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1. Introduction

While the procedure for non-synchronised Random Access Channel (RACH) was agreed during the RAN1 and RAN2 Joint Meeting at the LTE Ad-Hoc in Cannes in June 2006 and further refined during the RAN2 #54 Meeting in August 2006 [1], the content of the message sent in the Random Access Preamble and the method used for contention resolution are subject to further discussion.

In a separate contribution [2] we introduced a proposal to use a CQI report as a signature in the RACH preamble message for the reduction of collision probability: this paper presents the details and some evaluation of this CQI scheme in terms of collision probability.

A related paper [3] has also been submitted to RAN1.

2. Discussion

The current status of the discussion in RAN2 on the content of the first uplink transmission is that a random signature is included in the preamble message [1]. The current assumption in RAN WG1 is that the preamble consists of 6 bits, by means of selecting a signature from a set of 64 signatures.

There should be some element of randomness in the signature selection; this reduces the number of times that a further stage of contention resolution during the subsequent higher-layer steps of the RACH procedure has to be used.

It is also further proposed [4], and open to discussion [1], whether some bits among the 6 bits of the signature may be used to carry specific information, e.g. Priority, Cause Value and CQI: if any such information bits are transmitted in the preamble, it is a requirement that the benefits that may be gained by the provision of this information shall not come at the price of any significant increase in collision probabilities.

In [2] we proposed to use a CQI report in the signature in place of a “random ID” field that would carry no useful information. In this scheme the CQI report, which would carry useful information on the downlink reception quality, is profiled to provide a higher degree of randomisation for the reduction of collision probability. 

Indeed the randomness of the CQI Reports can be improved by:

1. Using RACH occasions (where “RACH occasion” refers to the time / frequency resource units in which the RACH preamble may be transmitted) to make the granularity of the CQI reporting finer. For example, by mapping the MSB of the CQI to alternate RACH occasions, the available bits in the preamble can be used for finer resolution and therefore reduce the collision probability. 

2. Setting an appropriate range for the CQI reporting values. If the upper and lower limits of the quantization range for the reported CQI are set to suitable levels, the number of UEs reporting in each CQI “bin” can be made approximately uniform. 

For example, with 3 CQI bits representing 8 CQI “bins”, and an assumption of approximately log-normal distribution of CQI, the distribution of bins giving uniform numbers of reports in each bin is shown in Figure 1 for an arbitrary range of 30dB. 
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Figure 1: Spacing of CQI bins giving uniform probability of occurrence

It is clear that a reasonable approximation to this is to set the edges of the upper and lower bins to suitable values (e.g. 20dB and 10dB respectively in this example), and to use uniform quantization in the intermediate region. The result of restricting the range of the CQI report in this way is shown in Figure 2. 
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Figure 2: Effect of restricting the CQI quantization  range on the probability of occurrence of each quantised value


It is clear from Figure 2 that restricting the range of the CQI reporting in the RACH preamble message can significantly improve the randomness of the values selected for transmission in the preamble, and therefore reduce the collision probability.

We therefore propose that the RACH parameters signalled by the network should include the quantization range for the CQI reports to be included in the unsynchronised RACH preamble message.

For a more detailed analysis of this proposal, we will evaluate in the next section what the impact on the RACH preamble collision probabilities is when allocating 2 or 3 bits of the RACH preamble for the transmission of CQI information with optimized quantization.

3. Effect of CQI Quantization on RACH Preamble Collision Probabilities

For a simple statistical estimate of the collision probability measures, we assume that the number of random access attempts per transmission opportunity follows a Poisson distribution, in line with other companies [5][6].

The probability of k random attempts occurring at one random access opportunity in time is therefore:
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where:

· NT is the number of time slots per second: we assume a value NT=100

· NF is the number of frequency blocks per time slot: we consider the case where NF=1

· Nsig is the number of preamble sequences: we assume here a RACH preamble of length of 6 bits, therefore Nsig=64

The collision probability, i.e. the probability that a UE performs a random access transmission that will collide in the random access opportunity time slot selected [7], is:
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Equation (2) represents the collision probability experienced when random signatures are transmitted in a RACH preamble that carries 6 uniformly-distributed random bits.

If we allocate 2 or 3 bits of the 6 random bits in the RACH preamble for the transmission of 2-bit or 3-bit CQI information, then the collision probability becomes the sum of the collision probabilities for each CQI value, i.e. [6]:

	
[image: image6.wmf]å

=

-

ï

þ

ï

ý

ü

ï

î

ï

í

ì

-

=

M

i

M

N

N

N

p

sig

F

T

i

i

CQI

collision

sig

F

T

i

e

M

N

N

N

p

p

P

1

)

/

(

_

)

/

(

1

g

g


	(3)


where:

· M is the number of different CQI values:

· For 2-bit CQI: M=4 possible CQI values

· For 3-bit CQI: M=8 possible CQI values

· pi is the occurrence probability of ith CQI value out of the M possible CQI values

In the next part of this section, we analyse the results of collision probabilities evaluated for the transmission of 2-bit and 3-bit CQI information for different configurations:

· Purely random selection of the preamble signatures:

· Random signature

· 2-bit or 3-bit CQI values, uniformly distributed across an arbitrary 30dB range:

· 30dB non-centered range

· 2-bit or 3-bit CQI values, uniformly distributed across a restricted (6, 12 or 18dB) range centered on the 50th percentile of the probability distribution of the SIR:

· 6dB centered range

· 12dB centered range

· 18dB centered range

In order to obtain a realistic spread of SIR values for the computation of the CQI, the SIR was simulated for cells with 3-sectors with a frequency re-use of 1 and 10dB or 20dB front-to-back ratio on the eNode B antennas. Further simulation parameters are presented in the Appendix at the end of this document.

