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1. Introduction

RAN3 has been discussing paging for Rel13 eMTC, and sent out an LS [1] after RAN3#88 which states
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In addition the way forward agreed in the same meeting [2] states the following
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This is consistent with the previously received LS from RAN2 [3] and previous RAN2 agreements (e.g. see [4]), and particularly the agreements highlighted below
	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 this contribution we further discuss the implications of the above on the paging procedure keeping in mind the typical use-cases for eMTC. We particularly aim to address the FFS in the way forward on the topic of using the CE levels from past cells.
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 [3].  However, according to agreement #5 in the above, 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, in case of no response, try again paging at 10dB CE level. Note that the MME itself would be in charge of its legacy functions i.e. which eNBs to send the paging message to, and when to repeat the message; the actual CE level used would be determined by the eNB based on the information received from the MME. In any case, if there is a frequent mismatch between UE and the network, this incurs in increased S1AP and RRC signalling and paging (access) delay.
Observation 1: Paging the device over successive attempts results in increased delay and core-network signalling if there is frequent mismatch between the UE’s selected coverage level and the level stored at the network. 
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 (E)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. 

Whether or not such a semi-static configuration is adopted is a topic that may be discussed and decided in RAN2 since it relates to UE specific handling. However we can use the same considerations above to analyze whether per-cell CE information is useful.
In case 1, regardless of whether there is a fixed CE level or not, it is likely that any memory of previous CE levels is of limited use, because the UE will have autonomously changed CE level as  it moves around the network. For such devices, it is relatively unlikely that a UE will be exactly in the same radio conditions as in the past even if it revisits the same cell. In such conditions, a fixed CE level seems appropriate, but even if that is not the case, there is no strong justification to keep a CE level history.
In case 2, by definition the device is expected to stay for some time (possibly a long time) in the same location, therefore requiring a very slowly changing CE level within the same cell. Use cases for such devices include meters and appliance-embedded devices in the home. In both cases, a reselection during idle is likely to be caused by network reconfiguration rather than movement, and the conditions requiring coverage enhancement (position deep indoors or in basement, low sensitivity) are not affected by such reselection. Hence also in this case, it appears that CE level memory is not particularly useful, since it should be enough to rely on the last known level even if the cell changes in this low mobility case.
In the cases when the CE level has been increased by the UE, the eNB(s) sending the paging message can adjust the transmitted level based on the paging attempt count. Meanwhile, the MME (and eNBs) are still able to implement paging strategies that reduce the number of cells on the first attempt(s). In particular knowledge of the device class and configuration (i.e. an eMTC UE without a semi-static configuration) could be a trigger to severely restrict the first paging attempt (e.g. to the last known cell only).

Hence, we make the following proposal.

Proposal 1: Resolve the FFS in the way forward by agreeing that only the last known CE level is provided to the CN, and sent to the selected eNB(s) in the paging message, along with the corresponding last known cell ID.
3. Conclusion

In this contribution, we provided some views on the paging procedure for Rel 13 MTC UEs in extended coverage, and particularly on the need for CE level memory, resulting in the following proposal:

Proposal 1: Resolve the FFS in the way forward by agreeing that only the last known CE level is provided to the CN, and sent to the selected eNB(s) in the paging message, along with the corresponding last known cell ID. 
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.
[…] RAN3 agreed that the Coverage Enhancement level information will be sent from the last serving eNB to the MME for storage within the S1AP Release Complete message. 


The coverage enhancement level will be included in an RRC container that MME will store to be further included in the Paging message towards the paged eNBs. This RRC container will be defined as a separate new RRC container (i.e. different than any RRC container mentioned above for the transfer of capabilities) to be specified by RAN2.





The coverage level information includes the enhanced coverage level corresponding to the last serving cell. 


It is FFS if the coverage enhancement level associated with other cells than the last serving cell could also be sent by the last serving eNB.
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