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1. Introduction

The study item of small data transmission (SDT) enhancement was proposed in 3GPP RAN #65 meeting [1], in which one of the objectives is coverage enhancements and the priority of the coverage enhancement for small data transmission for UMTS is to balance the link budget of different channels and signals. In RAN1#79 meeting, channels including PRACH preamble, PRACH message, EUL and PCH on S-CCPCH were identified as the channels to be improved based on the MCL evaluation [2]. In RAN1 #80 and RAN1 #80bis meetings, solutions for improving the coverage for such channels and evaluations were provided [3-12]. In this contribution, we provide a summary on solutions and performances for coverage enhancements that has been agreed in previous meeting for SDT study item.
2. Discussion
2.1 Solutions for coverage enhancements
According to the TR [13] and the agreements in RAN1 #80bis meeting, the potential solutions for coverage enhancement for the considered channels can be summarized as follows:
· PRACH preamble:

There are 3 schemes of preamble repetitions to improve coverage. Solution 1 is repetition contiguously that the preamble transmissions can cross access slot borders; Solution 2 is repetition in adjacent access slots that the preamble is time aligned with access slot; Solution 3 is repetition preserving the legacy timing. Detailed analysis can be seen in Section 6.1.3.5.1 of TR25.705 [13] and 6.1.3.5.2 of [9].
· PRACH message:

PRACH message can be repeated using the same redundancy version or different redundancy versions, which can be seen in Section 6.1.3.6 of TR 25.705 [13].
· EUL:

One solution is repetition on consecutive TTIs for each HARQ process. The data and control information carried on E-DPDCH and E-DPCCH respectively will be repeated and transmitted synchronously and the Node B will decode the combined data and transmit feedback information (ACK/NACK) after receiving all the data. The repetition number for E-DPDCH and E-DPCCH can be same or different. Detailed analysis can be found in Section 6.1.3.7.2 of the TR [13].
Another solution is the TDM solution, where E-DPDCH and E-DPCCH are time-multiplexed. This can increase the available power for each channel in each transmission/repetition. Detailed analysis can be found in Section 6.1.3.7.3 of [11] and 6.1.3.7.3 of [12].
· PCH:

One solution is using smaller transport block size which results in a lower required Ec/N0. This is beneficial to improve the coverage for PCH over S-CCPCH. Detailed analysis can be found in Section 6.1.3.8.1 of TR25.705 [13].
The other solution is repetition and power boosting. It is beneficial to improve the coverage of the paging channel by repetition and/or power boosting. Detailed analysis can be found in Section 6.1.3.8.2 of TR25.705 [13].
2.2 Summary of coverage gains
Based on the TR [13] and the agreements in RAN1 #80bis meeting [14], this section summarizes the evaluation results for coverage enhancements for small data transmissions. Table 1 lists some modifications based on the table in [15]. Table 2 summarizes the coverage gains for PRACH preamble and PRACH message. The basic simulation assumptions can be found in Section 6.1 of TR [13].
	Table 1 Summary of coverage evaluation for the baseline and proposed solutions
　
	MCL Evaluations Legacy UMTS
	MCL Evaluations After Applying the Potential Enhancements for the Small Data Transmissions in UMTS

	　
	　
	Smaller PCH Transport Block Size
	Repetitions with Power Boosting

	Paging
	
	
	

	(PICH, S-CCPCH)
	MCL [dB], Ped A
	MCL [dB], Ped A
	MCL [dB], Ped A

	　
	143
	≈147
	≈149

	　
	　
	 TBS of 80bits
	7 repetitions with 3dB power boost 

	
	Source I
	Source II
	Source I 
	Source II 

	
	8 repetitions with 8 independent decisions
	FA rate of 0.001 and detection rate of 0.99
	Preamble Repetition Scheme
	Preamble Repetition Scheme

	
	MCL [dB], Ped A
	MCL [dB], Ped A
	　
	MCL [dB], Ped A

	PRACH

Preamble
	-
	130.36
	-
	≈141.36

	
	
	　
	　
	9 repetitions with coherent combining

	
	MCL [dB], AWGN
	MCL [dB], AWGN
	MCL [dB], AWGN
	MCL [dB], AWGN

	
	143
	137.76
	≈148
	≈147.76

	
	　
	 
	15 repetitions (16x1 scheme) with non-coherent combining
	9 repetitions with coherent  combining

	　
	　
	Message Repetition
	Message Repetition

	　
	
	Scheme using the same Redundancy Version
	Scheme using different Redundancy Versions

	PRACH
	MCL [dB], Ped A
	MCL [dB], Ped A
	　

	Message
	132.86
	≈142.86
	-

	　
	　
	with 31 repetitions 
	　


Table 2 Summary of coverage gains 
	Channel
	AWGN
	PA 1Hz

	Paging
(PICH, S-CCPCH)
	-
	~[4--6] dB

	PRACH preamble
	~[5--10] dB
	~10.9 dB

	PRACH message
	-
	~10 dB


According to SID [1], the priority of the coverage extension for small data transmission for UMTS is to balance the link budget of different channels and signals. Based on the evaluation, channels including paging channel, PRACH preamble, PRACH message and EUL channel need to extend their coverage. It can also be noted that these physical channels need up to or more than 10dB enhancements to be balanced with the best coverage channel (SCH in Source I and P-CCPCH in Source II). Based on the evaluations, it can be observed that some significant improvements for coverage can be achieved. For example, in PA channel the MCL values of PRACH preamble and PRACH message can be up to about 141.36dB and 142.86dB from 130.36dB and 132.86dB, respectively, and the gains of the channels are at least 10dB, which allows balancing the MCL of those channels with the MCL of P-CCPCH being the channel with the best coverage. In AWGN channel the MCL values of PRACH preamble can raise to about 147.76dB from 137.76dB and the gains of 10dB can be obtained with a limited repetition number. This means that the gains of PRACH preamble and PRACH message obtained with an acceptable number of repetitions can fulfill the coverage goal of the study item to balance the MCL of different channels. For coverage improvements for EUL channels, several solutions have been identified although the achievable gains need to be further investigated.
In summary, we observe that solutions to improve coverage for small data transmissions in UMTS were identified. 
3. Conclusion
In this contribution, we summarize the potential solutions and performance evaluation for coverage enhancements of PRACH preamble, PRACH message, EUL channel and PCH over S-CCPCH. The evaluation results show that for some channels the identified solutions are beneficial to improve the coverage for small data transmissions in UMTS system. It is proposed to take into account the content of this contribution in the TR.
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