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1. Introduction

This document discusses the problem of improving the efficiency of WUS in release 15 (EPS), where it is acknowledged that indiscriminate use of WUS in the full paging area of the UE will lead to negative impacts on UE’s power usage (and thereby negate the usefulness of the feature itself).
A solution is described which seems to provide the required behaviour with reduced impact on network nodes. It is proposed to liaise other groups describing this solution, as a follow-up to the LS sent out in the last meeting [2].
2. Background
As an introduction, the broad goal of the current discussion is to ensure that WUS paging is used only for WUS supporting UEs, and also as little as possible, to avoid negating the feature by having a large group of UEs waking up to listen to paging across the tracking area.

SA2 agreed previously a CR [1], which included the following aspects

· MME is aware of WUS support in UE and eNB (can read RRC Capability for paging)

· For WUS, MME constructs Assistance Data for Paging if this does not already exist

· eNB only sends WUS in last used cell ID; if it receives no Assistance Data, it uses WUSS in all cells

· UE WUS behaviour change required, as the UE must not monitor WUS except in the last cell (else it becomes unreachable)

At RAN3#107bis, this solution was not consensual, and a LS was sent [2] informing SA2 that several aspects of the solution were not considered to be desirable. RAN3 also noted that it would continue working on this topic.

Meanwhile, RAN2 has also been considering the specific requirements on the UE side. This would mean (for example) the UE remembering the last cell, and only using WUS in that cell if no reselection occurs (i.e. the UE will not use WUS after a reselection).
There is also a second point regarding whether there is a need for capability signalling for this behaviour. This can be left to RAN2 (but if agreed, needs to go in the Radio Capability for Paging): if all WUS UEs support this behaviour, no capability is needed, and if some WUS UEs do not support this behaviour, the capability is needed.
3. Analysis
A first observation is that the critical change is in the UE behaviour, i.e., in any case UEs need to use WUS only in certain cases. Note that the UE becomes unreachable if it uses WUS, and the RAN does not. So any reduction of WUS has to be supported by the UE.

Observation 1: A reduction in use of WUS implies that the UE itself does not use WUS in all cells e.g. after any reselection, otherwise it could become unreachable.

Additionally, it can be assumed that RAN2 will indeed provide this change in UE behaviour, and whether this is associated with a new capability or not may be left to RAN2 (the only consequence is the need to add this to the Radio Capability for Paging).

Observation 2: RAN2 is expected to work on behaviour change of the UE for WUS (with or without capability signalling).

With the above in mind, the goal on the network side should be to ensure that 

· In a cell where the UE uses WUS (i.e. last cell), the paging also uses WUS (else UE is unreachable)
· In a cell where the UE does not use WUS, the paging should preferably not use WUS (else system is inefficient)
Observation 3: The goal on the network side is to ensure that WUS is only used in the last cell accessed by the UE, as far as possible.

The SA2 solution used the MME as the core point of the operation; for this, the MME had to be made aware of both eNB and UE support of WUS, and could construct the Assistance Data for Paging if needed (i.e. not provided by the last eNB, and required if the paging eNB and the eNB support WUS).

This solution can work and is not too reliant on the support of the last eNB. However it is striking that since RAN2 is working towards the UE only using WUS in the last cell, the information received at the relevant paging eNB is completely under its own control (since it was too the last eNB). Also if the last eNB does not support WUS, the UE will not use WUS in ANY cell, and therefore there is no need to generate additional information towards the paging eNBs.
Observation 4: The information required by a paging eNB is only needed when the paging eNB is the same as the last eNB, hence availability of such information is fully in control of the behaviour of a WUS supporting eNB.

Based on the above observations, it seems possible to define a modified and simpler solution on the network side as follows:

Solution description:

The following RAN behaviour would enable the above objectives, without signalling changes, or MME behaviour changes:
· At release, WUS supporting eNB provides list of recommended cells with at least the last cell

· Paging eNB decides whether to page using WUS depending on last cell in list of recommended cells: use WUS if recommended cells IE is received and cell is the same as last cell (and of course UE is WUS-capable), or list of recommended cells is not received; otherwise WUS is not used
Note that the first aspect may be seen as a new requirement, but in fact in order to reduce WUS use, the eNB needs to support the second aspect. It seems to make sense to support both the generation of the list of recommended cells at release, and its use in paging, i.e. the first aspect is a natural complement of the first.
Discussion:

One aspect of the solution is that MME behaviour is not impacted, i.e., apart from having to store and send Assistance Data, the MME can proceed with any paging policies it already has, as the use of WUS can remain transparent and a RAN-specific issue,

To check the efficiency of the solution, it is useful to consider possible scenarios as follows:

A. If the last cell is in a WUS supporting eNB and the eNB supplies the list of recommended cells, then WUS is used in that cell when the UE is paged (and has not reselected). The UE expects this, and so it is reachable.

B.  
In the same situation as scenario B, but the UE has reselected to another cell, then WUS would not be used by either RAN or UE. This reduces the use of WUS, which achieves the basic objective. 
C. 
If the last cell is not in a WUS supporting eNB, or it is in a WUS supporting eNB but does not comply to the solution above, it is possible that the Assistance Data is not generated, and therefore WUS would be used in all paged cells. This is obviously not efficient, but it is important to note that this ensures that the UE is reachable in error cases.
D. If the UE has reselected to a cell that does not support WUS, then obviously the UE does not use WUS nor does the eNB, and therefore there is no problem of efficiency or reachability.
The occurrence of scenario C can in general be minimized by deploying WUS functionality along TA lines in the RAN, and by ensuring that the behaviour of WUS supporting eNBs follows the above. It is also possible to consider further optimization e.g. by having paging escalation in RAN linked to WUS functionality. For example, a WUS supporting eNB that receives a paging message without Assistance Data (and therefore does not know the last cell) could use WUS depending on the Paging Attempt Number and/or paging policies, as it knows the WUS capability of the UE.

In conclusion, it seems that the solution described above provides a tool for efficient deployment of WUS, with no signalling impacts, and behaviour impacts only on the nodes that support WUS.

Observation 5: The solution described here does not impact MME paging behaviour and enables efficient deployment of WUS, with no signalling impacts, and impacts behaviour of nodes that support WUS only.
Given this and since RAN3 stated in [2] that it would further discuss how to address the issues found with the SA2 solution, it is proposed to liaise SA2 along these lines.
Proposal: Liaise SA2 with a description of the solution described in this document.

A draft LS is provided in [3].

4. Summary and conclusions
From the discussion above, the following observations and proposals were made:
Observation 1: A reduction in use of WUS implies that the UE itself does not use WUS in all cells e.g. after any reselection, otherwise it could become unreachable.

Observation 2: RAN2 is expected to work on behaviour change of the UE for WUS (with or without capability signalling).

Observation 3: The goal on the network side is to ensure that WUS is only used in the last cell accessed by the UE, as far as possible.

Observation 4: The information required by a paging eNB is only needed when the paging eNB is the same as the last eNB, hence availability of such information is fully in control of the behaviour of a WUS supporting eNB.
Observation 5: The solution described here does not impact MME paging behaviour and enables efficient deployment of WUS, with no signalling impacts, and impacts behaviour of nodes that support WUS only.

Proposal: Liaise SA2 with a description of the solution described in this document.

A draft LS is provided in [3].
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