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Discussion and decision
1 Introduction
Various open issues for wake-up signal were discussed via email. For some issues there was good agreement but for other issues there was some different views. This paper provides further input on the issues that could not be fully agreed to assist RAN2 in making the final decision.
2 Discussion
2.1 MME awareness of WUS
When cell uses 1 WUS to N PO mapping then there are two potential issues. One issue is that it is possible eNB gets page from the MME too late to send the last WUS during a PTW, as depicted in Figure 1. In such a case UE could not be reached till the start of next PTW hence MME would have to retry it later. This clearly increases delay in UE being reachable. The key objective of PTW in eDRX was to increase the probability of being able to reach the UE using eDRX but with 1 WUS to N PO mapping the effecting PTW is shorter than without 1 WUS to N PO mapping. While this behaviour does not waste any radio resources but it could lead to MME considering UE is non-reachable and not send further paging.
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Figure 1: Paging request misses last WUS of PTW
Observation 1: With 1 WUS to N PO mapping the effective PTW is shorter.

Second issue with 1 WUS to N PO mapping is that if paging request just misses the WUS then paging the UE delayed till next WUS. This could lead to MME repeating the paging request before eNB had an opportunity to deliver the paging request to the UE and lead to wasted radio resources for transmitting the page repeat.
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Figure 1: Paging request delayed till next WUS within a PTW

Observation 2: With 1 WUS to N PO mapping premature paging receptions by MME would waste radio resources.

Both above issues can be resolved if MME is aware that 1 WUS to N PO mapping is used for the UE being paged hence adapt its paging repetition strategy.

Proposal 1: Making MME WUS aware allows it to adapt paging strategy to avoid unnecessary radio resource and in extreme case consider UE as unreachable. 
2.2 UE behaviour after during reselection
For the following reselection scenarios, there is no special UE behaviour needed:

· If UE reselects to a cell that supports 1 WUS to N PO before the first WUS of the PTW

· If UE reselects to a cell that supports 1 WUS to N PO just before a WUS within a PTW

· If target cell does not support 1 WUS to N PO.

But the case of concern is the following:

· UE reselects to a cell that supports 1 WUS to N PO (N > 1) just after a WUS as depicted in Figure 3.
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Figure 3: Reselection to cell just after a WUS

In this case what should be the UE behaviour from the time UE reselects to the cell and till the next WUS? There are various options proposed during the email discussion [1]:

· If UE receives WUS in the source cell and has monitored less than N POs, it monitors remaining POs in the target cell. This approach works well if source and target cells are synchronised and have same eDRX and WUS configuration.

· if the UE wakes-up in a new cell, and the UE has missed the last WUS of the PTW, then the UE shall monitor the remaining POs of the PTW. This approach is rather restrictive and not clear what UE should do when it switched to target cell with remaining PTW still has 1 or more WUS.
A more generic approach is for UE to make attempt to receive all the POs till the next WUS within the PTW, or all the POs till the end of the PTW. 
Proposal 2: When UE reselects to a cell during the PTW of that cell then UE attempts to receive all POs until the next WUS occasion or the end of PTW. 
2.3 Direct indication reception
Direct indication is used to indicate SI modification thus trigger the UE to update it’s SIBs. Direct indication is sent on PDCCH scrambled with P-RNTI but without actual paging message. When UE uses WUS, UE only monitors the PDCCH if eNB sends a wake-up signal. If when SI modification indication is sent but no UE of the group is actually paged then a WUS would not be sent. Therefore no UE of the group will make attempt to receive the PDCCH and detect SI modification indication. During the email discussion some companies misunderstood this issue is related to reliability of wake-up signal but the issue procedural. 
When using WUS in a cell, it needs to be clarified how SI modification can be delivered when no UE is paged. Various options are:

· Option 1: When PDCCH to carry systemInfoModification or systemInforModification-eDRX, eNB shall send WUS signal to all UEs in the group to trigger UEs to receive the systemInfoModification or systemInfoModification-eDRX. With this option eNB could send direct indication in one or two POs during a PTW and will be able to page UE in other POs.
· Option 2: During eDRX, UE attempts to receive at least one PO if eNB did not send WUS to the UE. Unless it is specified which specific PO UE should attempt to receive in case it did not get WUS, then the only reliable way of eNB delivering direct indication information to all UEs associated with the PTW is to send direct indication in all POs. This is not a good approach given that in eMTC & NB-IoT eNB can either send direct indication or paging message but not both.
Proposal 3: eNB should send WUS if any direct indication information is sent. 
3 Summary
This paper considered further the open issues that could not be concluded during the email discussion and reached the following observations and proposals.
Observation 1: With 1 WUS to N PO mapping the effective PTW is shorter.

Observation 2: With 1 WUS to N PO mapping premature paging receptions by MME would waste radio resources.

Proposal 1: Making MME WUS aware allows it to adapt paging strategy to avoid unnecessary radio resource and in extreme case consider UE as unreachable. 

Proposal 2: When UE reselects to a cell during the PTW of that cell then UE attempts to receive all POs until the next WUS occasion or the end of PTW. 
Proposal 3: eNB should send WUS if any direct indication information is sent. 
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