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1. Introduction

RAN2 has discussed paging for Rel13 eMTC in extended coverage in RAN2#89bis. As an outcome of these discussions, the following agreements were made [1]: 
RAN2 agreements
	Agreements
1.
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

2.
For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 

3.
Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

3a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

4.
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

5.
The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)

6.
Inform RAN1, RAN3, SA2, and CT1 about the discussion above.




In light of the above agreements, a reply LS to SA2 [2] was also agreed.

In this contribution we further discuss the implications of the above agreements on the paging procedure keeping in mind the typical use-cases for eMTC. 

2. Discussion

When paging a UE in coverage extension, the eNB receives from the MME the most recently stored information about the UE’s coverage extension (CE) level [2].  However, according to agreement (5), an idle UE in extended coverage may also autonomously select a different coverage level for paging. This will result in a potential mismatch, at the time of paging, between the coverage information received by the eNB and the coverage level selected by the UE. 

Hence, the network must adjust the paging CE level until finding the UE in case the UE has changed. For example, if the latest stored paging CE level was 5dB, but the UE moved to 10dB CE level, the network may first page at 5dB CE, and when no response try again paging at 10dB CE level. If there is a frequent mismatch between UE and the network, this incurs in increased signalling and paging delay.
Observation 1: If there is frequent mismatch between the UE’s selected coverage level and the level stored at the network, paging the device over successive attempts results in increased delay and core-network signalling. 
We consider the paging mechanism for the following scenarios in eMTC: 

1. eMTC UEs with normal/high mobility 

This would correspond, for example, to eMTC UEs for wearable or tracking applications. Such devices typically would not require large coverage enhancement (e.g at most ~5dB to compensate for single antenna and narrowband processing limitations), but may frequently change between normal coverage and small CE. 
For such devices, a fixed CE level configuration with a conservative value provides the following benefits:
a. Minimizing paging delay: since the network is always aware of the paging coverage level the UE monitors, there is no need for multiple paging attempts to be performed.

b. Improved battery savings: a fixed CE level configuration for paging allows the device to limit the number of M-PDCCH decoding attempts and also limit the amount of time to be awake to decode the paging message. This improves overall battery efficiency. 
2. eMTC UEs with very low mobility 

Under low mobility, the likelihood of the device remaining in the same coverage level for a long time is higher. In such cases, the coverage level amount stored by the network is more accurate than the normal/high mobility cases. Furthermore, low mobility devices may require large coverage enhancement (e.g in the case of meter devices) and it is therefore not desirable to configure them with a fixed coverage level. Hence, the approach whereby the eNB adapts the coverage level based on the stored coverage information and the MME indication of paging attempt number seems more efficient.
Observation 2: For mobile eMTC UEs that at most require small CE, a semi-static configuration of paging coverage level provides improved paging delay and UE battery savings. 

Hence, we make the following proposals.

Proposal 1: Support a semi-static configuration of paging coverage level for UEs that at most require small CE. The semi-static configuration is stored at the MME.
Proposal 2: If proposal 1 is agreed, inform SA2 and RAN3. 

3. Conclusion

In this contribution, we provided some views on the paging procedure for Rel 13 MTC UEs in extended coverage. We also made the following proposals:

Proposal 1: Support a semi-static configuration of paging coverage level for UEs that at most require small CE. 

Proposal 2: If proposal 1 is agreed, inform SA2 and RAN3. 
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