3.1 Collision probabilities with 2-bit or 3-bit CQI, 10dB front-to-back ratio
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Figure 3: Collision probabilities with 2-bit CQI, 10dB front-to-back ratio 
The results in Figure 3 show that the choice of an appropriate centered range for the quantization  of the CQI (6dB, 12 dB or 18dB) results in a significant reduction of the collision probability: indeed the results produced with the 18dB centered range case and the arbitrary 30dB non-centered range case are equally quite poor, when the collision probabilities given by the 6dB centered range case are almost identical to the optimal collision probabilities obtained with random signatures.

This suggests that it is beneficial to set a suitable CQI range adapted to the SIR distribution in the cell, and that indeed the use of CQI information bits with an appropriately selected range may produce collision probabilities similar to random signatures while also conveying useful information to the network.
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Figure 4: Collision probabilities with 3-bit CQI, 10dB front-to-back ratio 

Similarly, we observe in Figure 4 that the increase in collision probability due to the introduction of the 3-bit CQI is negligible when compared to the effect of variations in the number of random access attempts.

We can also remark that these results for a 3-bit CQI are noticeably different from the results in Figure 3 for a 2-bit CQI: in Figure 3 the gap between the 6 dB centered range case results and the 18 dB centered range case results was far bigger than it is in Figure 4. Furthermore, in Figure 3 the 6 dB centered range case produced the best results (very close to the random signature case) whereas in Figure 4 it is the 12 dB centered range case that gives the collision probabilities closest to the random signature case. Thus allowing 3-bit CQI reporting enables a wider range of CQI to be signalled, while the effect on collision probability remains negligible. The network would take into account the number of CQI bits available when selecting the CQI reporting range to signal. The more CQI bits that can be signalled, the finer the granularity and the greater the usefulness for the network.

3.2 Collision probabilities with 2-bit or 3-bit CQI, 20dB front-to-back ratio
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Figure 5: Collision probabilities with 2-bit CQI, 20dB front-to-back ratio 
In Figure 5 we observe that the 6-dB centered range and 12-dB centered range cases produce results that are very close to the collision probabilities for the random signatures case. The 18-dB range case, on the other hand, gives slightly worse results than the 30-dB non-centered range case, which indicates that the choice of an appropriate CQI range is indeed important.
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Figure 6: Collision probabilities with 3-bit CQI, 20dB front-to-back ratio 
The results in Figure 6 confirm that the selection of the CQI quantization   range should take into account the size of the CQI report. 

When taking all results from Figures 3-6 into consideration, it appears that the results produced when choosing a specific CQI range, adapted to the SIR in the cell, may vary depending on the size of the CQI information transmitted and the changes in the channel conditions.

However, we can observe that in all the Figures, the choice of a 12 dB centered range for the CQI range always produces better results than the choice of an arbitrary CQI range (30dB non-centered range), and results in collision probabilities that are only marginally higher than for the optimal case of random signatures: it is therefore beneficial to signal an appropriate range for the CQI quantization , adapted to the SIR in the cell, that may be best configured by the network according to the channel measurements.

3.3 Summary of analysis
From the interpretations of Figures 3-6 in sections 3.1. and 3.2, we can conclude that:

· The use of CQI information bits with an appropriately selected range can produce collision probabilities identical to or within a negligible distance of purely random signatures

· It is beneficial to set a suitable CQI range adapted to the SIR distribution in the cell

· The quantization range may be signalled by the network together with the other RACH parameters

4. Conclusions

In this paper we have discussed the details of a reduction of the collision probability in the initial uplink transmission in the unsynchronised RACH, based on a refined quantization of the CQI Reports. 

We propose that 2- or 3-bit CQI reports are included in the signatures in the RACH preamble, and that RACH parameters signalled by the network include the quantization range for the CQI reports.
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Appendix: Simulation Parameters for SIR and Channel Conditions

The evaluation in section 3 of this document is performed by examining the distribution of SIR values in typical scenarios.

[image: image11.png]CDF

LEIS

LE1S

07k

06F

05k

04

LEIS

[ 5 10
SIR (46)

frequency reuse factor 1 diversity, bearmwidth 60, 10 dB bound
frequency reuse factor 1 diversity, bearmwidth 60, 20 dB bound

Eil



To generate the SIR distributions, we assume the following: 

· Antenna pattern 


         and Am = 10 or 20 dB (corresponding to 10 or 20dB front-to-back ratio)
· Lognormal shadowing with standard deviation 8 dB

· No fast fading (e.g. considered to be averaged out over the CQI measurement period)
· Inter-site distance 500 meters

· 3-sectored site

· Path loss model (propagation exponent) 3.76

Figure 7 below shows an example CDF for the SIR distributions obtained under these assumptions for front-to-back ratios of 10dB and 20dB.
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Figure 7 – SIR distributions 
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