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1
Introduction

The probability factors indicated in the MBMS ACCESS INFORMATION message are predefined and identified by an index value. There has been some discussion relating to how many probability values are required and the values they should take. 

This paper identifies one way of defining the probability values. It also shows that the number of values required will depend upon the maximum acceptable RACH load due to MBMS counting and the maximum number of UEs that make the probability test.

2
Discussion

One method for identifying the range of probability values that are required is to select a set that enables the mean RACH load to be constrained to be between lower and upper limits across the complete range of values that can be taken by the number of UEs that perform the probability test. 

i.e. for each possible value of N, where N is the number of UEs that perform the probability test, there will exist a probability factor such that the number of RACH responses will be between upper, TU, and lower, TL, limits. The principle is illustrated in the following diagram.
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Figure 1: Range of responses associated with probability factors 

The values taken by the sequence of probability factors, pi, can be defined by the expression:

pj = (TL/TU)j for j = 0,…,n 

where n+1 is the number of probability values in the sequence and is such that:


Nm.pn < TU where Nm denotes the maximum value of N.

The number of probability values that are required will therefore depend on the maximum number of UEs that can evaluate the probability factor, Nm, and the values of the thresholds TL and TU. 

For the case of a target RACH load of between 1 and 2, TL = 1 and TU = 2, the probability sequence will be:



 pj = 2-j  j =0,…,n 





(1)

The number of values required will be defined by the maximum number of UEs that can complete the test. For Nm = 250 n = 7, for Nm = 500, n = 8 and for Nm = 1000, n = 9.

With this 1-2 target response range, probability factors would be available to trigger mean response rates of 1-2, 2-4, 4-8, 8-16, …. 

The use of pj = 2-j  with n = 7 has already been proposed [1] but, dependent upon the maximum number of UE that can be available for counting this may not contain enough values. If higher RACH response rates were permitted for the larger values of Nm i.e. 2-4 minimum when N = 500 and 4-8 minimum when N = 1000 then n=7 would still be adequate otherwise more than 8 values will be required.

Different values for the TL and TU will result in a different range of probability factors. If the acceptable peak RACH load is increased then the number of probability factors required can be reduced. For example, if TU has the value 3 then the number of probability factors required when N is 1000 reduces to 6 i.e:

pj = 3-j  j =0,…,6

but the probability factors available will trigger response levels of 1-3, 3-9, 9-27 which could be two course to be satisfactory. 

2.1 Utilising all bits in the sequence number range

If n=7 is acceptable in conjunction with (1) then the index value can be signalled with 3 bits in the MBMS ACCESS INFORMATION message. If n=7 is insufficient then 4 bits will be required to signal the index. If four bits are used to signal the probability factor index, then it could be questioned whether probability values should be provided for each index value i.e. 16 values.

One solution that provides 16 values between 1 and 1.10-3 is:

pj = 0.63j  j =0,…,15





(2)

which gives, approximately, the values:

1, 0.63, 0.4, 0.25, 0.16, 0.1, 0.063, 0.04, 0.025, 0.016, 0.01, 0.0063, 0.004, 0.0025, 0.0016, 0.001

which could be enumerated or calculated. Utilising all values would provide additional granularity to the counting process. It would enable probability factors to be selected that give responses in the range: 1-1.6, 1.6 – 2.5, 2.5 – 4.0, 4.0 – 6.3, 6.3 –10.0 etc.

2.2 The effect of MBMS RACH access persistence
At WG2#44 it was proposed that spreading MBMS counting RACH responses over a longer interval than would be the case if normal RACH persistence were applied could enable more responses to be triggered by a probability factor than would otherwise be the case. In turn, this could reduce the number of steps that are required for counting as was illustrated in [2]. 

If the use of MBMS specific persistence factors is adopted then this could reduce the number of probability values that are required because the number of responses that can acceptably be triggered by the probability factor will be greater. 

3
Conclusions

This document has identified a method for defining probability values for controlling MBMS RACH access for counting. 

It is noted that the model currently assumed in stage 3, pj = 2-j  j =0,…,7, may be satisfactory provided that the number of UEs in the cell that perform the probability test is less than 250 or a minimum RACH load greater than 2 is acceptable. Otherwise more than 3 bits will be required to signal the probability factor index.

If 4 bits are deemed to be required to signal probability factor index then consideration should be given to utilising all 16 available values. 

Account should be taken of the use of MBMS specific persistence and the reply received to [3] in estimating the number and range of probability values that are required.
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