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1 Introduction

EUL has been identified as one of the main bottlenecks when it comes to coverage [1-8], and improvements need to be considered to meet or approach the MCL range of the best physical channels [9]. Based on the solution described in [10] as a “time-multiplexed E-DPCCH/E-DPDCH operation”, the main intention of this contribution is to outline its benefits, provide further details on its operation, and enunciate the way it deals with potential error cases.

2 Power utilization and E-DPCCH & E-DPDCH time-multiplexing
Power is a very limited resource that needs to be handled in a good way for coverage limited devices. In [11] it was seen that it is important to distribute the available power in an efficient manner (gain factor optimization). Operating at very low DPCCH Ec/N0 may affect the channel estimation quality resulting in poor demodulation performance. For small E-DPDCH transport block sizes the cost of control channels becomes significant. Also, increasing the number of E-DPDCH transmissions reduces the required power for E-DPDCH further and control channels become the bottleneck in terms of coverage. Consequently, it would be beneficial to focus the available power on one or a few physical channels at the time instead of distributing it over all physical channels. For the example considered in [11], an MCL gain in the order of 2 dB could be achieved by putting the power spent on E-DPCCH on DPCCH and E-DPDCH instead. Hence, one approach for increasing coverage is offered by time-multiplexing E-DPCCH and E-DPDCH.
One possible E-DPDCH and E-DPCCH time-multiplexing design is outlined in Figure 1. The main idea is that for each HARQ process, the E-DPCCH is first transmitted in one subframe, followed by the corresponding E-DPDCH in the next subframe associated with the HARQ process. This operation can be seen as an one at time power allocation scheme, where all power is allocated to the control channels in the first transmission and to data channels (and pilots) in  the next transmission. Allocating all power to control channels implies that the likelihood of successful detection/decoding increases compared to when the power is distributed among control and data. Hence, potential error cases are reduced. Similarly, by allocating all power to data (and pilots) the success-rate increases and the number of retransmissions decreases. With the exception of sending E-DPCCH and E-DPDCH time-multiplexed in two consecutive subframes associated with a HARQ process, which essentially reduces the rate by two, all existing EUL functionality can be kept. For example, the RSN can still be used to make SHO operation more robust.

To reduce the delay introduced by the time-multiplexed operation, each E-DPCCH can be associated with several associated E-DPDCH transmissions. That is, each E-DPCCH transmission is followed by one or more associated E-DPDCH transmissions (see Figure 2 and 3). The number of E-DPDCH transmissions associated with one E-DPCCH is a trade-off between delay, overhead, robustness and flexibility, and can either be fixed or based on the acknowledgment status.

Each E-DPDCH transmission is acknowledged (via E-HICH) according to existing mechanisms. One question is whether E-DPCCH transmissions also should be acknowledged, i.e. whether an ACK should be sent if E-DPCCH is detected. This could potentially help identifying signalling error cases. In particular, without acknowledgment of the E-DPCCH, it can happen that the Node B does not detect the E-DPCCH which means that all the associated E-DPDCH transmissions would essentially be wasted. By acknowledging the E-DPCCH, the UE would know whether the Node B has detected the E-DPCCH and can therefore decide to “retransmit” the E-DPCCH. Nevertheless, signalling error cases that need to be handled by higher-layers will happen, but this is no different compared to legacy operation. In fact, by allocating all power to either control or data, potential error cases are minimized.
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Figure 1
Illustration of E-DPCCH and E-DPDCH time-multiplexed operation. In this example HARQ processes one, two, three and four use a bundle length of 1, 2, 2, and 3, respectively. The TTI length is 10 ms.
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Figure 2
Illustration of E-DPCCH and E-DPDCH time-multiplexed operation with one E-DPDCH associated with each E-DPCCH. The TTI length is 10 ms.
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Figure 3
Illustration of E-DPCCH and E-DPDCH time-multiplexed operation with several E-DPDCHs associated with each E-DPCCH. The TTI length is 10 ms.
3 Conclusions 

It has been agreed to study Small Data Transmission Enhancements for UMTS as part of 3GPP Release 13. One key area to be investigated in the study is coverage enhancements. 

This contribution has discussed an alternative for improving the uplink coverage. Some general conclusions include:

· An efficient power allocation strategy is essential in order to maximize coverage. More specifically, the number of simultaneous physical channels should be kept as small as possible, i.e. the available power should be put on as few channels as possible. One proposal is to separate in time the transmission of E-DPCCH and E-DPDCH in order to optimize the power utilization when coverage limited. In addition to increased coverage, it follows that allocating all power to control channels implies that the likelihood of successful detection/decoding increases compared to when the power is distributed among control and data. Hence, potential error cases are reduced. Similarly, by allocating all power to data (and pilots) the success-rate increases and the number of retransmissions decreases.

· Another observation is that it is the total energy per bit that matters in terms of coverage. Hence, from this perspective it is less relevant whether repetitions occur in consecutive TTIs or are spread in time. There is, however, a trade-off between time-diversity and delay.

· The power allocation strategy and the repetition scheme are rather independent of each other. Hence, it seems reasonable to first ensure an optimal power allocation strategy and if this is not enough consider repetitions, either consecutive (less diversity but simpler implementation) or by keeping existing transmission structure. The question of repetitions becomes most relevant if repetitions of E-DPCCH are deemed necessary.

· Coverage improvements are important for all kinds of services and not only for SDT applications. This is something that preferably should be kept in mind when developing solutions. For example, there is a clear benefit of keeping the current E-DPCCH format to not impact legacy procedures.
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