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1. Introduction

In the study item on small data transmission enhancements for UMTS, the requirement of coverage enhancement was analyzed in [1] and [2] by evaluating the coverage for normal UMTS. In RAN1#79 it was agreed to focus the study on coverage improvement for the following channels: PRACH preamble, PRACH message, EUL, PCH on S-CCPCH [3]. The use of repetition was proposed in [4] and considered as a potential solution in RAN1#79. This contribution illustrates further considerations on improving coverage by repetition.
2. Considerations on coverage enhancements
2.1 Coverage class 
As the small data transmission devices are located in different locations with different circumstance, the path loss and penetration loss could vary greatly between different small data transmission devices. For example, some smart metering device would be deployed in the basement and others may be not. To reflect this phenomenon, the concept of the coverage class was introduced in the study of CIoT in GERAN [5] and eMTC in LTE[6].

It is known that for different requirements on the coverage enhancement, the consumed resource to achieve the target coverage would be different. And the consumed resource for achieving larger coverage enhancement is more than that for achieving smaller enhancement. An example is two repetitions would be sufficient to enhance 3dB coverage, however more repetitions are needed to achieve 10dB coverage enhancement. Therefore, it is proposed to introduce the coverage class concept in SDT study to optimize the capacity, because the different level of coverage improvements with proper resource consumption can be considered for different coverage classes respectively. Otherwise the capacity will be impacted if the coverage enhancement solutions are designed for only the worst coverage case.
It was agreed that balancing the coverage between different channels has high priority in the study of the coverage enhancement for SDT. Also the evaluation results were provided by companies and it showed that the difference of MCL between the best coverage channel and worst coverage channel is almost 10dB. Based on this observation, coverage class for SDT can be defined corresponding to the different number which is targeted to be enhanced for the worst coverage channel. 
As an example is shown in Table 1, in which the enhanced coverage level of PRACH preamble is used to define different coverage class. From the table, it is observed that for extreme coverage class the SDT device is located in the area with coupling loss from MCLP-CCPCH – 5dB to MCLP-CCPCH, and for these devices the PRACH preamble needs to be enhanced about 10dB to balance the channel coverage difference. Similarly, the devices in median coverage class needs to enhance the coverage level of PRACH preamble with 5dB. Each coverage class corresponds to a range of coupling loss of the best channel P-CCPCH, which can be measured by the UE.
Table1: Coverage class for SDT
	Coverage Class
	Enhanced coverage level for PRACH preamble compared with legacy UMTS
	Coupling Loss for P-CCPCH
(dB)

	Normal Coverage
	　Less than 0dB
	Less than MCLP-CCPCH – 10dB

	Median Coverage class
	　0~5dB
	MCLP-CCPCH – 10dB ~ MCLP-CCPCH – 5dB

	Extreme Coverage Class
	　5~10dB
	MCLP-CCPCH – 5dB ~ MCLP-CCPCH


Proposal 1: Introduce the definition of coverage class in coverage enhancement design.

2.2 Solutions for coverage enhancement

The coverage can be improved by repetition because of the raise of the SNR, which is obtained by combining the signal of the same data repeated in consecutive TTIs or access slots [4]. By doing this, good performance can be achieved even if the UE is located with low coverage. The repetition solutions considered for PRACH preamble, PRACH message and EUL are discussed in this section.
2.2.1  PRACH preamble
In order to improve the coverage, during the random access procedure, the same preamble can be repeated in several access slots with the same preamble signature. Based on this assumption the Node B can do the preamble detection by combining these copies of the preamble. Consequently, the detection performance can be enhanced because of the preamble repetition.

A random access procedure is shown in Figure 1. Figure 1(a) shows the legacy random access procedure that the AI shall be sent when a preamble signature received. In Figure 1(b), the same preamble is transmitted in several consecutive access slots and the Node B combines all of these preambles to do the detection. In Figure 1(c), the preamble is repeated in non-consecutive access slots within the same access sub-channel, and the Node B combines all the copies of the preamble which are transmitted non-consecutively. 
It can be observed that the option (b) has less latency for preamble transmission. However, option (c) can reuse the legacy definition for the sub-channels.
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Figure 1: Random access procedure for SDT
2.2.2  PRACH message
PRACH message part can be transmitted on 10ms or 20ms in current specifications. To improve the coverage for small data transmission, a 40ms or larger message part can be considered. As shown in Figure 2, repetition for massage part can be implemented by two ways. In Figure 2(a), the same data is transmitted repeatedly in several consecutive TTIs after channel coding. In Figure 2(b), the data is repeated during the channel coding, which means that rate matching is done repeatedly for the data after turbo coding with different rate matching redundancy version, which may increases the complexity of the channel coding. By this way, the different RV can be selected for each rate matching.
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Figure 2: Repetition for PRACH message

2.2.3  EUL
Repetition for E-DPDCH can also be implemented with the same RV or different RV similarly to that for PRACH message. To ensure the requirement of coverage enhancement, the data carried on E-DPDCH will be transmitted on consecutive TTIs for each HARQ process and the Node B will decode the combined data and transmit feedback information (ACK/NACK) after receiving all the data, which is shown in Figure 3.
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Figure 3: Repetition for HARQ
E-DPCCH can also be repeated in multiple consecutive TTIs. It should be noted that the requirement of coverage enhancement for E-DPDCH and E-DPCCH differs and E-DPDCH can be only demodulated and decoded after E-DPCCH decoding correctly. Consequently, it would be beneficial for the power saving to make the E-DPCCH to be able to be decoded before the decoding of the data channel. The number of repetition for E-DPDCH and E-DPCCH can be also considered to be different.

Furthermore, it is known that the frequency of inner loop power control (ILPC) for normal UMTS is 1.5 kHz. However, most of small data transmission devices are static or moving with very low speed, the fading of wireless channel changes slowly. Considering overhead introduced by fast power control, it can be considered to turn off or slow down the power control for small data transmission devices.
4. Conclusion
In this contribution, solutions on repetition for PRACH preamble, PRACH message, E-DPDCH and E-DPCCH are analyzed. It is proposed to consider the solutions in the paper and capture them in the TR.
Proposal 1: Introduce the definition of coverage class in coverage enhancement design.
Proposal 2: Consider the solutions and the evaluations in the paper and capture them in the TR.
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