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1. Introduction 
In RAN#65 [1], a new WI was approved to further enhance the physical layer for MTC.  One of the objectives is:

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.

This contribution discusses some considerations on coverage enhancement for common control messages, namely SIB, RAR and Paging.
2. Discussion
We will reuse some of the agreements and discussions made in Rel-12 MTC WI [2] for the discussion in this contribution.
2.1 SIB
In RAN1#74bis, the following possible alternatives on SIB were observed:

· Alt1: Re-use legacy SIBs at least for SIB1/2/14

· Alt 1a: Aggregation within SIB modification period w/o additional repetition
· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.
· An extended pre-defined accumulation period may be considered. e.g., set “modification period” to a larger value

· Alt 1b: Aggregation with additional SIB repetition(s) 

· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.
· Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. 

· PDCCH repetition is required if SIBs is scheduled by PDCCH

· FFS whether aggregation should be done only among the new addition SIBs

· FFS whether additional content or SIB is needed for coverage enhancement UEs 

· Alt 2: new SIB for MTC coverage improvement
· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

· The new SIB may be indicated by corresponding PDCCH or MIB or transmitted on predefined resources without any PDCCH indication.

· The benefit of Alt2 compared to Alt1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced.

Alt-1 would reuse legacy SIB thereby minimizing changes to the specification.  This may have seemed attractive in Rel-12, but in Rel-13, the MTC UE is bandwidth limited to 1.4 MHz and hence Alt-1 would restrict the SIB for normal UEs to 1.4 MHz which would reduce frequency diversity.  Hence a separate SIB may be required for Rel-13 MTC UEs in general, regardless of whether they are operating in coverage enhanced mode or normal mode.  The details of this SIB are FFS.
Proposal 1: Introduce a new SIB for Rel-13 MTC UEs for operation in both normal and coverage enhanced mode.  The details of this SIB are FFS.
2.2 RAR

RAR is carried by the PDSCH and requires repetition for coverage enhancement.  In Rel-12, there were some proposals where the repetition level used by the preamble in PRACH is used to determine the repetition level for the RAR (e.g. [3], [4]).  This is the most straightforward way of supporting different repetition levels for the RAR message.  The relationship between the repetition levels of the preamble and the RAR message can be broadcast in the SI.
Proposal 2: The repetition level of RAR is implicitly indicated by the repetition level used for the preamble, and the relationship between the repetition level used for the preamble and the repetition level of RAR is signalled in the SI.
One of the discussions in Rel-12 was whether the RAR is scheduled using PDCCH or without PDCCH.  If PDCCH is not used, we have to:

· Define the resource used for RAR which can be:

a. Fixed, e.g. broadcast in the SI.  This would impose a restriction on the eNB scheduler.
b. Blind decoded by UE.  A search space for PDSCH containing RAR is defined.  A new procedure is therefore required and would also add complexity to the UE for blind decoding

· The RA-RNTI is used to identify the PDCCH containing scheduling info for the RAR.  Without PDCCH, another mechanism is required to identify the correct RAR in cases where multiple RARs are sent.

Hence due to the extra complexity, we prefer that the RAR is scheduled using EPDCCH. As proposed in [5], we propose that coverage enhancement is only defined for EPDCCH and not PDCCH. Therefore a common search space should also be defined for EPDCCH. 
Proposal 3: The RAR is scheduled using EPDCCH.

The RAR can be used to indicate the repetition level for subsequent RACH messages, e.g. Msg 3.  This would allow the eNB the opportunity to refine the coverage level of the MTC UE.

Proposal 4: RAR indicates the repetition level for Msg 3.
2.3 Paging

Paging messages are scheduled using PDCCH with P-RNTI in the legacy system.  The UE only monitors for paging during its paging occasions.  However, due to the need for repetition, the paging of one MTC UE may collide with that of another UE.  Hence such collisions need to be resolved, and this should be done by RAN2.
The network would also need to be aware of the coverage level of an MTC UE so that it could determine whether or not to use repetition on the paging message.  The details of this can be handled by RAN2.

Proposal 5: LS to RAN2 to work on avoiding collisions between different paging repetition levels.

3. Conclusion

In this contribution we discuss some considerations based on what was discussed and agreed in the Rel-12 MTC WI, on coverage enhancement for SIB, RAR and Paging messages.  We propose the following:

Proposal 1: Introduce a new SIB for Rel-13 MTC UEs for operation in both normal and coverage enhanced mode.  The details of this SIB are FFS.
Proposal 2: The repetition level of RAR is implicitly indicated by the repetition level used for the preamble, and the relationship between the repetition level used for the preamble and the repetition level of RAR is signalled in the SI.
Proposal 3: The RAR is scheduled using EPDCCH.

Proposal 4: RAR indicates the repetition level for Msg 3
Proposal 5: LS to RAN2 to work on avoiding collisions between different paging repetition levels.
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