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1. Introduction

At the RAN1 #96bis meeting, details of UE-group wake-up signal (WUS), which includes the time and frequency location of legacy and UE-group WUS resource, WUS configuration, and sequence design were discussed and RAN1 made the following agreements [1].
	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.


In this contribution, we express our views on UE-group WUS in eMTC.
2. Discussion
2.1. WUS resource multiplexing
At the RAN1 #96 meeting, RAN1 agreed that up to two orthogonal WUS resources per domain (time or frequency) can be configured for Rel-16 WUS and following four options are agreed for further down-selection as shown in Figure 1. 
· 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)
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Figure 1: Illustration of WUS time/frequency resources
Opt. 1: Up to two WUS resources in frequency domain

In Opt. 1, up to two WUS resource can be configured within a single symbol. In the sense, in this option, time gap configuration between WUS and PO may be based on the manner of legacy WUS and any issues on time overhead or delay may not need to be considered. In this option, up to two WUS sequence may be transmitted at the same time. In general, the same coverage performance should be provided between legacy and Rel-16 WUS. Therefore, depending how to specify WUS transmission power, power sharing issues need to be considered between FDMed WUS sequences. 
Opt. 2: Up to two WUS resources in time domain

TDM based solution can also be considered for WUS resource multiplexing. In contrast with Opt. 1, Opt. 2 does not have any issues on power sharing. On the other hand, in this option, UE may suffer from potentially longer time gap between WUS and PO due to the discrete time location of WUS resources, and such longer time gap may increase UE power consumption. However, at the last meeting, for WUS resource multiplexing in NB-IoT, TDM was supported due to the limited frequency resources. In the sense, if we keep commonality of Rel-16 WUS design between eMTC and NB-IoT as in legacy WUS, this option is more preferable.
Opt. 3: Up to two orthogonal WUS resources in a domain
Based on the options listed above, we can consider another option in which up to two WUS resources can be configured per a domain (i.e. time and/or frequency domain) so it means that up to four WUS resource can be configured in total. In the sense of scheduling flexibility, it is clear that this option 3 is most preferable. In addition, one possible benefit from Opt. 3 is to reduce false wake-up rate since the number of WUS sequence per a WUS resource can be reduced by using up to four WUS resources. However, it is also clear that resource overhead may be an issue in Opt. 3. In addition, if Opt.3 is applied, we may need to consider the association between time and frequency location of WUS resources in given UE group ID for each WUS resource configuration (i.e. TDM, FDM, or TDM+FDM). We consider that it is too much flexibility and such scheduling flexibility increases UE implementation complexity. 

Opt. 4: Up to two orthogonal WUS resource either in time domain or in frequency domain

In Opt.4, up to two WUS resource can be configured in a domain where the only one domain for WUS resource multiplexing is configured by WUS configuration. We consider that Opt.4 is a good compromised solution since this option provides sufficient flexibility to avoid possible issues on power sharing and/or time gap between WUS and PO while keeping UE implementation complexity small. 
Based on the discussion above, we provide following proposal.
Proposal 1: Up to two orthogonal WUS resources may be configured either in time or frequency domain 
In addition to the multiplexing scheme of legacy/Rel-16 WUSs, we also need to discuss on whether legacy WUS resource is counted as one of the configured WUS resources. In the case, we consider possible three cases as shown in Figure 2. 

During the last meeting, RAN1 agreed that legacy WUS and Rel-16 WUS can be configured on the same legacy WUS resource. In the case, if legacy WUS is not counted as one of configured WUS resource (Case #3), it is clear that we cannot configure both legacy and Rel-16 WUS on the same WUS resources. In the sense, we consider that existing agreements may imply that legacy WUS should be counted as one of configured WUS resources. On the other hand, if we assume that legacy WUS and Rel-16 WUS is not configured on the same WUS resource and legacy WUS resource is counted as one of configured WUS resources in Opt.1 (FDM base), only one WUS resource can be used for Rel-16 WUS as shown in Case #2 of Figure 2. If larger number of UE groups (e.g. 16 or 32) is supported, one WUS resource is not enough to provide sufficient WUS detection performance. In the case, we can consider opposite way, i.e., legacy WUS resources is counted as one of configured WUS resource so that up to two WUS resource can be used for Rel-16 WUS (as in Case #3). 
Proposal 2: Legacy WUS resource should be counted as one of configured WUS resources
· If issues on Rel-16 WUS detection performance is verified, we can revisit this issue.
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Figure 2: Possible case of legacy/Rel-16 WUS resource locations

2.2. Common WUS 
At the RAN1#96 meeting, RAN1 made the agreements that common WUS is used to wake up all group WUS UEs monitoring the same WUS and it is still FFS whether common WUS is also applicable for Rel-15 WUS UEs. If we assume that common WUS is also applicable for Rel-16 WUS UEs, legacy WUS can be used the common WUS. In the case, when legacy WUS UEs are woken up, all the Rel-16 WUS UEs must be woken up so false wake-up rate maybe an issue. On the other hand, if we assume  that common WUS is not applicable for Rel-16 WUS UEs, the common WUS needs to be transmitted separately from the legacy WUS. In this case, considering that single-sequence CDM is used for multiplexing in the same WUS resource, both legacy WUS only for legacy WUS UEs and common WUS only for Rel-16 WUS UEs cannot be transmitted at the same time. From operator perspective, it is beneficial to introduce common WUS for all the UEs, e.g. for SI updates. Therefore, if legacy WUS and Rel-16 WUS are configured on the same WUS resource, legacy WUS should be used as the common WUS for all the WUS UEs.

Proposal 3: If legacy WUS and Rel-16 WUS are configured on the same WUS resource, legacy WUS should be used as the common WUS for all the WUS UEs.

3. Conclusion 

In this contribution, we provide our views on UE-group WUS in eMTC. Based on the discussion, following proposals are made.

Proposal 1: Up to two orthogonal WUS resources may be configured either in time or frequency domain
Proposal 2: Legacy WUS resource should be counted as one of configured WUS resources
· If issues on Rel-16 WUS detection performance is verified, we can revisit this issue.
Proposal 3: If legacy WUS and Rel-16 WUS are configured on the same WUS resource, legacy WUS should be used as the common WUS for all the WUS UEs.
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