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1. Introduction
To be able to align simulation results for PRACH between companies a set of common assumptions is needed. In this contribution we outline these assumptions.

A lot of assumptions are common to all uplink simulations and these are outlined in [1]. In order to facilitate discussions we refer to the assumptions made for PUSCH as much as possible and only elaborate on the differences.

2. Assumptions

2.1 Radio Channel models

The same models used in [1] can also be used for PRACH simulations.

2.2 Noise model

The same models used in [1] can also be used for PRACH simulations.

2.3 Channel bandwidths
There are a number of different channel bandwidths defined. However it is believed that the most stringent requirements will result from 6 RB channel bandwidth since this results in the largest correlation between the control channels. 
For PRACH the channel bandwidth should not have a large impact since the PRACH only occupies 6 RBs. For ideal simulations the channel behavior of these should be the same regardless of used channel bandwidth.

It should be noted that it is necessary to develop requirements for each channel bandwidth that an eNodeB supports. For initial alignment it is suggested to use 10 MHz channel bandwidth.
2.4 Modulation and coding

Most of the details are already settled within RAN1. Pending RAN1 decisions we make the following assumptions about the design of PRACH.
1. Preamble Construction: RACH signatures are constructed from root Zadoff-Chu sequences and a corresponding cyclic shift based on cell size.  The preamble sequence is given by 
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The parameter NZC (preamble sequence length in samples) is a function of the frame structure and preamble format.  To perform RACH testing, the parameters u, v, and NCS need to be specified.  The number of root sequences (u) required and the cyclic shift length (NCS) are dependent on the cell size. For small cell size, only one root sequence can be used to generate all preambles (either 64 or 16 depending on the frame structure) and the preambles are all orthogonal within the allowed timing offset.  For larger cell sizes, however, multiple root Zadoff-Chu sequences are needed and preambles from different roots are no longer orthogonal.  To simplify the tests, it is proposed that for the normal burst type only one fixed root Zadoff-Chu u is used to generate all possible preambles.  Naturally, for the extended and repeated burst types, multiple root sequences are required to generate a full set of preambles.  Table 1 shows one proposal for the parameter sets used to construct all preambles.  Note that for large cells, pairs of root indices (u=a and u=K-a) are allocated in order to allow efficient matched filter implementation.  Also shown in the table is the maximum cell size that can be supported by each configuration.  

Table 1.  Recommended random access preamble sequence set.

	Frame structure
	Burst type
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	Cell Size (km)

	Type 1
	Normal
	839
	13
	1
	0.8

	
	Extended
	839
	209
	1,..,8

831,..,838
	28.0

	
	Repeated
	839
	839
	1,..,32

807,..,838
	115.6

	Type 2


	Normal
	139
	TBD
	TBD
	TBD

	
	Extended
	719
	TBD
	TBD
	TBD


For testing purposes, only one preamble is transmitted with a certain timing offset.  For large cells, the choice of root Zadoff-Chu sequence (u) can affect the detection performance and as a result this parameter should be fixed.  Note that a preamble is uniquely identified by three parameters - The parameters u, v, and NCS. An example of the preamble parameters for testing is provided in Table 2.
Table 2.  Recommended random access preamble for testing.

	Frame structure
	Burst type
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	Type 1
	Normal
	839
	13
	1
	32

	
	Extended
	839
	209
	1
	16

	
	Repeated A
	839
	839
	1
	0

	Type 2


	Normal
	139
	TBD
	TBD
	TBD

	
	Extended
	719
	TBD
	TBD
	TBD


2. Timing Offset: In the tests proposed in [1], low, medium, and high timing offsets are specified.  These timing offsets are naturally dependent on the maximum cell size (which in turn depends on the random access burst type and associated parameters). One approach is to fix the low, medium, and high timing offsets to 25%, 50%, and 75% of the maximum propagation delay associated with the cell size as shown in Table 1.  Another approach is to provide a range (e.g. 5-25% for low timing offset) which is randomly selected in each transmission.  It is proposed that fixed timing offsets based on the cell size be used. 

3. Receiver Search Space: For realistic testing, the receiver will need to search for all 64 possible preambles.  Missed detection and false alarm error rates are then reported based on these detection possibilities.

Preamble Format: For frame structure Type 1, the random access burst (TRA) and cyclic prefix length (TCP) has been agreed[3].
2.5 Diversity schemes

The same models used in [1] can also be used for PRACH simulations.
2.6 Performance measures PRACH

False alarm probability : The first performance measurement for PRACH is false alarm probability, i.e. the probability of detecting a preamble when none was sent.

Missed Detection Error:  Missed or incorrect detection consists of several error cases – detecting a different preamble than the one that was sent, not detecting a preamble at all, or correct preamble detection but with the wrong timing estimation. A timing estimation error occur if the estimation error of the timing of strongest path is larger than 1.04 us.
2.7 Suggested simulation parameters for PRACH
The test for false alarm, i.e. detecting a preamble when none was sent, is independent of channel model and is the same for both FDD and TDD. This requirement is the same for both 2 and 4 receive antennas.

The probability of incorrect detection or not detecting the preamble however needs to be simulated for a number of cases.
2.7.1 Duplex mode and channel bandwidth
Since the performance of RACH is independent of the channel bandwidth in ideal simulations it is suggested to use only 10 MHz for the ideal simulations. Frame structure type 1 and 2 differs though and has to be simulated separately.
2.7.2 Preamble format

There are 4 formats for frame type 1 and 2 formats for frame type 2 to consider.
The need for test of the Repeated B preamble is FFS.

2.7.3 Channel model, timing offset and frequency offset
The following channel models, timing offsets and frequency offsets that each combination should be tested for. 
	Channel model
	Timing offset (fraction of cyclic shift)
	Frequency offset

	AWGN
	0 %
	0 Hz

	
	25%
	0 Hz

	
	50%
	0 Hz

	
	75%
	0 Hz

	ETU 70Hz
	0 %
	450 Hz

	
	25%
	450 Hz

	
	50%
	450 Hz

	
	75%
	450 Hz
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