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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 concluded in RAN1#79 meeting that PRACH is one of the bottleneck channels thus needs to be enhanced in terms of maximum coupling loss (MCL). 
In this contribution, solution to PRACH preamble enhancement is discussed and evaluated.
Assumptions  
The reference scenario parameters agreed at RAN1#78bis to be used in the coverage evaluations can be found in [2].
To be consistent with previous discussions, the PRACH preamble detection is evaluated in AWGN with an oversampling factor of 2. NodeB is assumed to use two receive antennas.
In order to cope with uplink frequency offset, 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. 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 radius which is assumed to be 5 km in this paper. 

Potential solutions to PRACH Enhancement
As far as PRACH coverage is concerned, the major problem is that NodeB can not hear PRACH preamble which has already ramped up to UE maximum power. A straight forward and efficient solution is repetition i.e. to perform energy accumulation over longer preamble or more preamble transmissions, which requires:
1. Deterministic timing. Interval between adjacent preamble transmissions should be known, preferably regular and fixed. More information about the timing of the preamble transmission and its repetitions can also improve the detection performance.
2. Deterministic signatures for repetitions. Signatures used by repetitions may be pre-known or persistent. For example only one signature is allocated for small data traffic or the preamble repetitions use the same signature as the first preamble transmission. If each signature in preamble transmission and its repetitions are random(unknown), accumulation is still possible but complexity and false alarm rate will be very high, since very many (16^N, N is the number of repetitions) hypotheses have to be made. 
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Fig. 1 Potential solutions for preamble repetition

As in Fig 1, there can be different ways to repeat the preamble (taking 2 repetitions for example):
Solution1: Consecutive extension 
Solution2: Per access slot repetition 
Solution3: Retransmission making use of the legacy timing)
In Solution1, PRACH preamble transmissions can cross access slot borders so the accumulation across preambles is more complicated. And AICH timing will have to be changed. Preambles in solution2 and solution3 are time aligned with access slot, while in solution2 UE needs to send preamble much more frequently and listen to AICH at the same time. In solution3, the preamble is not only time aligned with access slot but also follows the timing scheme in current specification. 
Since coherent accumulation is not feasible anyway (due to uplink frequency offset), the 3 solutions have equivalent detection performance in AWGN. 
Solution3 may be seen as a preferred solution than other ones from the aspects stated below: 
1. It is possible for Node B to acknowledge at each access slot, so can complete the detection with an early success when preamble signal is strong enough.
2. Compatible with legacy timing scheme thus requires minimum change to specification and implementation.
3. Impact on UE side is relatively small.
4. Best diversity in time domain.

Potentially, as part of the solution for preamble enhancement, it could be beneficial to consider signature splitting for isolating small data RACH from ordinary RACH since they have very different requirements. Benefits(+) and issues(-) of signature splitting include:
(+) Better and simpler RACH preamble detection, this is important because RACH is a bottleneck.
(+) Legacy traffic and Small data traffic don’t impact each other (or minor). For example RACH collisions in small data traffic do not impact RACH access performance of legacy traffic. 
(-) RACH collision in small data traffic can be much higher/lower than in legacy traffic which implies that the radio resource might not be efficiently used.
(-) Specification changes are needed and the impact on legacy UEs should be minimized.
(-) Require RAN2 involvement.

[bookmark: _In-sequence_SDU_delivery]Performance Evaluation
The detection of PRACH preambles is based on non-coherent accumulation of preambles. Trade-off between performance and complexity leads to different detection algorithms. 
Fig.2 illustrates two example algorithms for preamble detection, based on 8 preambles with known signature (in this example one signature is used through all the repetitions) and time spacing. The curly brackets denote “accumulation and decision”. The detection algorithm is indicated as Np x Nd, where Np is the number of preambles used in one accumulation, Nd is the number of independent decisions (based on the Np preamble accumulations) which are used for obtaining the final detection result. Accumulation length can be 1 preamble (red curly brackets) or 8 preambles (blue curly bracket), or a number in between. Inputs of “Binary OR” are decision results i.e. 1 (0) indicates Preamble detected (No preamble detection).

The Np and Nd value used for implementation may be chosen according to requirement, and it is worth noting that the logic “Binary OR” in Fig.2 is actually a special case of “double thresholding” approach (the second threshold is set to 1).
Fig.3 shows detection performance of different preamble detection scheme, under assumptions described in section 2, with false alarms rate 0.001 and detection rate 0.95. The baseline scheme is scheme 1xNd, here Nd equals the total number of preambles.










Fig.2 Accumulation schemes for preamble detection (example)
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Fig.3 Performance of accumulation schemes

It can be found from Fig.3 that:
1. For a certain Nd, a doubled Np length results in gains of ~2dB.
2. 8 independent detections can result in gains of ~2dB (as shown by the baseline performance).
3. A certain number of preamble transmissions can result in different gains under different detection schemes (e.g. 8x1 is ~4dB better than 1x8), the difference is mainly due to cross-preamble accumulation.


Conclusion
PRACH is a bottleneck channel of uplink coverage. This contribution proposed and evaluated solution for PRACH enhancement. The PRACH coverage can be effectively improved by preamble repetition, each doubling of the accumulation length can result in ~2dB gain. Solution3 (or the like) in Section2 is recommended for further study.
Proposal:  Use the companion text proposal [3] to capture the ideas discussed in this contribution in the TR [4]. 
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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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