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Introduction
In the RAN Meeting #65, Study on Small Data Transmission Enhancements for UMTS was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be studied is the coverage of small data transmissions. It was agreed at RAN1#78bis that maximum coupling loss (MCL) evaluations were to be made for all relevant channels using a set of agreed reference scenario parameters, with the purpose of finding the bottleneck channels for which improvements should be considered. 
In this contribution we provide results for PRACH preamble detection in the NodeB. The PRACH preamble detection is an essential part of message detection for both Rel-99 RACH in CELL FACH and common E-DCH in Enhanced CELL_FACH.
Assumptions  
The reference scenario parameters agreed at RAN1#78bis to be used in the coverage evaluations can be found in Annex A.
In this contribution the PRACH preamble detection performance is evaluated in AWGN conditions. The aim is to investigate the limitations of the preamble detector for power limited scenarios. 
The NodeB is assumed to use two receive antennas. The receiver attempts detection of one single PRACH scrambling code with 16 signatures. The search is performed with an oversampling factor of 2. 
The noise is modelled as white noise of constant power during the preamble detection. Furthermore, the 4096 chips in the preamble are split into four parts on each antenna. Each part is coherently combined using a matched filter, then the resulting 8 parts are non-coherently combined. This enables the preamble detector to also handle UEs that are non-stationary, for which coherent detection over the entire preamble duration leads to bad performance.
The arrival time of the preamble at the NodeB depends on the distance to the UE and is unknown. Hence, the preamble detection needs to be performed within a window, where the window size depends on the cell range. In general, the preamble false alarm performance degrades with increasing cell ranges.

Coverage evaluation results
The required received  on each antenna for a certain performance is translated into an MCL using the relation derived in Annex B, i.e.
 [dB].
The result is plotted in Figure 1 below, where the MCL and the cell range are varied. 
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Figure 1	Evaluation results showing the false alarm vs the probability of detection for a preamble signal in an AWGN environment.

The acceptable false alarm rate is dictated by the HW resources available to process each potential preamble. With too many false alarms, actual users may be blocked. A reasonable value of false alarms could be in the 0.1% - 1% region. 
For a power limited device with a delay-tolerant service, a fairly low detection probability might be acceptable, since the device can repeat its preamble many times. The repetitions will not cause any detectable interference to the overall WCDMA system, since the power is very low. A detection probability of, say, 30% results in a detection probability of approximately 95% after 8 independent transmissions.
Assuming a false alarm in the 0.1% - 1% region, a detection probability of 30% and a 5 km cell radius, l an MCL of 143-144 dB can be supported.   
For slowly fading channels like Pedestrian A 1 Hz the analysis becomes more complex. Clearly, the coherence time of the channel is much larger than a preamble ramping attempt, making it likely that if you are in a fading dip at the start of the ramping you are likely to still be in a dip at the end of the ramping. Hence, a reasonable solution for delay tolerant devices in stationary bad radio conditions would be to wait a time longer than the coherency time of the channel between preamble ramping attempts.

[bookmark: _In-sequence_SDU_delivery]Conclusion
It has been agreed to study Small Data Transmission Enhancements for UMTS as part of 3GPP Release 13. One key area to be investigated in the study is the coverage aspects of small data transmissions. 
An analysis has been performed to understand the limitation of the PRACH preamble detector in uplink for coverage limited devices in AWGN channels. In power limited situations, the performance can be improved by repeating the preamble many times. The analysis points to that an approximate MCL of 143-144 dB can be supported, with dependency on acceptable false alarm and detection probabilities. 
For fading channels the analysis is more complicated. The fact that fading not only leads to fading dips but also to fading tops can be utilized, by ensuring that retransmissions are done sparsely enough in time to allow for the channel to decorrelate between attempts. Clearly, from this perspective the assumed Pedestrian A 1 Hz channel is rather problematic case.
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Annex A
At RAN1#78bis, the following was agreed:

Relative coverage of all relevant channels shall be investigated, by calculating the maximum coupling loss for each channel in the reference scenario outlined in the table below.

	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





Annex B
According to the simulation assumptions the assumed noise figure in uplink is 5 dB, and a RoT of 10 dB is to be assumed. Assuming a thermal noise density at 290K of -174 dBm/Hz we get a total received thermal noise power  of 
 [dBm].
Given the assumed maximum UE transmission power of 23 dBm, the maximum coupling loss to ensure a certain received  per antenna can be calculated as
 [dB].
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