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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 #95, the following agreements were made related to UE-group WUS for NB-IoT [1].
Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s)

Agreement
One group WUS is designed as a single sequence
Agreement 

Further study false detection (cross/auto correlation) performance properties for the following designs:

· legacy WUS + cover codes,

· legacy WUS + shifted scrambling codes,

· legacy WUS + phase shift + cover code + scrambling bits

· Including combinations of phase shift, cover code, and/or scrambling bits

Other designs are not precluded.
Agreement 

The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

Agreement
Multiplexing of Rel-16 UE groups is down-selected among

· Single sequence CDM is supported

· Single sequence CDM is supported and TDM can be additionally applied

· FFS: Configurability of CDM and/or TDM

Agreement
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.

· FFS: Whether the above is also applicable for Rel-15 WUS UEs

· FFS: Whether to support waking up a subset of all WUS UE groups

Agreement

For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options

· TDM

· single-seq. CDM

· single-seq. CDM+TDM

FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
Agreement

Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.

· No new gap higher layer signaling will be introduced for TDM

In RAN1 #96, the following agreements were also made [2]:
Agreement

A UE is required to monitor WUS(s) in only one WUS (T/F) resource location

Agreement

Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

In RAN1 #96bis, the following further agreements were made [3]:

Agreement

Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

Agreement

Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

Agreement 

Group WUS sequence design is down selected between the following in RAN1#97

· Legacy WUS with shifted scrambling codes

· Legacy WUS with time-frequency short OCCs 

· Phase shifted legacy WUS using a suitable subset of the phase increments.

· Legacy WUS with Gold codes

Companies are encouraged to provide evaluation results

Agreement

· 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.
In this contribution, we provide our views on the UE-group WUS for NB-IoT and make some proposals.
2 Discussion
2.1 Support for common WUS

In RAN1 #96, it was agreed that a UE is required to monitor WUS(s) in only WUS resource location and that up to 2 time-multiplexed resources may be configured. Therefore, if more than one UE group is configured within each resource, single-sequence CDM is used. 

To support a common WUS that is used to wake up UEs belonging to groups, the UE monitors a second WUS (in addition to its group WUS) in the same resource. Since the UE monitors only a single WUS resource, this means that there is a common WUS for each WUS resource. Therefore, when all UEs must be woken up, the common WUS for each WUS resource must be transmitted.

Observation 1: When a common WUS is configured, there is a common WUS for each of the time-multiplexed WUS resources that is used to wake up all Rel-16 UEs that are monitoring that resource.
Observation 2: Waking up all Rel-16 UEs requires the transmission of a common WUS in each group WUS resource.
2.2 Multiplexing between Rel-15 WUS and Rel-16 UE-group WUS

Based on the agreements in RAN1 #96bis, the total number of TDM WUS resources, shared between Rel-15 UEs and Rel-16 UEs does not exceed 2. The agreements support the following 3 cases for configuration and utilization of WUS resources.

Case 1: One UE group WUS resource is configured to coincide with the legacy WUS resource.

Case 2: One UE group WUS resource is configured to occur immediately before the legacy WUS resource.

Case 3: Two UE group WUS resources are configured; the first group WUS resource coincides with the legacy WUS resource and the second WUS resource occurs immediately before the first group WUS resource.
In cases 1 and 3, a group WUS resource is shared with the legacy WUS; in case 2, separate resources are configured for the legacy WUS and the group WUS. There was an FFS regarding whether a group WUS resource may be shared with the legacy WUS or not. Based on the above, it is clear that the agreements support sharing.

Observation 3: The agreements in RAN1 #96bis support configuration of a group WUS resource to be shared with the legacy WUS.

A common WUS can be used to wake up UEs belonging to all groups, i.e., all Rel-16 UEs monitoring a WUS resource. When a WUS resource is shared between Rel-15 WUS and Rel-16 WUS, it is possible to consider support of a common WUS that wakes up not only Rel-16 UEs but also Rel-15 UEs. Since Rel-15 UEs can detect only the Rel-15 WUS, only the Rel-15 WUS can be used as the common WUS. In this case, when the Rel-15 WUS is transmitted to wake up (one or more) Rel-15 UEs only, all the Rel-16 UEs are unnecessarily woken up as well. Furthermore, in case there is no separate common WUS configured for waking up only Rel-16 UEs monitoring that resource, then the Rel-15 WUS must be used as the common WUS for Rel-16 UEs. In this case, transmission of the common WUS to wake up Rel-16 UEs also unnecessarily wakes up all Rel-15 UEs. To avoid this increased false wakeup of UEs, a common WUS that also applies to Rel-15 WUS should not be supported. 

