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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 PRACH preamble, PRACH message, EUL, PCH on S-CCPCH were agreed to be studied for coverage enhancement with high priority [3]. Repetition proposed in [4] was considered as a potential solution in RAN1#79 and this contribution provides initial evaluations for coverage enhancement by repetition for related channels.
2. Evaluations for coverage enhancements
The evaluation in this section is based on the simulation methodology and assumption captured in the TR 25.705 [5], which is also attached in the appendix.
2.1 PRACH preamble
In Figure 1, the detection performances are shown for different number of repetitions for PRACH preamble. The simulation is performed for AWGN channel and PA channel with 1Hz Doppler spread. The detection threshold is set to fulfil the false alarm probability of 0.1% for different repetition numbers. 
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(a) AWGN channel                          (b) PA channel with 1Hz Doppler spread

Figure 1: Performance for PRACH preamble 
From the evaluation results, it is observed that the performance of preamble repetition is better than that of normal UMTS for both AWGN channel and PA channel with 1 Hz Doppler spread. Assuming the misdetection probability of 1%, the coverage of PRACH preamble is improved by 2.7dB to 10dB in AWGN channel when the number of repetition ranges from 2 to 10. Correspondingly for PA 1HZ Channel, the coverage enhancement can reach 3.9 dB to 10.9 dB because of the larger time diversity in fading channels. Consequently, the coverage for PRACH preamble for both AWGN channel and PA 1Hz channel can be satisfied for devices in different coverage class as defined in [6].
Observation 1: For devices in median coverage class, the coverage for PRACH preamble can be improved by 5dB with the repetition number of less than 4 for both AWGN and PA 1HZ channels. For devices in extreme coverage class, the coverage for PRACH preamble can be improved by 10dB with the repetition number of less than 10 for both AWGN and PA 1HZ channels.
2.2 PRACH message
The performance of message part is evaluated by setting c /d to the typical value of = 0.733 (11/15). The data rate of 12.2kbps is assumed and the 20ms TTI is used. Figure 2 shows that the evaluation results for the PRACH message with repetitions.
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Figure 2 Performance for PRACH message
Assuming BLER target of PRACH message is 1%, the coverage of PRACH message can be improved by 2.2dB to 5.2dB for PA 1HZ Channel with the repetition number of 2 to 8, which can balance the coverage different for the devices in median coverage class.
Observation 2: For devices in median coverage class, the coverage for PRACH message can be improved by 5dB with the repetition number of less than 8 for PA 1Hz channel.
2.3 EUL
The power ratio of E-DPDCH/DPCCH and E-DPCCH/DPCCH is set to 2dB and -4.44dB respectively, and the work point is set to the initial BLER target of 10%. The evaluation results for E-DPDCH and E-DPCCH are shown in Figure 3..
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(a) Performance for E-DPDCH                     (b) Performance for E-DPCCH
Figure 3: Performance for EUL
Figure 3(a) shows the coverage enhancement for repetition of E-DPDCH channels. It is observed that the coverage for the 90% throughput is improved by about 2.4 dB to 3.2 dB with the repetition number of 2 to 4 for AWGN channel.
Figure 3(b) shows the coverage enhancement for repetitions of both 2ms TTI E-DPCCH and 10ms E-DPCCH. It can be observed that the coverage of E-DPCCH can be improved by 6.9 dB to 8.5 dB for E-DPCCH with 2ms TTI with the repetition number of 5 and 10 in AWGN channel. It can be also observed that the coverage of E-DPCCH can be improved by 1.6 dB for E-DPCCH with 10ms TTI with the repetition number of 2 in AWGN channel.
It should be noted that all the simulation is under the same assumption of power ratio setting for E-DPDCH/DPCCH and E-DPCCH/DPCCH. The performance for repetitions can be further improved by optimizing the power ratio setting and other channel estimation optimization technique.
3. Conclusion
In this contribution, initial simulation results for PRACH preamble, PRACH message, E-DPDCH and E-DPCCH are provided. Regarding the PRACH preamble and message, the following observations can be obtained.
Observation 1: For devices in median coverage class, the coverage for PRACH preamble can be improved by 5dB with the repetition number of less than 4 for both AWGN and PA 1HZ channels. For devices in extreme coverage class, the coverage for PRACH preamble can be improved by 10dB with the repetition number of less than 10 for both AWGN and PA 1HZ channels.
Observation 2: For devices in median coverage class, the coverage for PRACH message can be improved by 5dB with the repetition number of less than 8 for PA 1Hz channel.
Regarding the coverage of E-DCH, when fixing the power ratio of E-DPDCH/DPCCH and E-DPCCH/DPCCH to 2dB and -4.44dB, it is observed that the coverage for E-DPDCH can be improved by 3dB with the repetition number of 4 for AWGN channel. And the coverage for E-DPCCH with 2ms can be improved by 8.5dB with the repetition number of 10 for AWGN channel. It should be noted that all the simulation is under the same assumption of power ratio setting for E-DPDCH/DPCCH and E-DPCCH/DPCCH. The performance for repetitions can be further improved by optimizing the power ratio setting and other channel estimation optimization technique.
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5. Appendix

The simulation assumptions for coverage enhancement are given in Table 1 as follows [5]:

Table 1 Simulation assumptions for coverage enhancement for small data transmission
	Parameter
	Assumption

	TBS
	120 bits (HS, EUL)

	UE capability
	Rel-12, supporting any legacy feature improving coverage

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Maximum UE carrier transmit power
	23 dBm at antenna connector

	Maximum Node B carrier transmit power
	43 dBm at antenna connector

	UE receiver noise figure
	9 dB

	Node B receiver noise figure
	5 dB

	Downlink common channel power settings
	P-CPICH: -10 dB from max carrier power

P-SCH: -12 dB
S-SCH: -13.5 dB
P-CCPCH (BCH): -12 dB

For other channels reasonable power settings can be proposed. 

	DL inter-cell interference
	No inter-cell interference

	Soft/softer handover
	No soft/softer handover

	Downlink OCNS
	OCNS added to fill up DL carrier power

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	Ped A 1 Hz Doppler spread, AWGN static channel

	Carrier frequency
	2.0 GHz

	Frequency error
	20 kHz, 1 kHz optional, in cell search simulations,
0 otherwise

	Beta values
	To be provided with evaluation results
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