
The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WUS.
[bookmark: _Toc21948643]


The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .
[bookmark: _Toc21948644]
The group WUS base sequence is initialized according to
[image: ]
where  is given by the resource configuration

Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
· If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.
· If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.

[bookmark: _Toc22132171]Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
· [bookmark: _Toc22132172]FFS: Consider both cell-specific DRX cycle and UE-specific DRX cycle.
· [bookmark: _Toc22132173][bookmark: _Toc22132174]At least the following parameters are used in the pre-defined method
· [bookmark: _Toc22132175]H_SFN of current PO
· DRX cycle


Below, we further elaborate on our views on the physical layer design of the group WUS. An accompanying paper presents our higher layer views in [3].
[bookmark: _Ref178064866]Discussion
WUS resource alternation
[bookmark: _Hlk24110569]Resource alternation was introduced as a means to reduce the increased false wake ups for group WUS UEs sharing a resource with legacy WUS UEs. A previous agreement states that alternation should be allowed implicitly which is a bit unclear. Furthermore, based on earlier contributions, it is clear that the view of the purpose with alternation differs among different companies. Hence, an implicit alternation condition may be difficult. For that reason, and to allow for network flexibility, a specific alternation indicator may be preferable to an ill-suited implicit alternation rule.
[bookmark: _Toc24121119]Explicit enabling of resource alternation may be preferable to an ill-suited implicit alternation rule.
[bookmark: _Toc21106669][bookmark: _Toc24121121]Explicitly indicate in SI if alternation is enabled or not.
In determining what alternation scheme to specify, it is worth noting that the service-based grouping will benefit from allocating the same or similar services to the same resource. In doing that, less frequently paged service classes may avoid being affected by more frequently paged ones. This leads us to the conclusion that the alternation scheme should be based on WUS resources and not individual UE groups.
[bookmark: _Toc21106649][bookmark: _Toc24121120]Alternating individual UE groups instead of all groups in a WUS resource will affect performance of service-based grouping.
[bookmark: _Toc21106670][bookmark: _Toc24121122]UE groups in a resource share alternation pattern.
[bookmark: _Hlk24110665]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. Furthermore, in RAN1 #98bis, it was agreed that both cell specific and UE specific DRX cycle durations should be considered when defining the alternation scheme. UE specific DRX cycles may be shorter than the cell specific DRX cycle. Taking both cell specific and UE specific DRX cycles into account may be done by using a sufficiently long alternation period such that neither cell nor UE specific DRX cycles risk having a pattern not covering all configured resources. On the other hand, a too long alternation period may result in a noticeably uneven distribution from, e.g., eDRX periods with a same frequency as the alternation pattern. Differentiating the WUS resource configuration index from the WUS resource index for WUS UE group selection this could be solved by something similar to the following:

[bookmark: _Toc24048636]where NIDresource (HSFN, SFN) is the index of the WUS resource used for WUS UE group selection for the given HSFN, NIDresource is the WUS resource index used in for the non-alternating configuration,  is the DRX cycle length in frames, and Nmaxresource is the number of WUS resources configured for Rel-16 group WUS. That is, the WUS resource index used for WUS UE group selection will rotate with the number of DRX wake up in the HSFN period.
[bookmark: _Toc24121123]WUS resource alternation is performed according to:

Common WUS sequence
A remaining matter that needs agreeing is the common sequence. This matter may be divided into two according to:
1. Common WUS for non-shared group WUS resources, and
2. Common WUS for the shared resource, for the case where common WUS is not legacy WUS.
Figure 1 presents cross correlation performance for three different g:s; g = 0, g = 70 and g = 126 for both 50 Hz and 250 Hz frequency errors. g = 70 corresponds to UE group 5, i.e., it would be available if only for groups were configured. As is evident in the figure g = 126 has a slightly worse performance (0.1 dB) compared to g = 0 and g = 70. For the worst cases, as presented in the smaller figures, no clear conclusion can be made.
[image: ][image: ]
[bookmark: _Ref23703150]Figure 1: Cross correlation performance as depending on g for left, 50 Hz frequency error and, right, 250 Hz frequency error for a timing window of 33 µs.
From a complexity perspective g = 0 is preferable since that is the legacy WUS with another scrambling sequence. Hence, the incremental phase need not be applied. Due to the minor performance difference, it is proposed that g = 126 is used as common WUS for the shared resource and for the case where the common WUS is not the legacy WUS.
[bookmark: _Toc24121125]For common WUS, g = 0 is used unless for a resource where legacy WUS is configured, and the common WUS is configured to not be the legacy WUS, in which case g = 126 is the common WUS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Explicit enabling of resource alternation may be preferable to an ill-suited implicit alternation rule.
Observation 2	Alternating individual UE groups instead of all groups in a WUS resource will affect performance of service-based grouping.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Explicitly indicate in SI if alternation is enabled or not.
Proposal 2	UE groups in a resource share alternation pattern.
Proposal 3	WUS resource alternation is performed according to:

Proposal 4	For common WUS, g = 0 is used unless for a resource where legacy WUS is configured, and the common WUS is configured to not be the legacy WUS, in which case g = 126 is the common WUS.
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