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1 Introduction

In the RAN1 #78bis, the study item (SI) on small data transmissions for UMTS was initiated [1]. The TSG RAN WG1 discussed and summarized the fundamental characteristics of the small data transmissions, as well as a reference scenario for performing investigations in the area of coverage improvements. 
In this contribution, the maximum coupling loss (MCL) at which the acquisition indicator channel can be successfully delivered is investigated using the methodology agreed in RAN1 #78bis [2].  

2 AICH
The Acquisition Indicator channel (AICH) is a downlink physical channel that is transmitted at fixed rate (SF=256), which is used to carry Acquisition Indicators (AI) and Extended Acquisition Indicators (EAI). 
· Acquisition Indicator AIs corresponds to signature s on the PRACH.

· Extended Acquisition Indicators represent a set of values corresponding to a set of E-DCH resource configurations. 

The AICH uses as phase reference the Primary CPICH, and its structure is shown in Figure 1. 
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Fig. 1. Acquisition Indicator Channel (AICH) structure.
The AICH consists of a repeated sequence of 15 consecutive access slots (AS), each of length 5120 chips. Each AS consists of two parts, an Acquisition Indicator (AI) part consisting of 32 real-valued signals a0, …, a31 and a DTXed part having a duration of 1024 chips.
3 MCL analysis on the AICH 

The MCL on the AICH was evaluated via a link budget analysis described in Annex A, which was complemented by the assumptions shown in Table 1.
Table 1. Complementary assumptions
	Parameter
	Assumption

	Tx power for the AICH
	-6 dB from P-CPICH


The AICH transmit power shown in Table 1 is considered to be a typical value used in real networks. 

3.1 Link Level Simulation Results

A set of link level evaluations were performed in order to estimate the misdetection probability of the AI. The performance of the AICH when it is subject to the radio conditions of an AWGN and PA channel (1 Hz Doppler spread) is shown in Figure 2.  
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Fig. 2. AI detection failure rate vs MCL for a AICH subject to an AWGN and PA channel, when Ec/Ior = -16dB.
To determine the MCL the missed detection rate target needs to be settled. It is likely that the power limited PRACH preamble attempts will have a quite high probability for missed detection of a single attempt to reach decent MCL values [4]. Hence, given that detection of the preamble is a problem in itself, a rather good detection probability of the AI is needed, so that a lucky detection on uplink is not lost with a missed AI on downlink. If the AI is missed then the UE will just try again with a new preamble, which may then be missed by the PRACH preamble detector. It seems reasonable to assume a maximum probability of missed detection in the 5% - 10% range. For this target error rate, the tolerable MCL is in the region of 144 -146 dB and 152 – 153 dB for the PA and AWGN channels respectively. Potentially this can be improved a few dB by simply increasing the power of the AICH.
4 Conclusions 

In this contribution the coverage limitations for successfully delivering an AI message were studied. Link level simulations revealed that the AICH can provide detection probabilities of 90-95% for MCLs in a range from 144 dB to 146 dB for the PA channel, and between 152 and 153 dB for the case of the AWGN channel. Potentially this can be improved a few dB by simply increasing the power of the AICH.
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Annex A

According to a reference scenario agreed in RAN1 #78bis (Table B.1, Annex B), assuming a thermal noise density at 290K of -174 dBm/Hz, and a noise figure in downlink of 9 dB, we get a total received thermal noise power [image: image4.png]


 of 
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 [dBm].
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 of 43 dBm, the maximum coupling loss to ensure a certain received [image: image10.png]


 can be calculated as
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 [dB].

6 Annex B

The relative coverage of all relevant channels for the study on small data transmission enhancements shall be investigated by calculating the MCL for each channel in the reference scenario outlined in the Table B.1 [3].

Table B.1. Reference scenario for MCL
	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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