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1. Introduction
The study item for provisioning of low-cost MTC UEs based on LTE targets 20 dB improved coverage for stationary low-cost MTC UEs using very low rate traffic with relaxed latency requirements [1].

In this contribution we discuss the need to implement PUCCH support in the enhanced coverage mode. We have touched briefly upon this topic in our earlier contributions [2]
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2. Discussion
2.1. Required improvement

In order to improve coverage with 20 dB, the coverage of each individual physical channel needs to be improved. However, the required improvement differs between the different channels. Among the uplink channels, PRACH and PUSCH have been estimated to require around 19-20 dB improvement while PUCCH has been estimated to require around 13.5 dB improvement [4]. This seems to indicate that it may be sensible to focus the efforts during the study item phase on the channels that are likely to be the more challenging ones, i.e. PRACH and PUSCH rather than PUCCH.

Observation: PRACH and PUSCH require a significantly larger improvement than PUCCH. This seems to indicate that it makes sense to give higher priority to other channels than PUCCH during the feasibility study.

2.2. Resource cost

Even if PUCCH is not the channel of highest priority, some observations regarding this channel can be made. While 13.5 dB is significantly less than 20 dB, it is still a substantial required improvement. Our current impression is that it may be challenging to code multiplex PUCCH from UEs in normal mode with PUCCH from UEs in enhanced coverage mode if they differ around 13.5 dB in power when they are received in eNodeB. This could mean that additional, separate PUCCH resources need to be reserved for the receiving PUCCH from UEs in enhanced coverage mode. This particular resource cost can be avoided if PUCCH support is not implemented in enhanced coverage mode.

Observation: Potential additional PUCCH resource cost can be avoided if PUCCH is not supported in enhanced coverage mode. This makes it attractive to consider the possibility of not supporting PUCCH in enhanced coverage mode.

2.3. Necessity and alternatives

PUCCH is used to convey various lower layer control information from the UE to eNodeB. The necessity to support transmission of this information in the studied scenario has already been discussed in e.g. [5] and [6]. In summary:
· CQI: It is not obvious that CQI will be very useful in the studied scenario. A UE operating in enhanced coverage mode is expected to experience a very bad channel quality. It should also be noted that the CQI reporting will be very slow in case it is repeated many times to improve the coverage. This is not necessarily a problem since the radio channel is also expected to vary very slowly in the studied scenario. However, it is probably sufficient to transmit the CQI inband on UL-SCH if a CQI is needed at all. Link adaptation can also be based on the measured required number of (H)ARQ transmissions for successful transmission. Hence there does not seem to be a strong need for CQI transmission over PUCCH.

· HARQ-ACK: The HARQ-ACK feedback loop will also be very slow in case of a large repetition factor. If only one PDSCH TTI is transmitted in every HARQ (re)transmission, the associated PUCCH resource cost for transmitting the HARQ-ACK feedback will be large. However, assuming that TTI bundling (repetition) is used for PDSCH, the associated HARQ-ACK feedback can be kept on a reasonable level. On the other hand, it may be sufficient to rely on an appropriate amount of PDSCH TTI bundling in combination with RLC ARQ (soft combining of RLC transmissions could possibly be considered) and eliminate the feedback for the physical layer HARQ protocol. Then there would not be a need to support HARQ-ACK feedback transmission on PUCCH.

· SR: The UE needs to be able to request uplink resources. It is possible for the UE to do this via PRACH if it would not be able to do this by transmitting SR over PUCCH. Requesting resources via SR might be more efficient in the general case, but in the studied scenario the packet inter-arrival time is expected to be low and PRACH may be sufficiently efficient.

Hence it should in principle be possible to do without PUCCH support in enhanced coverage mode. For the studied scenario, PUCCH-related functionality can be seen as non-critical optimizations whose benefits can be further analysed in a potential future work item phase.

Observation: PUCCH support in enhanced coverage mode can be seen as a non-critical optimization whose benefits can be further analysed in a potential work item phase.

3. Conclusions
In this contribution we made the following observations:

· PRACH and PUSCH require a significantly larger improvement than PUCCH. This seems to indicate that it makes sense to give higher priority to other channels than PUCCH during the feasibility study.

· Potential additional PUCCH resource cost can be avoided if PUCCH is not supported in enhanced coverage mode. This makes it attractive to consider the possibility of not supporting PUCCH in enhanced coverage mode.

· PUCCH support in enhanced coverage mode can be seen as a non-critical optimization whose benefits can be further analysed in a potential work item phase.

It may be worthwhile to try to capture these aspects in TR 36.888.

4. References
[1] RP-121441, “Study on Provision of low-cost MTC UEs based on LTE“

[2] R1-124887, “General considerations on coverage enhancements for MTC”, Ericsson, ST-Ericsson

[3] R1-124888, “Required functionality for coverage enhancements for MTC”, Ericsson, ST-Ericsson

[4] R1-124889, “Initial link budget analysis for coverage enhancements for MTC”, Ericsson, ST-Ericsson
[5] R1-130053, “Coverage improvement analysis for low cost MTC UEs”, CATT

[6] R1-130423, “Physical Channels Coverage Enhancements for MTC”, Renesas Mobile Europe Ltd

