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Introduction
A Work Item for investigating solutions for improvement of the range of the 2msec HSUPA TTI and their benefits was approved at RAN#43. Two of the solution possibilities that have been discussed are repetition and fast TTI length switching and 2msec TTI repetition. A companion paper describes the operation of these schemes in more detail. Essentially, the schemes as discussed in [4] are very similar and differ essentially in the application of rate matching an mapping to the timeslots.
Basic operation

[4] discusses in more detail some of the design issues relating to the schemes. The basic operation is outline as follows:

· If the UE runs out of transmit power and cannot transmit below the minimum PDU size, then it uses repetition or TTI length switching

· It is assumed that the UE is configured to transmit in one HARQ process. At the start of the TTI, it checks whether a longer TTI/repetition is needed

· If not needed, the UE makes a normal 2msec transmission

· If needed, then a longer TTI or repetitions are transmitted

· If a longer TTI or repetitions are used, the Node B does not send an ACK/NACK and retransmissions are not possible

· The next time the HARQ process is due for transmission, the UE may transmit new data, or may transmit a retransmission if it previously transmitted a TTI and the Node B sent a NACK.
· Again, the UE makes a decision as to whether TTI length switching / longer TTI is necessary

Comparison of longer TTI and repetition

It is suggested that for coverage extension, the UE switches to either a single longer TTI or repetition for a fixed amount of times. Retransmissions of longer TTIs or repetition are not permitted, and so HARQ process timing is not impacted. 

As discussed in [4], the E-DPCCH may be code multiplexed or time multiplexed with the E-DPDCH; this could be applied for either a longer TTI or for repetition.

Thus the principle difference between a longer TTI and repetition is in the physical layer rate matching and mapping:

· For a longer TTI, after FEC coding rate matching is carrier out according to the total amount of physical channel bits available in the whole of the TTI. Then, the rate matcher output is mapped across the whole TTI

· For repetition, the output of the rate matching is performed assuming the number of bits available in a 2msec TTI. The rate matcher output is mapped to the first 2msec E-DPDCH TTI. Then, the remainder of the E-DPDCH TTIs are copies of this first TTI. The receiver requires a HARQ buffer into which these repetitions are soft combined

· Note that an enhancement of this process could involve the use of incremental redundancy between repetitions. However puncturing is not allowed for single E-DPDCH code channel unless it is operating with the smallest spreading factor allowed by the network configuration. Since coverage limited UEs are liable to be operating at data rates below the smallest SF allowed for a single E-DPDCH, IR is unlikely to bring a performance benefit.

A practical aspect of these implementations is that a longer TTI is likely to use a higher spreading factor on E-DPDCH than a repeated TTI.

Figure 1 illustrates the difference in coverage performance between a longer TTI and repetition, where the TTI length is 16msec and the number of total number of TTIs for repetition is 8 (i.e. also 16msec transmission).  The x axis shows the pathloss of the UE from the basestation. Whilst the UE is power limited, inner and outer loop power control maintain the BLER at 1%. However when the UE becomes power limited, a 1% BLER can no longer be sustained and the BLER rises.
TTI length switching offers slightly better coverage performance by about 1dB.
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Conclusion

Both longer TTI and repetition are viable means of improving the coverage of the 2msec TTI. The difference is in the L1 rate matching and coding. Repetition implies use of a higher spreading factor than does a longer TTI. The system design, as discussed in [4] is not affected. The performance of TTI length switching is about 1dB better than repetition.
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