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1. Introduction

At the RAN1 #97 meeting, details of UE-group wake-up signal (WUS), which includes the time and frequency location of legacy and Rel-16 WUS resource, WUS configuration, and sequence design were discussed and RAN1 made the following agreements [1].
	Agreement

Support the following options for WUS resource configuration

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

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

· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources

Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource

For further discussion

Different WUS sequences associated with the same PO are used for UE groups regardless of whether the UE groups are in the same or different WUS resources.

Working Assumption

· UE assumes 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

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 this contribution, we express our views on UE-group WUS in eMTC.
2. Discussion
2.1. Transmission power and maximum WUS duration
At the last meeting, RAN1 made the working assumption on transmission power and maximum duration of Rel-16 WUS. Generally, both transmission power and maximum duration provide the significant impact on coverage performance of Rel-16 WUS. We consider that WUS detection performance is almost the same between legacy and Rel-16 WUS since sequence design of Rel-16 WUS is based on legacy WUS sequence such as with scrambling sequence, phase shifting, or other techniques. In that case, different transmission power and/or maximum duration cause different coverage performance between legacy and Rel-16 WUS. However, from operator’s perspective, its motivation is not clear. Therefore, we simply propose to confirm the working assumption. 
Proposal 1: Confirm the following working assumption.

· UE assumes 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
2.2. WUS resource multiplexing
At the RAN1 #97 meeting, RAN1 agreed that WUS resources can be configured in up to two resources that are TDMed or FDMed for Rel-16 WUS, and it is still FFS whether up to four WUS resource can be configured by using both TDM and FDM. Assuming that either TDM or FDM can be configured at a time according to the previous agreement, up to two WUS resources including legacy WUS resource can be available (as in Case #1/#2 in Figure 1). In that case, if operator wants to configure legacy WUS on a WUS resource different from Rel-16 WUS resource, e.g. for avoidance of any negative impact on legacy WUS from the presence of Rel-16 WUS,  one WUS resource can be used for legacy WUS and only one remaining WUS resource can be used for Rel-16 WUS (as in Case #2). In such case, even if enough number of Rel-16 WUS sequences can be multiplexed within a WUS resource, such situation may cause WUS performance degradation due to increase of false wake-up, and it would be beneficial to support up to four WUS resources to reduce false wake-up rate (as in Case #3). Therefore, we prefer to support the configuration based on the combination of TDM and FDM. 
Proposal 2: Support to configure up to four WUS resource by using both time and frequency domain multiplexing
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Figure 1: Possible resource mapping of legacy/Rel-16 WUS
2.3. Group common WUS 
As described in Section 1, RAN1 made the agreements that each UE monitors up to two WUS sequences except for the case that service-based UE grouping is configured. According to the agreement, if two WUS sequences are configured, each UE needs to monitor a Rel-16 WUS sequence corresponding its UE group ID, and remaining one WUS sequence, which UE needs to monitor, can be used for another purpose. At least there are two alternatives. 

· Alt. 1: Group common WUS for waking up all Rel-16 WUS UEs

· Alt. 2: WUS for waking up a subset of Rel-16 WUS UEs

From operator’s perspective, it is clearly beneficial to support common WUS for all the UEs, e.g. for SI updates. Alt. 2 may also be beneficial to reduce the possibility of false wake-up. However, it may increase the number of Rel-16 WUSs, which UE needs to monitor, since each UE may need to monitor Rel-16 WUSs corresponding to some combinations of UE group IDs. Therefore, we made following proposal. 

Proposal 3: Support group common WUS for waking-up all 

· Rel-16 WUS for waking up a subset of UE groups is not supported.
2.4. UE grouping
At the RAN1 #96bis meeting, UE group weighting, which is the feature to reduce false wake-up rate by balancing UE distribution among WUS resources, was discussed. If most of IoT devices have periodic paging traffic, false wake-up rate may be time-invariant and network may be able to estimate future trend of false wake-up rate. In the case, for example, when new UE arrives, the network may be able to select proper WUS resource for balancing paging traffic among WUS resources. However, we consider that paging traffic is time-variant generally and network cannot expect proper weight dynamically. We consider that UE group weighting may reduce false wake-up rate and improve WUS power saving gain, however it is early to support this feature in the next meeting.

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: Confirm the following working assumption.

· UE assumes 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
Proposal 2: Support to configure up to four WUS resource by using both time and frequency domain multiplexing

Proposal 3: Support group common WUS for waking-up all 

· Rel-16 WUS for waking up a subset of UE groups is not supported.
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