3GPP TSG RAN WG1 Meeting #97
R1-1906701
Reno, USA, May 13th – 17th, 2019
Agenda item:

6.2.1.1
Source:
Nokia, Nokia Shanghai Bell
Title:
UE-group wake-up signal for MTC
Document for:

Discussion and Decision
1 Introduction

Specification of UE-group wake-up signal (WUS) for MTC is part of the objectives for additional MTC enhancements in Rel-16. In RAN1 #96 the following agreements were also made related to UE-group WUS for MTC [1]:
Agreement

UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.

Agreement

· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

Agreement

· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:

· Up to 2 orthogonal WUS resources may be configured in time domain 

· Up to 2 orthogonal WUS resources may be configured in frequency domain 

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

· FFS: whether one of the WUS resources is configured to be shared with legacy WUS

Agreement

If configured, 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 additionally support the feature of waking up a subset of all WUS UE groups

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

For evaluation purpose and down-selection on multiplexing schemes in RAN1#97:

· UE assumes the same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 

Agreement

Down-select one of the following options until RAN1#97 based on evaluation results including power saving gain, usage of resources, etc

· Up to 2 orthogonal WUS resources may be configured in time domain

· Up to 2 orthogonal WUS resources may be configured in frequency domain 

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

Determine in RAN1#97 whether legacy WUS resource is counted as one of the configured WUS resource(s).
Agreement

Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI

· FFS explicitly or implicitly

· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource

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.
Agreement 

If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.
In this contribution, we provide our views on the UE-group WUS for MTC and make some proposals.
2 Discussion
2.1 Multiplexing between different Rel-16 UE-group WUS
In RAN1 #96, it was agreed that a UE is required to monitor WUS(s) in only WUS resource location and that single-sequence CDM is used if more than one UE group is configured to monitor the same resource. This means that multiple UE groups share the same WUS resource. It is required to select one of the following options.
· Up to 2 orthogonal WUS resources may be configured in time domain

· Up to 2 orthogonal WUS resources may be configured in frequency domain 

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

The above options allow for the configuration of multiple orthogonal WUS resources. While the first, second, and fourth options allow 2 orthogonal WUS resources, the third options allows up to 4 orthogonal WUS resources. Since support for single-sequence CDM in each WUS resource is also agreed, 4 orthogonal resources are not needed. In [3], aspects related to FDM of UE-group WUSs was discussed. As discussed in [3], power boosting of the WUS together with stealing power from outside the narrowband enables simultaneous transmission of multiple UE-group WUSs while maintaining the range of each WUS. A maximum power boost of 4.8 dB is supported for the Rel-15 WUS. To maintain the same range as the Rel-15 WUS, the power of the Rel-16 WUS must also be boosted by the same amount. It is observed that the power loss outside the narrowband is small or insignificant for all system bandwidths. When two resources are frequency multiplexed, this translates into a total power boost of 7.8 dB for the narrowband.  Furthermore, TDM of WUS resources is not desirable due to disadvantages such as resource fragmentation and UEs assigned the earlier WUS resource having to wake up early. Therefore, the first option and fourth options are not preferred. Our preference is to support the second option.

Proposal 1: Up to 2 orthogonal WUS resources may be configured in frequency domain.
Proposal 2: A maximum power boost of 4.8 dB is supported for the WUS in each resource.

To support a common WUS that is used to wake up UEs belonging to all groups, the UE monitors a second WUS (in addition to its group WUS) in the same time-frequency 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 orthogonal 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 WUS resource.
2.2 Multiplexing between Rel-15 WUS and Rel-16 UE-group WUS

It was agreed in RAN1 #96bis that Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI. The issue of whether the legacy WUS resource is counted as one of the configured WUS resources (as discussed in Section 2.1) is still open, however. When one of the resources configured for Rel-16 WUS is shared with the legacy WUS, then clearly no separate resource is needed for the legacy WUS. Therefore, this issue arises in the case when the legacy WUS resource is not shared with Rel-16 WUS. Then the multiplexing of WUS resources used for Rel-16 WUS with the resource for the legacy WUS must be considered in this case. In other words, the configuration of WUS resources is considered separately for the two cases. In our view, this increases the specification effort and also reduces the flexibility for configuration of WUS resources. It is better to fix the total number of WUS resources and allow the eNB to determine how the resources should be used – i.e., whether one of the WUS resources is shared between the legacy WUS and the Rel-16 UE-group WUS.
Proposal 3: The number of configured WUS resources includes the legacy WUS resource irrespective of whether the Rel-15 WUS and Rel-16 WUS are configured on the same WUS resource.
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 4: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

It should also be possible for the network to disable Rel-16 WUS operation completely. That is, in this case no separate Rel-16 WUS is supported whereas Rel-15 WUS operation may still be supported. In this case, Rel-16 UEs can fallback to Rel-15 WUS operation.
Proposal 5: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 6: 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
When two orthogonal 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 up 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.

Proposal 7: 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 WUS configuration provides the number of UE groups for each (DRX/eDRX) gap duration. Multiple WUS resources may be configured for the Rel-16 WUS. Therefore, the groups are distributed among these resources. Each group may be associated with a group ID. A WUS sequence is also assigned to each group. Thus, each group ID needs to be mapped to a WUS sequence.

Observation 3: UE groups for a WUS configuration should be distributed among the configured WUS resources.
Proposal 8: The Rel-16 WUS sequence assigned to a group is based on its group ID.

3 Conclusions

In this contribution, the UE-group WUS for MTC is discussed. The following observation and proposals are made.
Observation 1: When a common WUS is configured, there is a common WUS for each of the orthogonal 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 WUS resource.
Observation 3: UE groups for a WUS configuration should be distributed among the configured WUS resources.

Proposal 1: Up to 2 orthogonal WUS resources may be configured in frequency domain.
Proposal 2: A maximum power boost of 4.8 dB is supported for the WUS in each resource.
Proposal 3: The number of configured WUS resources includes the legacy WUS resource irrespective of whether the Rel-15 WUS and Rel-16 WUS are configured on the same WUS resource.

Proposal 4: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

Proposal 5: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 6: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 7: 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 8: The Rel-16 WUS sequence assigned to a group is based on its group ID.
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