Proposal 1: The common WUS used to wake up all Rel-16 WUS UEs does not apply to Rel-15 UEs.
2.3 General considerations

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 2: 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 3: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

2.4 UE grouping considerations

Larger the number of UE groups, smaller the probability of false wake-up of UEs when a single UE is being paged. However, in higher paging rate conditions, the probability of UEs belonging to different groups being paged at the same time is also higher. When two time-multiplexed WUS resources are configured, UE groups are assigned one of the two resources. This reduces the probability that UEs belonging to different groups that are assigned to the same WUS resource will be paged together. If there are paging messages for UEs belonging to two groups, there are three approaches to wake up the UEs for monitoring paging.
In the first approach, waking up a subset of all UE groups is supported. With this approach, a WUS is assigned to different subsets of groups. Thus, when UEs belonging to two groups are paged, a single WUS associated with those two groups is transmitted. For each additional subset of groups that a UE belongs to, it must monitor another WUS and hence the complexity is increased. Therefore, it would be practical to support waking up only a limited number of subsets of UE groups. Since this approach then would not cover all the cases, one of the other two approaches must be considered, both of which are based on supporting a WUS for only each individual UE group and the common WUS.
In the second approach, when UEs belonging to multiple groups that are not supported by a WUS for any group or subset of groups, the common WUS is transmitted, which would wake up all UEs monitoring the WUS resource. Obviously, when there are more groups assigned to the WUS resource than those that are being paged, false wake-up of UEs increases. This results in increased power consumption, which is undesirable.
In the third approach, for waking UEs belonging to two groups, a WUS for one group is transmitted at the WUS occasion prior to the next PO and the WUS for the other group can be transmitted only in the WUS occasion prior to the following PO. This results in a paging delay for the UE belonging to the second group. Analysis in [4] shows, however, that for typical paging loading conditions, the probability of more than one UE being paged in the same PO is low. This suggests that the impact of not being able to wake up UEs belonging to different groups at a single WUS occasion may not be significant due to rareness of such events. With 2 WUS resources, the probability of having to page UEs belonging to different groups sharing the same resource is even smaller. If the paging rate is high, however, a large number of UE groups may be configured to reduce the probability of UE false wake-up. In this case, there is also a higher probability of two UEs belonging to different groups having to be paged together. If that is not possible, a paging delay is incurred. Therefore, the feature of waking up subsets of all UE groups can be supported if the maximum number of UE groups that can be configured for each WUS resource is large.

The above discussion shows that while it is desirable to support a large number of UE groups from the perspective of reducing false wake-up, this would require incurring either increased paging latency without support for waking up subsets of all UE groups or increased UE complexity due to having to monitor additional WUS sequences associated with subsets of UE groups. Then, with increasing number of groups assigned to each WUS resource, either the paging latency increases or UE monitoring complexity increases. Therefore, it is still desirable to limit the number of UE groups assigned to each WUS resource. Thus, the maximum number of groups that is supported must achieve a good balance between reducing false wake-up probability and increasing impact to UE.
Proposal 4: Support the feature of waking up a subset of all WUS UE groups if the maximum number of UE groups that can be configured in each WUS resource exceeds X. FFS the value of X.
The most straightforward way to divide UEs into G groups is uniformly by UE ID as follows:

UE group ID = UE_ID mod G.
Multiplexing of UE groups using a hybrid of TDM and CDM was discussed above. In this approach, multiple CDM groups are associated with different TDM slots. Thus, UEs belonging to groups assigned an earlier time slot wake up earlier to monitor the corresponding UE-group WUS than UEs belonging to groups assigned a later time slot. The eNB can limit assignment of the corresponding groups to fewer UEs through non-uniform distribution of UEs among groups. To limit the impact of TDM of UE-group WUSs to UEs in groups that are assigned earlier time slots, the eNB can non-uniformly distribute the UEs among the groups associated with the different TDM slots – e.g., the groups associated with the earlier TDM slots can be smaller relative to those associated with the later TDM slots. The eNB can control this grouping 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.

Proposal 5: Consider support for enabling eNB to control relative UE group sizes.

Proposal 6: The Rel-16 WUS assigned to the group is based on its group ID. It is FFS whether the group ID is implicitly or explicitly obtained.

3 Conclusions

In this contribution, the UE-group WUS for NB-IoT is discussed. The following observations and proposals are made.
Observation 1: When a common WUS is configured, there is a common WUS for each of the time-multiplexed WUS resources that is used to wake up all Rel-16 UEs that are monitoring that resource.
Observation 2: Waking up all Rel-16 UEs requires the transmission of a common WUS in each group WUS resource.

Observation 3: The agreements in RAN1 #96bis support configuration of a group WUS resource to be shared with the legacy WUS.

Proposal 1: The common WUS used to wake up all Rel-16 WUS UEs does not apply to Rel-15 UEs.
Proposal 2: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

Proposal 3: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 4: Support the feature of waking up a subset of all WUS UE groups if the maximum number of UE groups that can be configured in each WUS resource exceeds X. FFS the value of X.
Proposal 5: Consider support for enabling eNB to control relative UE group sizes.

Proposal 6: The Rel-16 WUS assigned to the group is based on its group ID. It is FFS whether the group ID is implicitly or explicitly obtained.
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