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Introduction
This document discusses a potential impact on MME when wake up signal (WUS) is introduced.
Discussions
eDRX and WUS have a tight relationship for IoT applications because both technologies are used for further power consumption reduction concerining paging reception. Hence both technologies may be activated simultaneously no matter what the eDRX length is. In this section, we point out a potential problem.
eDRX from MME perspective
Here, we capture the description in SA2 specification (TS23.682), which specifies how the paging message is transmitted from MME when eDRX is activated. 
[bookmark: _Toc493490088]4.5.13.3.3	MME paging and paging retransmission strategy
NOTE:	This clause applies for extended DRX cycle lengths of 10.24s or longer.
When the MME receives trigger for paging and the UE is reachable for paging, the MME sends the paging request. If the UE is not reachable for paging, then the MME pages the UE just before the next paging occasion.
The MME determines the Paging Time Window length based on paging retransmission strategy, and uses it to execute the retransmission scheme.
If the UE is unreachable for paging, then MME may follow clause 4.5.7 "High latency communication" for functionality related to Mobile Terminated communication with high latency.

From the statement, the following observation is made:
Observation 1
· [bookmark: observation2]Paging message is sent from MME to eNB just before the paging occasion.
· The SA2 specifications do not specify the timing of paging arrival strictly. 
· Therefore, the paging transmission timing (from MME to eNB) is completely implerementation matter. 
WUS mechanisms from RAN1 point of view
The following agreement was made in RAN1#90:
Agreements:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)

From this agreement with many FFS, the following observation is drawn:
Observation 2
· [bookmark: Proposal2]It has not been desided specifically when WUS needs to be sent.
· However, the tramismission timing of WUS will probably be flexible.
Interaction between eDRX and WUS
From observation 1 and 2, the following timing chart can be depicted as in Figure 1:
[image: ]
Figure 1. Timing chart for paging and eDRX from MME, eNB and UE point of view
The following observation can be made from this figure:
· From UE point of view, two durations need to be defined related to WUS:
1. Warm-up period (X msec): Minimum time duration to receive paging PDCCH after the reception of WUS. This value is defined from UE capability point of view.
2. WUS window (Y msec): The time period for WUS reception, which is linked to one (or multiple) paging occasion(s). This value is define from eNB flexibility point of view.
· The eNB therefore needs to receive paging from MME before/during WUS window. Otherwise the eNB cannot send a corresponding WUS to the UE in advance to paging PDCCH. 
· Consequently, the MME needs to send a paging message before/during WUS window. We however have no agreement whether or not MME needs to acknowledge the presence of WUS.
From the RAN1 discussions so far, the exact values for X and Y are not clear. If the values for X and/or Y are very large (order of seconds ??), the introduction of WUS will impact the MME implementation, i.e. MME definitely needs to know the presence of WUS for each UE. Thus, NAS message (UE to MME) and/or S1 message (eNB to MME) shall be defined to obtain the necessary information. 
Observation 3
· If the values X and Y (warm-up period and WUS window) are very large (i.e. order of sectonds ??), introduction of WUS will impact the MME imprementation.
From our point of view, it is preferred to avoid any impact to MME implementation and other working groups for the prompt completion of this WI. The values X and Y therefore should be small as much as possible. However, we should keep in mind that it may not be so easy for NB-IOT because less opportunity is given to WUS due to resource occupation by large DL repetition. This aspect should be taken into account for further study in RAN1. 
Observation 4
· We prefer to define sufficiently small values for X and Y (warm-up period and WUS window) to make WUS functionalities tranparent to MME. 
Conclusion
Given the observations in section 2, we propose the following:
Proposal
· RAN1 strives for defining very short warm-up period and small WUS window to avoid the impact to the workload in orther working groups and MME imprementation.
· [bookmark: _GoBack]This aspect is taken into account when RAN1 defines the mechanism of WUS. 
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