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1   Introduction

In the last two meetings, RAN1 and SA2 exchanged a few LSs on paging enhancements for MTC [1-3]. Such LSs touched upon the inclusion of information related to Low Complexity (LC) UEs and the usage of Coverage Enhancements (CE).
In this document we will consider the input provided by SA2 and RAN1 and we will explain which pieces of information should be exchanged between RAN and CN.
2   
Summary of the discussion among WGs
In their original LS to SA2/RAN2/RAN3 [1], RAN1 indicated that

“For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.”
With respect to the Coverage Enhancements, in [2] SA2 asked for clarifications to RAN1/2/3:

1. “Is the eNB expected to determine the required amount of coverage enhancement techniques based only on static information (such as UE radio capability) or also dynamic information e.g. whether they are in good or bad coverage? 

2. Is there benefit to store the information about whether the UEs (in idle mode) are in good or bad coverage in CN, in order for some information to be later contained in paging message to eNB? 

3. Is it important that the CN ONLY sends S1 interface paging to the last used eNB (e.g. would the RAN be adversely impacted if other eNBs received the request paging indicating “coverage enhancement required”)?

4. Is there benefit to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE?

5. Is there a benefit for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid the other eNBs in the paging area to send further paging over the air?”
In [3], RAN1 replied only to Question 1 and 2 above:

1. “Answer: In order to determine the required amount of the coverage enhancement techniques, both the UE radio capability and information about the UE’s current coverage situation are required. 

The UE radio capability on whether it supports coverage enhancement techniques does not change. Note that a UE with coverage enhancement capability is not necessarily in extended coverage. 
The required amount of coverage enhancement can be practically stable for some users, but changing for some other users. RAN1 has not yet discussed granularity of coverage enhancements for paging transmissions”;
2. “Answer: eNB needs to know the coverage situation of the UEs, i.e. in normal or extended coverage, for paging, but RAN1 does not have the view whether to store it in CN or not”.
3   Discussion
With respect to whether the coverage enhancements should be based on only static information or on both static and dynamic information, from the first answer of RAN1 in [3] we can conclude that:
Consideration #1: Both UE Radio Capability and indication of CE level should be available at the eNB.
From the second answer in [3] it is clear that according to RAN1 information about good or bad coverage of idle mode UEs is necessary for the eNB. Notice however that providing the CN with idle mode UE’s CE level (or good/bad coverage indication) would require extra signaling (such as a new UE triggered TAU procedure) that would outweigh the benefit of any enhanced paging procedure.

The CE level of a connected mode UE needs to be stored in the CN too, since it will be deleted in the eNB (together with the rest of the UE context) at UE context release. Therefore, one possibility is that the eNB provides the CN with the latest available CE level of UE in connected mode when the UE Context is about to be release. This piece of information will be used later on for paging the UE while in idle mode (the assumption is that the CE level changes while the UE is in idle are not critical)

We can therefore conclude that:
Consideration #2: The CE level of a connected mode UE should be stored in the MME in order to later provide it for a subsequent paging.
Consequently we propose to answer to SA2 as follows:
Answer to Question #2 of [2]: Taking RAN1’s input into account, yes, it is beneficial to store in the MME the latest available CE level information for connected mode UEs so that it can be used later during paging.
The devices targeted with these paging enhancements require low power consumption and coverage enhancement. Typically we can think of smart meters. As such, this kind of devices has limited mobility, if any. Therefore, we propose to answer as follows:
Answer to Question #3 of [2]: Sending S1 paging to the last used eNB only would be beneficial, because it would reduce the amount of paging messages over S1. Paging other eNBs with ‘coverage enhancements required’ should be limited.
If the eNB knew that a given paging message is the 1st, or the 2nd, or the last paging attempt for a given UE this might help to decide the proper repetition level. For example, the eNB may decide to increase the repetition level to its highest possible level in case of last paging attempt in order to maximize the likelihood of reaching the UE. However, some eNB may apply implementations specific strategies for subsequent paging messages. Therefore, some input from RAN1 would be needed in order to understand what would be the real benefit of introducing such indication. Accordingly, we recommend:
Answer to Question #4 of [2]: It might be beneficial to indicate to the eNB whether the page is, e.g., the 1st, 2nd or last page attempt for a given UE, but further clarifications from RAN1 on the type of strategy to be applied are needed in order to evaluate the real benefits.
Finally, if an MME could indicate to the eNBs the cancellation of the paging procedure for a UE that already responded this would likely reduce the amount of paging messages over the radio interface. Because of that we suggest:

Answer to Question #5 of [2]: Yes, it might be beneficial for an MME to potentially cancel a paging and to indicate so to the eNB(s).
It should be further discussed how what is the best approach to indicate termination of paging.
4   Conclusion and proposals

In this paper we discussed some potential paging enhancements for MTC. We propose:
Proposal: to answer to RAN1/SA2 according to Section 3 as indicated in the Draft LS captured in [4].
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