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1
Introduction
The Rel-13 WI for low-cost MTC has been approved in the previous RAN plenary which includes coverage enhancement for low complexity UE as well as regular UEs. The followings have been agreed as objectives of the coverage enhancement in Rel-13 LC-MTC WI [1]:
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:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

· Uplink PSD boosting with smaller granularity than 1 PRB

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· 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.

In this contribution, we discuss on the general considerations for coverage enhancement in Rel-13 LC-MTC WI.
2
Considerations on Coverage Enhancement
The coverage enhancement techniques were studied in Rel-12 low-complexity UE WI targeting 15dB enhancement of physical channels including data channels, broadcasting channels, and control channels. However, due to the limited time, the coverage enhancement has not been introduced in Rel-12 and pushed out to Rel-13 low-complexity UE WI although RAN1 made reasonable amount of agreements and working assumptions. It is captured in the Rel-13 WI that the Rel-12 agreements and working assumptions should be a starting point if applicable in order to minimize unnecessary standard efforts by avoiding repetitive discussions. Since the Rel-12 low complexity UE doesn’t have bandwidth limitation in both uplink and downlink, the Rel-12 agreements and working assumptions for the physical channels transmitted in a wideband manner may need to be revisited as it is not able to be supported by bandwidth limited UE. However, any agreements and working assumptions related to a physical channel which may be transmitted within 1.4MHz bandwidth (e.g. PRACH, PBCH, and PSS/SSS) can be kept for Rel-13 low-complexity UE as long as no significant issue is found. The coverage enhancement of PBCH has been studied with ‘keep trying’ method which may cause higher battery consumption. Therefore, although PBCH is transmitted in narrow band, it is better to revisit the coverage enhancement technique for PBCH in Rel-13. On the other hand, the coverage enhancement techniques for PRACH don’t seem to have any issue to reuse for Rel-13 low-complexity UE.
Proposal-1: Agreements and working assumptions made during Rel-12 for PRACH should be kept as it is.
It has been agreed that the coverage enhancement techniques can also be used by other regular LTE UE categories as the benefit can be enjoyed in some cases such as emergency situation in the coverage limited area. As described in [1], it seems to be desirable to have a common coverage enhancement solution for all UE categories as the solutions could diverse if we optimize the coverage enhancement techniques according to the UE capability, and it will result in significant standard efforts in the end. In addition, the performance and delay will be anyhow compromised in coverage enhanced mode, thus optimizing performance according to the UE capability doesn’t seem to be quite attractive. Therefore, it seems to be straightforward to introduce a common solution for all UE categories as a mode of operation (e.g. coverage enhanced mode) and the coverage enhanced mode should be designed based on the lowest UE category.  

Proposal-2: Coverage enhancement should be introduced as a mode of operation and designed based on Rel-13 low-complexity UE capability only.
The target coverage enhancement level was 20dB when the study item initiated but it is compromised to 15dB due to the diminishing return, which implies that additional coverage enhancement will consume more physical resources while the coverage enhancement increment level becomes smaller. Therefore, as RAN1 agreed before, it seems to be inadequate to have more than 15dB coverage enhancement in terms of resource utilization. The Rel-13 low complexity UE may have additional coverage loss due to its limited capabilities such as limited RF bandwidth for both uplink and downlink. For example, frequency diversity gain may not be achievable in the reduced bandwidth which may result in additional few dB coverage losses as compared with other UE categories supporting wideband transmission. Since the coverage enhanced mode should be designed based on Rel-13 low-complexity UE and not optimized for all other UE categories, the nominal coverage of all UE categories/types for 15dB coverage enhancement should be based on limited bandwidth.
Proposal-3: the nominal coverage of all UE categories/types for 15dB coverage enhancement should be based on limited bandwidth. 
3
Conclusion
In this contribution, we discuss on the general consideration on coverage enhancement in Rel-13 low-complexity UE WI. The followings are the proposed as outcomes from the discussions.
Proposal-1: Agreements and working assumptions made during Rel-12 for PRACH should be kept as it is.
Proposal-2: Coverage enhancement should be introduced as a mode of operation and designed based on Rel-13 low-complexity UE capability only.
Proposal-3: the nominal coverage of all UE categories/types for 15dB coverage enhancement should be based on limited bandwidth.
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