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1. Introduction

A new Rel 13 Work Item on Further LTE Physical Layer Enhancements for MTC has been approved [1] with work in RAN2 starting in RAN2#89.  
On the issue of Paging for MTC, RAN2 has made the following agreements in RAN2#89bis
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.

3
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. 

6
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.

6a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

8
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)

9
Inform RAN1, RAN3, SA2, and CT1 about the discussion above.




In this contribution we discuss how to design the Paging procedure for Rel. 13 low complexity UEs and coverage enhancement UEs. 

2. Discussion

A Rel. 13 MTC UE supports only narrowband operation within 6 contiguous PRBs. Hence, this Rel. 13 MTC UE 
· Cannot decode PDCCH (if the system bandwidth is larger than 1.4MHz)
· Can only support PDSCH on 6 contiguous PRBs within a wideband system
The current paging procedure in LTE requires the UE to monitor PDCCH scrambled with P-RNTI during its paging occasions. However, due to the above identified limitations, the legacy paging procedure cannot in general be applied to Rel 13 MTC UEs.
Furthermore, RAN1 has informed RAN2 that new paging messages need to be defined for Rel. 13  MTC, and such paging messages are transmitted separately from paging messages for other UEs.  This has a direct impact on the overall paging load of the eNB, which will need to be increased in order to address the potentially very large number of MTC devices in the future.

We believe the above issues can be handled by introducing a narrowband paging procedure for Rel-13 MTC UEs. In the following section we propose some design principles for such procedure.

2.1. Paging for Rel-13 MTC UEs
One way to support narrowband paging for Rel13 MTC is shown Figure 1, which illustrates N paging frequency regions defined within the system bandwidth. The number of paging regions is configurable by the eNB. The UE selects a paging region to monitor based on a new paging determination procedure defined for Rel 13 MTC. In addition, the center 6 PRBs region may be configured as a default paging region as it also contains PSS/SSS/PBCH. 

Defining multiple narrowband frequency regions for paging has the benefit of increasing the paging capacity for MTC UEs. The number of paging messages contained in a Paging occasion is increased by N in the example. 

Within a narrowband region, a UE may receive page messages at multiple repetition levels, based on its radio condition. This enables the UE to early decode the page when the network pages at a higher repetition level. Conversely, if the network pages at a smaller CE level, the UE may miss the page and it is up to the eNB to repeat the page at a higher level at the next attempt, as per the RAN2 principle agreed in RAN2#89bis (the UE does not inform the network when it changes its coverage level). 
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Figure 1: Example of multiple narrowband regions for Paging in Rel 13 MTC 
Hence the narrowband paging scheme provides the necessary functionality to support Rel 13 MTC UEs and UEs in coverage enhancement.   
Proposal 1: Introduce narrowband paging procedures for Rel 13 MTC UEs and UEs in coverage enhancement.
Proposal 2: Support multiple bundle/repetition sizes across each narrowband paging region.  

2.2. Control channel for Paging
RAN2 has already agreed that a separate control channel for the MTC SIB is not necessary. By the same principle it would also be desirable to support a control-less mode for paging. This would eliminate the need for a common search space for decoding paging messages.

One aspect to be kept in mind with control-less paging is the resulting UE complexity. Since a page message may contain a variable size paging record, the UE may have to perform blind decoding across multiple sizes in order to decode the page message. One possibility to address this problem is to limit the number of page message sizes the UE has to search for. Another simplification is page only a single UE when using extended coverage mode. Further details on the encoding of the message (turbo vs. TBCC) need to be evaluated by RAN1. 

Proposal 3: RAN2 recommends supporting of a control-less mode of operation for paging. Further evaluation of the complexity impact is up to RAN1

3. Conclusion

In this contribution, we provided our views on the paging procedures for Rel 13 MTC UEs, including low cost UEs and UEs in coverage enhancement. We made the following proposals:

Proposal 1: Introduce narrowband paging procedures for Rel 13 MTC UEs and UEs in coverage enhancement.

Proposal 2: Support multiple bundle/repetition sizes across each narrowband paging region.  

Proposal 3: RAN2 recommends supporting of a control-less mode of operation for paging. Further evaluation of the complexity impact is up to RAN1
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