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1 Introduction
Rel-12 work on low-cost MTC introduced a new Category 0 UE which supports a reduced maximum TBS of 1000 bits in DL and UL, single receive antenna operation, and additional HD-FDD support.

For Rel-13, a new work item on further physical layer enhancements for MTC was approved at RAN#65 [1]. There are a few details related to Paging messages especially to consider in this WI. The WID has the following points:

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· New physical channel formats with repetition for SIB/RAR/Paging
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.
Note that Rel-12 introduced support at higher layers for the eNB to know from the CN when it is paging a LC UE (i.e. to allow the eNB to know the UE may have a single receive antenna), and likewise for the CN to store this information.
2 Paging for MTC UEs

2.1 Further reduced capability of Rel-13 LC MTC UE
The purpose of the higher layer changes was to allow suitable scheduling behavior from the eNB when it has to send Paging to a or some Cat. 0 UEs. For example, the eNB may power density boost those transmissions and/or group Paging messages for Cat. 0 UEs together separately from higher-category UEs, and/or take account of the 1000 bit TBS limit. The Rel-13 UE needs similar special handling since it only needs to support 1.4 MHz RF bandwidth, and can be assumed therefore to have further reduced physical layer performance compared to a Rel-12 Cat. 0 UE. Again, it is beneficial for the eNB to have knowledge of this during paging.

Proposal 1:
RAN1 to request RAN2 and RAN3 to consider extending the Rel-12 changes for Paging of Cat. 0 UEs to allow a separate indication of the fact that the UE is a Rel-13 LC MTC UE.
2.2 Coverage extension for paging
The Rel-12 support for the eNB to know Cat. 0 for paging is partly usable for coverage extension (CE) because it permits PSD boosting of paging messages. But more is needed in Rel-13 because Paging, like other broadcast messages, is likely to need the most CE within a cell since it needs to always be available at cell edge. On the other hand, paging is just a PDSCH message, scheduled in a familiar way from PDCCH (or EPDCCH if CSS is added).

Much of the design of CE for paging can be handled within the PDSCH CE work, but there a few additional aspects:
1. Consider how much flexibility is needed in paging Rel-13 MTC UEs. It takes less cell spectral efficiency overhead if the broadcast messages in general can be sent in a common narrowband so that duplication for different sets of MTC UEs is not required. This is particularly true in cell-edge CE where a high number of repetitions, i.e. total resources, will be needed.

2. Consider whether the amount of CE (in terms of repetitions, amount of resources, and PSD boosting, etc) should be different for transmission of paging messages via PDCCH+PDSCH from other messages. This would affect RRC configuration of PDSCH repetition numbers, for example.

3. There may be changes needed to definition of Paging Occasions (PO) and Paging Frames (PF) depending on the design of PDSCH CE in general. For example, if the subframes in which a repeated PDSCH can begin are restricted (either explicitly or by implication from a restriction on (E)PDCCH), then the set of defined PO/PFs may need adjusting. This would need RAN2 assistance.
4. It can be assumed that coverage extension will not always be enabled, for the sake of spectral efficiency. Further, CE for PBCH and other broadcast transmissions including paging might be enabled separately from unicast transmissions, e.g. so that UEs can remain camped on the cell even if it is not the time-of-day when the cell plans to send unicast transmissions to them. Therefore, we should consider how to inform the UE of the cell status in this regard to reduce unnecessary wake-ups for the UE.
Work on coverage extension for paging should include at least the above points.

3 RAR
Rel-12 discussed in RAN1 and RAN2 whether to introduce the ability for the eNB to know of Cat. 0 in time for transmission of RAR, i.e. whether to indicate Cat. 0 via PRACH. Eventually, RAN2 decided not to do so, but discussion is continuing on eNB acquiring this knowledge in RA procedure Msg3 or Msg5 instead.
The fundamental reasons for the eNB knowing of low-capability in Rel-12 were in order to manage RAR TBS of up to 1000 bits, and to assume a single RX at the UE [2]. Solutions based on PRACH preamble partitioning were widely proposed, e.g. [3]. As noted in Section 2 for Paging, the Rel-13 LC MTC UE has further reduced capability compared to its Rel-12 version. The inefficiencies identified in [2] would be more serious now that the UE has an even lower capability unknown to the eNB. We therefore think there is an even stronger motivation now than in Rel-12 for the eNB to know as early as possible of the very minimal capability the Rel-13 LC MTC UE has, and so considering Msg1-based solutions again is necessary.
Proposal 2:
RAN1 to agree it is necessary for the Rel-13 LC MTC UE to indicate its capability in Msg1. RAN1 to send an LS to RAN2 stating this.
For a discussion of CE for RAR, see our companion contribution [4].

4 Conclusions
This contribution has considered what simplifications might be possible in paging Rel-13 LC MTC UEs. Further study of this is needed before something specific is introduced, but we can make the following proposals as a first set of ground-rules:
Proposal 1:
RAN1 to request RAN2 and RAN3 to consider extending the Rel-12 changes for Paging of Cat. 0 UEs to allow a separate indication of the fact that the UE is a Rel-13 LC MTC UE.

We also looked again at the benefits of eNB having knowledge of the Rel-13 LC MTC UE capability in time for RAR transmission, and it is even more strongly motivated in Rel-13 than it was in Rel-12. Therefore we propose:

Proposal 2:
RAN1 to agree it is necessary for the Rel-13 LC MTC UE to indicate its capability in Msg1. RAN1 to send an LS to RAN2 stating this.
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