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Discussion and Decision
1 Introduction

Specification of UE-group wake-up signal (WUS) for NB-IoT is part of the objectives for additional enhancements for NB-IoT in Rel-16. In RAN1 #97, the following agreements were made related to UE-group WUS for NB-IoT [1]:
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

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.

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

In RAN1 #98, the following further agreements were made [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)

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

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 provide our views on the remaining details of the UE-group WUS for NB-IoT and make some proposals.
2 Discussion
If the number of UE groups is configured to be 1, then the WUS operation of Rel-16 UEs is similar to that of Rel-15 UEs. It would still be desirable to allow separate WUSs for Rel-15 and Rel-16 UEs as this is natural approach for grouping UEs, thereby reducing false wake-up.

Proposal 1: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

It has been agreed that Rel-16 WUS operation is optional. When Rel-16 UE-group WUS operation is not supported in a cell, Rel-15 WUS operation may still be supported. In this case, Rel-16 UEs can fallback to Rel-15 WUS operation.

Proposal 2: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

In RAN1 #98, the dependence of the WUS sequence on the UE group index through the g parameter was agreed. It was further agreed that different WUS resources use different scrambling initialization, c_init. Therefore, the UE needs to know both its group ID (to determine its WUS sequence) and its WUS resource ID (to determine its scrambling). There was also an agreement that the specification supports configurability to enable UE groups to alternate between WUS resources. That is, it should be possible to move an entire group from one WUS resource to another. Therefore, UE groups are not statically mapped to WUS resources. One reason to alternate UE groups between WUS resources (when two resources are configured) is so only UEs belonging to some groups are not disadvantaged by being assigned to the earlier time slot (where they have to wake up early). When a UE group is reassigned to a new resource, the WUS sequence for the group remains the same, but the new resource ID for the group must be known to the UE to determine the scrambling. A simple approach to achieve this is through periodically alternating UE groups between the two resources, which does not require explicit signaling. For some UEs, however, it may be critical to always wake up as late as possible and hence belong to a group that is semi-statically assigned to the later time slot. On the other hand, it may also be acceptable for some other UEs to wake up to monitor the WUS in the earlier time slot for an extended period of time. In such cases, it would be desirable to explicitly signal a change in the assignment of the WUS resource to the UE group by the higher layer in order to determine the scrambling initialization for the new resource. If change in WUS resource is implicitly supported, higher layer signaling can indicate whether it is applicable to each UE group. Explicit higher layer signaling also provides more flexibility in assigning groups to WUS resources. 

Proposal 3: The assignment of UE groups to WUS resources is supported through at least explicit higher layer signaling. FFS implicit support.
The most straightforward way to divide UEs into G groups is uniformly by UE ID as follows:


UE group ID = UE_ID mod G.
This approach for distribution of UEs among groups results in approximately the same number of UEs in each group. Multiplexing of UE groups using a hybrid of TDM and CDM is supported. In this approach, multiple CDM groups are associated with each of the time-multiplexed WUS resources. Thus, UEs belonging to groups assigned an earlier WUS resource wake up earlier to monitor the corresponding UE-group WUS than UEs belonging to groups assigned a later WUS resource. To limit the impact of TDM of UE-group WUSs to UEs in groups that are assigned the earlier WUS resource, the eNB can non-uniformly distribute the UEs among the groups associated with the different time-multiplexed WUS resources – e.g., the groups associated with the earlier WUS resource can be smaller in size than those associated with the later WUS resource. This grouping can be controlled through grouping parameters in system information. Thus, division of UEs among different groups can still be based on UE ID but it can be non-uniform based on parameters signaled by the eNB. Alternatively, non-uniform distribution of groups of a similar size among the WUS resources can be supported. 
Proposal 4: Consider support for controlling relative UE group sizes or the number of groups associated with different WUS resources.

3 Conclusions

In this contribution, the UE-group WUS for NB-IoT is discussed. The following proposals are made.
Proposal 1: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

Proposal 2: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 3: The assignment of UE groups to WUS resources is supported through at least explicit higher layer signaling. FFS implicit support.
Proposal 4: Consider support for controlling relative UE group sizes or the number of groups associated with different WUS resources.
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