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1 Introduction

During RAN2#55, it became clear that several steps of the initial random access sequence would benefit from a low contention probability:

1) the probability that the UE has to restart its access attempt is lowered;

2) the succesfull usage of HARQ for msg3 becomes less dependant on the capture effect;

3) the UL signalling for the HARQ feedback of msg4 becomes less problematic;

4) no special reservations/procedures need to be considered for handover access in the target cell;

In addition a low contention probability might potentially enable combining of msg4 and msg 5. This is further addressed in a separate paper.
Therefore we assume it would be good for RAN groups to target a collision probability below 1E-2. In this contribution we will apply a collision probability of 5E-3 as the target. We will examine whether with the expected asynchronous RACH (aRACH) load from [1] and the currently agreed aRACH characteristics, it is possible to realise this type of aRACH collision probability. 
Furthermore we will conclude the impact of requiring this type of collision probability on the possibilities to transmit other information (e.g. CQI or Cause) with the aRACH signatures.
2 aRACH load <-> UE collision probability 
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Ref [1] concluded on the following aRACH load for a 10Mhz cell:

Figure 1: Estimated aRACH load (10Mhz cell)
Ref[1] also indicated that some 50%-70% of this load is caused by handovers.
Ref[2] indicated the following formula for estimating UE collision probability at certain aRACH load:
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(1)
This formula is basically calculating (1-P0-P1)/(average load), where Px is the probability of x accesses on a signature. However we think this formula underestimates the UE collision probability: it only looks at the  percentage of signatures accessed by more than 1 UE out of the total amount of accessed signatures.  However it does not take into account that every time there are two or more UE’s accessing a signature, this poses a problem to at least 2 UE’s. Thus from a UE point of view, the collision probability is at least underestimated by a factor of 2.

Since we have a large number of UE’s accessing the system, another way of looking at this is possible: e.g. assume we want to consider the case of a cell load of 3000 UE’s. What is the probability that when UE-3001 accesses the system at a random signature, it will experience a collision ?

· after 3000 UE’s, 1-P03000 out of all signatures are in use.

· thus the collision probability for UE-3001 is 1-P03000
Ignoring the difference between 1-P03000 and 1-P02999, we think that in general the best estimation for the UE collision probability is (1-P0), or:
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(2)
Figures 1 and 2 show 2 examples of calculated UE collision probabilities.

[image: image3.emf]0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

10 30 50 70 90 110 130 150 170 190

16 signatures

32 signatures

64 signatures

128 signatures


Figure 2: UE collision probability for different signature sizes

Figure 3 focusses on the range up to 5*E-3:
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Figure 3: UE collision probability for different signature sizes (up to 5*E-3)
If we consider a load of up to 100 access/sec, and a collision probability of 5*E-3, we need to have:
1) 3 aRACH’s with each 64 random signatures (resulting in 192 signatures)
2) 6 aRACH’s with each 32 random signatures, and 1 bit used for other information
One aRACH will only consume 1.25% of the UL resources in a 10Mhz cell (assuming 1 aRACH per radio frame). These results are summarised in table 1.
	Pcol < 5E-3
	Full 64 signatures available for random id
	1 bit of information carried with signatures (assuming 32 random id’s available)

	Normal busy hour aRACH load
(up to 100 access/sec)
	3 aRACH’s

3.75% of UL resources
	6 aRACH’s

7.5% of UL resources

	Normal busy hour aRACH load
(up to 100 access/sec)
	6 aRACH’s

7.5% of UL resources
	12 aRACH’s

15% of UL resources


Table 1: aRACH UL resource usage
We assume an aRACH resource usage of 5% would be sensible. Clearly in most cases in table 1, to many RACH resources are required.
3 Other aspects to consider

Table 1 is only a very rough indication of the amount of aRACH’s that would be required in a cell. For a more accurate assessment several additional aspects need to be taken into account:

a) It might be possible to handle handovers with dedicated signatures rather than with random signatures (if no pre-ranging is applied). E.g. it might be possible to handle a handover with reserving a dedicated signature during e.g. 50ms for each handover. Such an approach will reduce the amount of required aRACH resources due to the reduced “randomness”.
b) In this assessment all handovers are handled equal, i.e. also intra-ENB handovers are assumed to be handled via an aRACH access. However intra-ENB handover might potentially be handled with a direct UL-SCH access. Assuming that 2/3rds of handovers is related to inter-ENB handovers, such an approach with reduce the aRACH handover load with 1/3rd.
c) In this contribution we have so far assumed that when signatures are used for signalling 1 bit of information, the “freedom” of signature selection is reduced by a factor 2. This is however not necessarily correct: e.g. if we are sure that only a minor portion of the UE’s will use e.g. the value “0” for the information (e.g. 10%), then by allocating e.g. 15% of the signatures to “0”, and 85% to “1”, the “freedom” might be much less impacted than by a factor 2. The exact impact depends on how sure we can be of the estimation of which fraction of UE’s will use what value.
Table 2 shows the results for the same cases as addressed in Table 1, but now taking potential benefits from a) (assuming signature reduction down to 10% for handovers), b) (assuming reduction of 1/3rd  in handover cases) and c) (assuming reduction in randomness of  25% instead of 50%) into account:
	Pcol < 5E-3
	Full 64 signatures available for random id
	1 bit of information carried with signatures

	Normal busy hour aRACH load
(up to 100 access/sec)
	1.6 aRACH’s
2% of UL resources
	2.4 aRACH’s

3% of UL resources

	Potentially possible busy hour aRACH load (up to 200 access/sec)
	3.2 aRACH’s

4% of UL resources
	4.8 aRACH’s

6% of UL resources


Table 2: aRACH UL resource usage (with potential optimisations)

The UL resource reservations indicated in table 2 are more reasonable. Note however that still people could argue that assuming a cell change only every 20s is too low, and a cell change every 10s would be more reasonable. This would again increase the numbers above.
4  Conclusion

UL resource usage of aRACH may be very high if we want to keep the UE collision probability low for random access attempts. We should do an effort to make the best usage of the available aRACH signatures leading to 2 conclusions:

1) We should investigate if it is possible to reduce the usage of the aRACH and/or reduce the randomness of the UL aRACH accesses.

· e.g. schemes could be considered at handover in which the target ENB controls the timing and even the signature (dedicated resource) used by a UE.

2) We should be very carefull for using aRACH signatures for the transport of other information. 

· so far schemes have been proposed which use 2 or even more bits of the signature space for signaling information. What can be concluded based on this contribution is that at most 1 bit of information should be carried. Whether or not such a one bit of information could bring significant gains is further discussed in [3].
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