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1. Introduction

In RAN4#91, the RRM requirements for WUS reception in Rel-16 eMTC were discussed, and following are captured in the approved WF [1].

	· In release 16, release 15 WUS reception requirements apply for release 15 UE.
· RAN4 shall wait for further RAN1 progress  related to WUS design, and shall disusss whether it is possible to reuse the Rel-15 WUS reception requirements at RAN4#92 meeting.


In this paper, based on the latest information from RAN1, we will provide our views on WUS monitoring behaviour of Rel-16 UE and the impact on WUS reception requirements.

2. Discussion
In Rel-15 eMTC, Wake-Up Signal (WUS) is introduced to enable UE power saving in idle mode. Before paging occasions, UE will detect on a time-frequency resource if WUS is present or not. If UE detects WUS it will further try to decode MPDCCH in the related POs; otherwise UE will skip monitoring the POs. In Rel-15 there is only one WUS that all UEs will monitor, i.e. when WUS is transmitted, all UEs should monitor related POs. In RAN4, the WUS reception requirements are defined in terms of number of WUS repetitions with which UE should detect WUS with 99% detection probability and 1% false alarm probability. 
In Rel-16 eMTC, UE group WUS is introduced, the presence of which will trigger a group of UEs (but not all UEs) to monitor related POs. In RAN1#97, the following agreements were made regarding UE monitoring behavior.
	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

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 our understanding, a Rel-16 UE will monitor one WUS resource, and on that resource, it will monitor 2 or 3 WUS sequences (to be down-selected). At least one sequence would be for the UE group WUS, and another sequence for a common WUS for all UEs monitor the resource (resource common WUS). If the WUS resource is legacy WUS resource, it is still under discussion in RAN1 whether the resource common WUS is legacy WUS or not, i.e. whether Rel-16 UE will monitor legacy WUS or not.
For WUS reception, we think the Rel-15 requirement metric can be re-used, except that 
· 99% detection probability applies for each of the WUS sequence UE is monitoring, and 
· 1% / N false detection probability applies for each of the WUS sequence UE is monitoring, where N is the number of WUS sequence UE monitors.

The reason to reduce the false alarm probability for each sequence is that as long as UE falsely detects any of the sequence it monitors, UE will monitor the related POs, so if the false alarm probability is 1% for each sequence the overall false alarm probability will be larger than 1%.
Proposal 1: Rel-15 WUS requirement metric can be re-used, except that 

· 99% detection probability applies for each of the WUS sequence UE is monitoring, and 

· 1% / N false detection probability applies for each of the WUS sequence UE is monitoring.

On the exact performance, there are several aspects that may need to be considered. 
· The number of WUS sequences UE monitors. E.g. if there is one UE group associated to a WUS resource, the UE will only monitor UE group WUS, and in this case the performance could be similar to Rel-15

· The exact sequence design and the orthogonality between WUS sequences. For this one RAN4 should further wait for agreements in RAN1. 

· The existence of other WUS sequences than those monitored by the UE. E.g. if two UE groups are associated to the same WUS resource, the presence of other UE group WUS sequence may impact the false alarm performance.
From RAN4 perspective, what should be discussed and decides are the assumptions for Rel-16 UE requirements in terms of number of WUS sequences to monitor and the existence of other WUS sequences. 

Proposal 2: RAN4 to discuss and decide the assumptions for Rel-16 UE requirements in terms of number of WUS sequences to monitor and the existence of other WUS sequences. 
3. Conclusions

In this paper we provided our views on WUS requriements for Rel-16 eMTC.
Proposal 1: Rel-15 WUS requirement metric can be re-used, except that 

· 99% detection probability applies for each of the WUS sequence UE is monitoring, and 

· 1% / N false detection probability applies for each of the WUS sequence UE is monitoring.

Proposal 2: RAN4 to discuss and decide the assumptions for Rel-16 UE requirements in terms of number of WUS sequences to monitor and the existence of other WUS sequences. 
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