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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#86 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


[bookmark: OLE_LINK1]In RAN2 #104~#108 meeting, the agreements for WUS grouping can be found in [3]. In this contribution, we will discuss the specific issue about impact of mobility on the WUS paging mechanism and give our proposals.
[bookmark: OLE_LINK20]Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK21]In the previous meeting, according to discussion on SA2 LS [4] and draft reply, RAN2 has identified the issue created by a mobile UE using R15 WUS paging mechanism. That is, in some MME paging strategies, MME may paging a UE in the entire TA list. With such process, companies think the UE have to detect not only WUS signal but also the later PDCCH for paging, and then the desired benefit of R15 WUS scheme cannot be got but power consumption in UEs are increased due to WUS detect. 
Since R16 will support WUS grouping and the UEs will be further distributed into more WUS groups, the false alarm will decrease. The mobility issue might have less impact on R16 WUS mechanism. Therefore, we only discuss the issue for R15 WUS and find the possible solution.
2.1 Solution and impacts on specification
To solve the issue, several possible solutions have been mentioned in the contributions or during the discussion in last meeting. In the following section, we will compare the solutions according to their impacts on specification.
Solution 1: Paging escalation
In the current specification, it is optional for MME to enable the paging escalation. In the implementation, to make the feature mandatory would be helpful, e.g., the MME firstly sends paging only in the last serviced cell for a certain UE. If no paging response is received, MME would gradually expand the paging range until the entire TA.
To make paging escalation mandatory for MME may have small or no impacts on specification and can be further discussed by SA2.
Solution 2: WUS is only used in the last connected cell
In [5], a RAN solution of “WUS is only used in the last connected cell” was proposed. When eNB receives paging from MME via S1 interface, if it could get the information of the “last connected cell” for a certain UE, it would decide to send WUS before paging only when the paging is sent in the “last connected cell”.
For this solution, the “last connected cell” info needs to be sent from MME to eNB when MME sends paging to the eNB. And there has an assumption that MME always stores such info. However, in the current specification, the last serviced cell info is an optional IE in the UL S1 message. The eNB may not always send this info to MME in the last time connection release.
Therefore, in order to make this solution feasible, some changes are needed in RAN3, e.g., to make “last connected cell” info is mandatory in UL S1 release and DL S1 paging messages.
Solution 3: Introduce a new cell-specific WUS for mobile UE
[bookmark: OLE_LINK28]In [6], a solution of WUS group for mobile UE has been mentioned for R16 WUS grouping. Company think it can also be used for this R15 issue, e.g., to introduce a cell-specific WUS signal for mobility UE. . With such scheme, if the UE camps on the last serving cell, it shall monitor legacy R15 WUS, otherwise it shall monitor the new introduced mobile WUS. For eNB, when it receives paging for a certain UE, it needs to decide which WUS would be sent, the legacy R15 WUS or the new introduced WUS for mobile UE. The eNB may also need to know whether the paging cell is the last serving cell and whether the UE support such new WUS for mobility. 
It’s obvious this solution have more impacts, not only on RAN2 spec (new WUS signal) and RAN3 spec (to exchange last serving cell info and UE capability between eNB and MME), but also RAN1 spec (new WUS signal sequence design etc).
Observation 1: Solution 1 has less impacts on the specifications than Solution 2, Solution 3.
2.2 Performance evaluation
For solution 3, we have given the related performance evaluation previously in [7]. We found that the mobility-based WUS grouping cannot simultaneously bring benefit for both mobile UEs and stationary UEs at the same time in any paging scenarios.
For solution 2, as soon as the target UE moves out the last serving cell, it will no longer benefit from the WUS. If we assume there have sparse paging in the non-last serving cell, as the target UE should monitor PDCCH directly for every PO, it’s hard to say such process will be more power saving (totally) than solution 1 in which the target UE is more power consumed only before some POs having paging.
Based on the following assumption, we can do a simple comparison:
· The power consumption of monitor PDCCH is 16 units and the power consumption of detecting WUS is 1 unit.
· The number of PO that have paging to send is M among the total N POs in a cell.
For target UE to monitor all the POs in a non-last serving cell, if without detecting WUS (solution 2), the total power consumption for UE is 16*N. If with detecting WUS (solution 1), the total power consumption for UE is (16+1)*M + (N-M) = 16*M+N. 
If we want to make the total power consumption for UE without detecting WUS is less than that with detecting WUS, e.g.,16*N < 16*M+N, we need to guarantee M/N>93.75%.
M/N can be seen as a factor which can reflect density of paging in a cell. The larger the value of M/N, the denser the paging, and conversely, the smaller the value, the more sparse the paging. It’s easy to understand M/N > 93.75 may be the rare case, especially for such deployment scenarios like NB-IoT or eMTC.
So if we can assume density of paging in a cell would be not so dense, e.g., M/N is always (much) smaller than 93.75, we still think to let UE detect WUS, even in a non-last serving cell will be better than to completely disable WUS detecting.
Observation 2: A simple comparison shows that for mobile UE to monitor PO in a non-last serving cell, only when density of paging in the cell is larger than a value (e.g., 93.75%), solution 2 may have more benefit on power saving than solution 1. But the condition is not practical.
Based on the above observations, we have the following proposal:
Proposal 1: It’s enough to use paging escalation mandatory to handle the impact of mobility on R15 WUS paging mechanism. 
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: Solution 1 has less impacts on the specifications than Solution 2, Solution 3.
Observation 2: A simple comparison shows that for mobile UE to monitor PO in a non-last serving cell, only when density of paging in the cell is larger than a value (e.g., 93.75%), solution 2 may have more benefit on power saving than solution 1. But the condition is not practical.
Proposal 1: It’s enough to use paging escalation mandatory to handle the impact of mobility on R15 WUS paging mechanism.
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