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1. Introduction
A new study item Small Data Transmission Enhancements for UMTS was approved in 3GPP RAN#65 meeting [1]. The following aspects should be considered for small data transmission enhancements:
· identify the targeted standard related small data applications, delay tolerant applications, and applications relevant to massive deployment of devices 
· identify the key traffic characteristics of these applications
· identify any relevant requirements (e.g. related to latency, power and coverage) for these applications
· identify any potential problems or system bottlenecks relevant to these applications and requirements 
This contribution analyzes relevant requirements for small data transmission enhancements.
2. Discussion
2.1 Coverage enhancement
For many small data transmission applications, typically such as MTC applications [2], the devices are often placed in the locations where the coverage is very bad even though the overall outdoor coverage is good. For example, smart metering would be equipped in the basements and the monitoring equipments would be deployed in the buildings or in the locations shielded by foil-backed insulation. These devices will experience greater penetration losses on the radio interface than normal UMTS UEs. Thus, coverage enhancement may be required to ensure that most of devices shall be covered.
Coverage enhancement can be evaluated by comparing the Maximum Coupling Loss (MCL) of devices for small data transmission applications to that of legacy UMTS UEs. The MCL calculations for legacy UMTS deployment are shown in Table 1. 
Table 1 MCL calculations for legacy UMTS deployment
	Physical channel name
	PRACH
	DPDCH
	E-DPDCH
	E-DPCCH
	P-CCPCH
	HS-SCCH
	HS-PDSCH

	
	Preamble
	Message
	
	
	
	
	
	

	Data rate(kbps)
	
	18
	12.2
	69
	
	
	
	37.8

	Transmitter
	
	
	
	
	
	
	
	

	(0) Tx power (dBm)
	23
	23
	23
	23
	23
	43
	43
	43

	(1)Actual Tx power (dBm)
	23
	23
	23
	21.24*
	15.22*
	31
	34
	40.5

	Receiver
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000

	(6) Effective noise power
=(2)+(3)+(4)+10log((5)) (dBm)
	-103.16
	-103.16
	-103.16
	-103.16
	-103.16
	-99.16
	-99.16
	-99.16

	
	
	
	
	
	
	
	
	

	(7) Required Ec/N0 (dB)
	-20.5
	-18.49
	-19.88
	-15.06
	-20.3
	-19.5
	-10
	-6

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-123.66
	-121.65
	-123.04
	-118.22
	-123.46
	-118.66
	-109.16
	-105.16

	(10) MCL
= (1) -(8) (dB)
	146.66
	144.65
	146.04
	139.46
	138.68
	149.66
	143.16
	145.66


*E-DPDCH and E-DPCCH are transmitted simultaneously and their actual transmission power is calculated by power ratio in FRC7.
In Table 1, the required SNRs of downlink and uplink channels for legacy UMTS deployment are from [3] and [4], respectively. For PRACH, DPDCH, and P-CCPCH, the required SNRs are derived in static propagation condition. The required SNRs of E-DPDCH and E-DPCCH are derived in PA channel with RX diversity. The required SNRs of HS-SCCH and HS-PDSCH are derived in VA30.
From Table 1, we observe that the gap between maximum MCL and minimum MCL is 10.98dB for legacy UMTS deployment. As mentioned in [1], it is expected that the priority of the coverage extension is to balance the link budget of different channels and signals. Hence, an additional coverage requirement of 10dB~15dB enhancement should be targeted for small data transmission applications in comparison to legacy UMTS UEs.
Proposal 1: An additional coverage requirement of 10dB~15dB enhancement should be targeted for small data transmission applications in comparison to legacy UMTS UEs.
2.2 Massive number of UEs supported
The number of UEs supported for small data transmission applications may be derived from the required MTC UE density. Assuming 40 low throughput devices are used per home as mentioned in [5], the numbers of devices with small data transmission applications which should be supported in a cell are shown in Table 2 and Table 3 according to London [6] and Tokyo [7] census data.
Table 2 Number of devices supported in London
	Case
	Household density per sq km
	ISD(m)
	Number of devices within a home
	Number of homes within a cell
	Number of devices within a cell

	dense urban
	[4275]
	[500]
	40
	[926]
	[37040]

	urban
	[1517]
	[1732]
	40
	[3941]
	[157640]



Table 3 Number of devices supported in Tokyo
	Case
	Household density per sq km
	ISD(m)
	Number of devices within a home
	Number of homes within a cell
	Number of devices within a cell

	dense urban
	[7916]
	[500]
	40
	[1714]
	[68560]

	urban
	[2316]
	[1732]
	40
	[6017]
	[240680]



Proposal 2: The numbers of devices based on Table 2 and Table 3 should be supported for small data transmission applications.
2.3 Battery life
For small data transmission applications, many devices are expected to work automatically for a long time without battery charging. It is not feasible to charge the batteries frequently as smart phones can or change a battery frequently for the devices such as water meters in a manhole where the power source is not available or gas meters considering safety factors. Considering this requirement of a long service life for small data transmission applications, it is expected that the devices should operate for a very long time, e.g. ten years or more with a local power battery.
Proposal 3: The devices with small data transmission applications should operate for a very long time, e.g. ten years or more with a local power battery.
3. Conclusion
In this contribution, we provide the requirements for small data transmission enhancements. It is proposed:
Proposal 1: An additional coverage requirement of 10dB~15dB enhancement should be targeted for small data transmission applications in comparison to legacy UMTS UEs.
Proposal 2: The numbers of devices based on Table 2 and Table 3 should be supported for small data transmission applications.
Proposal 3: The devices with small data transmission applications should operate for a very long time, e.g. ten years or more with a local power battery.
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