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1. Introduction

In the study item of small data transmission (SDT) enhancements, the coverage enhancement was identified as one of key objectives [1]. In RAN1#80 meeting solutions using repetition for EUL channel were proposed to improve the coverage [2]. In this contribution, further considerations on EUL coverage enhancements are discussed.
2. Discussion
The repetition solution to enhance the coverage for EUL channels was discussed in RAN1#80 and captured in the TR 25.705. In general E-DPDCH, E-DPCCH and DPCCH are always transmitted simultaneously. For SDT service, the control channel consumes a significant portion of the total transmission power. If the power consumption of the control channel is reduced in each repetition, more available power can be used in each repetition/transmission. Considering this, the following solutions are considered to further improve the coverage for EUL channels.
One method is considering different repetition numbers for E-DPDCH and E-DPCCH as shown in Figure 1. E-DPDCH and E-DPCCH transmission can start simultaneously but E-DPCCH transmission may stop earlier than E-DPDCH because of the different requirement on coverage enhancement.  Then the residual resource for E-DPCCH can be used in two potential ways. One way is to use it for E-DPDCH transmission. This means that E-DPDCH can be boosted with a larger power. This is beneficial to improve the coverage for E-DPDCH. Alternatively the power of E-DPDCH is not boosted, and the residual resource can allow to increase the number of UEs in the uplink.
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Figure 1 Different repetition numbers for E-DPDCH and E-DPCCH

It is known that time multiplexing for E-DPDCH/E-DPCCH can increase the available power for each channel in each transmission/repetition by not transmitting the channels simultaneously. Consequently, the TDM transmission can be used together with repetition to improve the coverage for E-DPDCH and E-DPCCH.
The TDM solution with repetition is illustrated in Figure 2. DPCCH transmission is continuous. In each HARQ process, repetitions of E-DPCCH shall be transmitted first, which are followed by repetitions of E-DPDCHs. E-DPCCH and E-DPDCHs are transmitted in TDM mode, and the repetition number for E-DPCCH and E-DPDCH can be different. For each HARQ process, the repetitions of E-DPDCHs are combined for decoding and shall be acknowledged by E-HICH.
In this solution, the detection performance for E-DPCCH can be improved since more power is applied on E-DPCCH. This is important as the reliability of E-DPCCH is essential to ensure correct E-DPDCH decoding. Furthermore, E-DPDCH and E-DPCCH channels are transmitted consecutively in one transmission of one HARQ process. This will be beneficial to minimize the transmission delay.
When the UE is in coverage limited scenario and repetition is used, the repetition number should be known by both the UE and Node B, as this is an assumption for transmission and reception. It is known that SDT UEs usually have no mobility or low mobility [2]. Therefore, the path loss or penetration loss which needs to be compensated by repetitions shall not change quickly. Considering this, the repetition number in each HARQ transmission can be pre-defined and pre-determined according to the coverage level of the UE [3]. By doing this, significant reduction on signalling overhead for dynamically indicating this repetition number can be avoided. Furthermore, performance degradation caused by incorrect decoding/detection of the repetition number, which has been discussed in RAN1#80, can be also avoided.
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Figure 2 Repetition with TDM for E-DPDCH and E-DPCCH
Furthermore, as an optimization, channel estimation enhancement like E-DPCCH power boosting in legacy HSUPA can be also considered for this solution. The available power of E-DPCCH is boosted due to TDM transmission of E-DPCCH repetitions and E-DPDCH repetitions. By doing this, before the transmission of E-DPDCH, E-DPCCH can be detected with high reliability and it can be utilized as a second pilot channel to enhance the channel estimation. Considering SDT UEs are usually with no mobility or low mobility, the fading of wireless channel changes quite slow, e.g. in the simulation assumption 1 HZ Doppler channel is assumed. For these SDT UEs, the enhanced channel estimation due to the boosted E-DPCCH can still improve the decoding of E-DPDCHs which is transmitted in following TTIs. 
3. Conclusion
In this contribution, further considerations on solutions of repetition for EUL coverage enhancement are analyzed. It is proposed to consider the solutions in the paper and capture them in the TR.
Proposal: Discuss further these solutions, and capture them in the TR.
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