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Introduction
Repetition as a means of improving the coverage of the 2msec TTI has been discussed at several of the recent RAN1 meetings, without conclusion. Apart from repetition, it has been demonstrated that MAC segmentation can provide some improvement, and that E-DPCCH less transmission could have some further potential [1].

To date, repetition remains the only proposal that is able to achieve coverage similar to the 10msec TTI, without the need for reconfiguring the radio link. Combination of repetition with HARQ was described and simulated in [2]. Discussion on repetition during RAN1#57bis focussed on the complexity of moving between normal 2msec TTI operation and repetition, the signalling required and error conditions. These are addressed in a separate paper [3].
This paper introduces an alternative method for coverage extension that does not require mapping between “HARQ” and “Super HARQ” processes and in which each HARQ process can be switched individually
Automatic retransmissions & E-DPCCH less transmission
When MAC segmentation is employed, then the beta_ed reduces and the E-DPCCH takes a significant proportion of the overall TX power. Thus, if possible a power saving could be made if the E-DPCCH were not to be transmitted.

This may be achieved if automatic retransmissions are made; that is, retransmissions are made regardless of the ACK/NACK feedback from the Node B. In this case:

· E-TFCI is not important as it is clear that retransmissions will be made with the same E-TFCI

· RSN is not needed as the RSN can be derived from the timing of the first transmission and the subframe number

· Happy bit is not required if the UE is power limited, as it will always be “Happy”

For UEs that are power limited, an RRC reconfiguration (or Node B order) could be used to allow for UEs to make automatic E-DPCCH less re-transmissions. Such transmissions would only be made in cases where the UE is absolutely power limited; otherwise conventional 2msec transmission would be used. In this way, the UE could be configured early to be capable of automatic retransmissions, but would maximise use of the 2msec TTI.
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Automatic retransmission: First TTI indicates 4 automatic transmissions 


An indication that automatic retransmissions are to be made would be required. We assume, therefore that E-DPCCH is transmitted in the first 2msec TTI of a set of automatic retransmissions, but not during the retransmissions. 

When configured to enable automatic retransmissions, the E-TFCI of the E-DPCCH transmitted in the first TTI could be reinterpreted. A UE approaching power limitation would not require the largest E-TFCs, so these could be omitted. The resulting unused E-TFCI values could be used to refer to E-TFCs together with automatic retransmission. In such cases, the RSN could be used to indicate the number of automatic retransmissions to follow.

The power required for the E-DPCCH would not be larger than is the case for conventional 2msec TTI operation.
Switching between normal 2msec operation and automatic, E-DPCCH less transmission could be performed on each HARQ process individually at each instance of new data. ACK/NACK timing would be unchanged, although for automatic retransmission there would not necessarily be a need to send ACK/NACK in the downlink.

Performance of automatic retransmissions & MAC segmentation

In order to achieve coverage similar to a 10msec TTI, automatic, E-DPCCH less retransmissions would need to be performed in addition to MAC segmentation.

Conventionally, VoIP PDUs may be segmented into 3 segments. For automatic re-transmission, we consider 2 MAC segments.
Figures 1 & 2 show the coverage performance of the combined MAC segmentation & automatic E-DPCCH less retransmissions in comparison with conventional 2msec, 10msec & MAC segmentation performance. The additional E-DPCCH less retransmissions improves the coverage of MAC segmentation by about 1dB, although it falls short of achieving the 10msec TTI coverage.
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Figure 1 Relative comparison of 2msec TTI, 10msec TTI, MAC segmentation and MAC segmentation with automatic retransmission & E-DPCCH less retransmission for PA3
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Figure 2 Relative comparison of 2msec TTI, 10msec TTI, MAC segmentation and MAC segmentation with automatic retransmission & E-DPCCH less retransmission for TU6
Conclusion

This paper has shown an alternative approach to improving 2msec coverage by 1dB beyond MAC segmentation. As the UE runs out of power, it’s strategy would be firstly to perform MAC segmentation and then to use automatic, E-DPCCH less retransmissions. The use of automatic retransmissions could be set with each new PDU and individually for each HARQ process. During automatic retransmission, ACK/NACK feedback would not be required in the downlink, reducing downlink overhead.
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