Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #74
R1-133428
Barcelona, Spain, 19th – 23rd August 2013
Source: 
Ericsson, ST-Ericsson
Title:
Physical uplink control channel for enhanced coverage MTC UE
Agenda Item:
7.2.4.2
Document for:
Discussion and Decision
1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.
In this contribution we discuss the support for PUCCH functionality in the enhanced coverage mode.
2 Discussion

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. For PUCCH format 1a, the required improvement is found to be 8.5 dB. The WID [1] suggests that the coverage improvement should be realized through repetition and/or PSD boosting.

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 was discussed during the study item phase [3][4]
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[5][6]. In summary:

· CQI: It is not obvious that CQI will be very useful at least in the worst case scenario where the maximum coverage enhancement is needed. 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 might be possible to do reasonably well without PUCCH support in enhanced coverage mode. At least in the worst case scenario where the maximum coverage enhancement is needed, PUCCH-related functionality can be seen as non-critical optimizations. We note that PUCCH repetition may be particularly challenging in the TDD case.
3 Conclusions

We propose to discuss what PUCCH functionality (CQI, HARQ-ACK, SR) that should be supported for different amounts of coverage enhancement in the enhanced coverage mode. RAN1 may want to ask RAN2 for guidance in a potential LS in particular regarding the need for SR via PUCCH.
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