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1. Introduction

In RAN2#102 meeting, the following agreements on wake up signal for NB-IOT and MTC were made as in [1].
	Agreements
· In Rel-15, MME is not aware of WUS.

· Wait for RAN1 on the gap between WUS and start of PTW before deciding on the capability.

· WUS enable/disable is per cell in NB-IoT.

· Parameter N is cell specific – with possible values 1, 2, 4.
· After cell reselection, UE monitors every PO till the next WUS or until PTW ends (whichever is first)

· if eNB sends direct indication or paging for SI modification then WUS should be sent


In RAN2#101bis, the following agreements on wake up signal for NB-IOT and MTC were made as in [2].
	Agreements:
· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).

· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 

· At least some configuration is also per-carrier configuration in SIB22.

· FFS if certain carriers can be enabled/disabled

· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell

· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.

Working assumption:

· RAN2 assume paging operation in MME is not impacted.


In this contribution, remaining issues on wake up signal are discussed, it mainly focuses on the WUS detection reporting when UE possibly suffers from the WUS missing or WUS degrading, and on the UE sub-grouping ID configuration.
2. Discussion
2.1. WUS detection reporting
Regarding the agreement in RAN2#101bis, for power efficiency, when WUS is enable for UE and WUS configuration information is received by UE from network, UE will monitor paging in PO only if it detects out WUS, otherwise it will not monitor the following paging in PO if no WUS is found.

Based on above UE behaviour with WUS, however, it could be found that UE will miss the effective WUS information in some cases. It is possible that UE will miss the WUS because of the channel degrading generated by coverage changing, by UE mobility, or by interference. Although RAN4 has been requested to define the minimum requirement on WUS reception to avoid the potential missing paging, WUS missing or WUS degrading will still be possible, which is similar to CRS degrading case. Usually, if CRS is degrading, UE will reselect to neighbour cell by cell reselection criterion. Thus, if WUS is degrading, it is believed that some kind of operation is needed to avoid the further missing of paging. Especially, as in figure.1, one WUS to N PO is configured in eDRX mode, if eNB gets paging from MME just before the last WUS during PTW, UE will have to miss the paging because of the WUS degrading, since no more WUS will be received in this PTW. This will lead to increasing paging delay as long as eDRX length.
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Figure.1 Example of Paging arriving before last WUS
Here, WUS detection result is proposed to be reported to eNB from UE, then eNB will realize that UE missing the PO because of WUS detection failure, eNB could disable the WUS function to UE aiming to make UE monitor paging in each PO. Moreover, eNB could reconfigure the WUS configuration information to improve WUS quality once WUS degrading information is received. Besides, since reporting the serving cell idle mode measurements to eNB has been agreed for R14 UE, it is also available for UE to report the WUS detection result to eNB. WUS detection result could be an indication to signify whether WUS is detect out, or could be a measurement report on WUS, the threshold of measurement report could be configured by network. WUS detection result could be sent on Msg.3 during random access procedure to let eNB make further decision as soon as possible.
Proposal1: WUS detection results from UE could be reported to make eNB disable the WUS function or reconfigure WUS configuration information.
Proposal2: WUS detection results could be an indication to signify whether WUS is detect out, or could be a measurement report on WUS.
2.2  UE sub-grouping in PO
As UE sub-grouping for one PO has been discussed for power saving, UE will monitor PO only if UE sub-grouping ID is included in WUS. How to configure the UE sub-grouping ID needs to be discussed in RAN2. For paging, as in [3], the paging parameters used for position in time domain, including PO, PF, PH, PTW, are all associated to UE_ID. By this random UE_ID, the paging could be distributed evenly and randomly in the time domain. Hence, one evolved method for sub-grouping ID is based on UE_ID(i.e. UE_ID mod N, N is the number of sub-groupings), however, by this way, UE could belong to only one sub-group. If UE could be distributed into two or more sub-groups, the flexibility of monitoring PO based on WUS will increased for power saving. For example, there are 5 UEs and 3 subgroup for one PO as in below grouping set, each group is related to one WUS with sub-grouping ID information. In the case that the paging probability of UE1 is different from that of UE3, groupingA is more efficient compared to groupingB, because the WUS of UE1 could not lead to an invalid paging monitoring of UE3 in groupingA. However, ifUE1 and UE3 could be paged together with high probability, groupingB is more power efficient since only group3’ WUS without group1’ WUS will be transmitted, UE4 will not execute an invalid paging monitoring, although UE1 has to detect the WUS twice. Here, it also can be seen that the members in a group are better to have the approximate paging probability in PO for power saving.
GroupingA{group1(UE1, UE4), group2(UE2,UE5),group3(UE3)}
GroupingB{group1’(UE1,UE4), group2’(UE2,UE5),group3’(UE1,UE3)}
Proposal3: It needs to be discussed and clarified that one UE in PO with WUS function could belong to one or more sub-groups.
3. Conclusion
In this contribution, remaining issues for wake up signal are discussed, and we have the following proposals：
Proposal1: WUS detection results from UE could be reported to make eNB disable the WUS function or reconfigure WUS configuration.
Proposal2: WUS detection results could be an indication to signify whether WUS is detect out, or could be a measurement report on WUS.

Proposal3: It needs to be discussed and clarified that one UE in PO with WUS function could belong to one or more sub-groups.
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