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Introduction
At RAN2#102, among open issues at the time to progressing Wake Up Signal (WUS) for Rel-15, whether or not MME can be transparent to WUS was discussed [1]. The conclusion from that discussion was captured as follows in [2]:
	Agreements
In Rel-15, MME is not aware of WUS.



It was suggested by a few companies that we reconsider this issue at a later release, and so we think it prudent to bring it up again at this time.
In this paper, we discuss consequences of this agreement in Rel-15, and propose that RAN2 send an LS to both SA2 and RAN3 to confirm the impact of the above agreement.
Discussion
In reviewing responses from the mail discussion in [1], companies wished to keep MME transparent to WUS in order to minimize impact to other working groups and because defining this interaction between eNB and MME seemed out of scope of RAN2. Internally, however, we’ve had some concerns over the above agreement, and think that the impact to the core network is not negligible.
Typical operation for WUS in eDRX is illustrated and described as follows in Figure 1. 
[image: ]
Figure 1: Typical WUS operation with a 1:4 numPOs mapping.
When a request to page the UE arrives at the eNB from the MME, the eNB sends a WUS to the UE. For an occasion where WUS is not detected, the UE is not required to monitor the following numPOs as configured. However, after the UE detects the WUS, following a configured time offset, it then monitors the configured numPOs associated with that WUS. Once the UE reaches the end of the PTW, it goes back to sleep and does not begin monitoring for the next WUS until the start of the following eDRX cycle.
One of the scenarios briefly discussed during presentation of the mail discussion was the expected behaviour when the paging message arrives from the MME within a PTW but just after the final occasion when WUS can be transmitted, as in Figure 2. 
[image: ]
Figure 2: Understood behaviour when paging request arrives at the end of a PTW.
It seemed to be understood by companies that in this case the paging would be postponed until the next PTW, during which the UE would receive the paging message. From an operator’s perspective, we think that the MME not being able to account for WUS may cause unneeded impact to the core network due to the MME continuing to retransmit its unanswered paging requests.
Since what to do at the core network level has mostly been left to implementation, we think that there are two main issues that may arise depending on eNB implementation: 
1. [bookmark: _GoBack]If the eNB discards older MME paging requests as they accumulate, then the main issue incurred would be the failed paging requests. 
2. On the other hand, if the eNB does not discard these paging requests and continues to accumulate them, then the main impact would be to the buffers at the eNB and S-GW level. For the longest configurable eDRX cycles, the delay would be equal to half of one cycle (the length of one eDRX sleep period; the time until the next available WUS opportunity at the start of the next PTW). This comes out to up to a 22 minute delay for NB-IoT and up to a 1.5 hour delay for eMTC, during which downlink data must continue to be buffered at the S-GW and paging requests must continue to be buffered at the eNB.
Several suggestions were discussed in RAN2 when this was originally brought up in [1] and [4], but a concrete solution was not made clear; they mostly suggesting leaving it to NW implementation (eNB either reduces the mapping of WUS to PO to increase the frequency of WUS and available paging opportunities, or MME adjusts its paging retransmission strategy in order to limit increasing the paging load). If a lower order WUS:PO mapping is to be used to address this issue, then this seems to negate any gains from using a higher order mapping like 1:4.
Observation 1: From a service perspective, the MME not accounting for WUS may incur increased paging failures or cause unneeded impact on core network buffers.
Since Rel-15 device development is just on the horizon, we think it prudent to reconsider the Rel-15 NW impact of the previous agreement, especially when it comes scenarios like in Figure 2, and propose sending an LS to SA2 and RAN3 in order to more concretely ascertain the core NW impact of the previous RAN2 agreement. We also propose that RAN2 consider making MME aware of WUS starting in Rel-16 and indicate that intention in the LS.
Proposal 1: RAN2 to send an LS to SA2 and RAN3 to confirm core NW impact of MME being unaware of WUS.
Proposal 2: In the LS, RAN2 to suggest that the MME be aware of WUS from Rel-16 onwards
Proposal 3: Furthermore, emphasize in the LS that the solution should avoid UE implementation impact.
Conclusion
The following observations and proposal are made based on the discussion above.
Proposal 1: RAN2 to send an LS to SA2 and RAN3 to confirm core NW impact of MME being unaware of WUS.
Proposal 2: In the LS, RAN2 to suggest that the MME be aware of WUS from Rel-16 onwards
Proposal 3: Furthermore, emphasize in the LS that the solution should avoid UE implementation impact.
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