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1
Introduction

At RAN2#54 it was left open whether the eNB response to detecting a signature should be synchronous or asynchronous. This Tdoc proposes that, to make efficient use of downlink resources and prevent blocking, it should be possible for the eNB to transmit a variable number of signature responses, including no responses, following each occasion when RACH signatures are available. It is proposed that this be taken into account when deciding between synchronous and asynchronous transmission.

2
Discussion

2.1 Background information relating to RACH signatures

It is understood that at the times where RACH signatures are available (RACH events), 1.25 MHz of uplink capacity is unavailable for use for other tasks. This holds regardless of whether 16 or 64 signatures are available. Furthermore, signature duration will be from 1 to 4 x 0.5ms dependent on cell size. Reducing the number of signatures available may result in a reduction in the length of signature transmission for a given cell size.

It therefore follows that RACH events can only be available periodically and the inter-event period represents a trade off between loss of UL capacity and delay in obtaining RACH access. Table 1 indicates the capacity loss as a function of the inter RACH event interval when a 1ms RACH signature duration is assumed:

	Interval between RACH events (ms)
	UL capacity Loss in a 5 MHz band (%)
	UL capacity Loss in a 1.25 MHz band (%)

	5
	6.6
	20

	10
	3.3
	10

	20
	1.6
	5

	50
	0.7
	2


Table 1

Taking account of these values and the need to minimise delay in initiating a RACH access, it is suggested that inter RACH event intervals of 10 or 20ms in the case of 5MHz operation and 20ms in the case of 1.25 MHz operation may be a valid working assumption for the purposes of this paper.

2.2 The number of signature responses required per RACH event 
Based on the following analysis it is proposed that:

· It should be possible for a variable number of signature responses to be available following each RACH event.

· Resources should not be reserved for signature response because for many RACH events no signatures will be used.

The requirement that there is a variable number of responses implies that a UE that has transmitted a signature may have to monitor the downlink signalling resources for a period of time dependent upon the signalling method used. An upper limit on this monitoring period could be the inter RACH event (signature) interval.

The basis for this proposal is the following: 

RACH access in the scenario being discussed can be blocked either by:

· Two or more UEs select the same signature resulting in a contention situation.

· If there is insufficient capacity available for a DL response to be made for every signature that is detected.

Signature blocking:

To illustrate the behaviour of these two elements as a function of applied load, Table 2 illustrates the probability that a particular UE selecting a signature will experience contention. 

	RACH attempts per second (based on 10ms event spacing)
	Contention probability 16 signatures
	% load for 16 signatures and 10ms spacing
	Contention probability 64 signatures
	% load for 64 signatures and 10ms spacing

	20
	1.2.10-3
	1.25
	2.9.10-4
	0.31

	50
	6.9.10-3
	3.13
	1.7.10-3
	0.63

	100
	2.2.10-2
	6.25
	5.7.10-3
	1.56

	150
	4.3.10-2
	9.38
	1.1.10-2
	2.34

	200
	6.7.10-2
	12.50
	1.7.10-2
	3.13

	300
	1.2.10-1
	18.75
	3.0.10-2
	4.69

	400
	1.8.10-1
	25.00
	4.6.10-2
	6.25

	500
	2.8.10-1
	31.25
	6.0.10-2
	7.81


Table 2

Note: The probabilities shown above are based on the expression: (r p(r). q(r) where p(r) is the probability that r UEs simultaneously attempt to use the RACH event given the mean RACH load and q(r ) is the probability that another UE uses the same signature as the subject UE selected. p(r ) = mr.e-m/r! where m is the mean load per event and q(r ) = 1- ((n-1)/n)r-1 where n is the number of signatures.

If a target contention probability of the order of 10-2 is intended then the table shows that a load limit of around 5 per-cent of RACH resource can be supported. For the particular, 10ms, scenario examined here this equates to a load in the region of 100 to 300 events per-second. 

Response blocking:

The second capacity limitation is the number of network responses that are possible for each RACH event. Table 3 indicates the blocking probability that would result if the number of responses possible were limited to a particular value.

	RACH attempts per second (based on a 10ms event spacing)
	Maximum number of responses possible per RACH event

	
	1
	2
	3
	4
	5
	6
	7

	20
	1.8.10-2
	1.1.10-3
	5.10-5
	
	
	
	

	50
	9.0.10-2
	1.4.10-2
	1.8.10-3
	1.7.10-4
	
	
	

	100
	2.6.10-1
	8.0.10-2
	1.9.10-2
	3.7.10-3
	6.10-4
	
	

	200
	5.9.10-1
	3.2.10-1
	1.4.10-1
	5.3.10-2
	1.7.10-2
	4.510-3
	1.0.10-3

	300
	8.0.10-1
	5.8.10-1
	3.5.10-1
	1.8.10-1
	8.4.10-2
	3.4.10-2
	1.1.10-2

	400
	9.0.10-1
	7.7.10-1
	5.7.10-1
	3.7.10-1
	2.1.10-1
	1.1.10-1
	5.1.10-2

	500
	9.6.10-1
	8.7.10-1
	7.4.10-1
	5.6.10-1
	3.8.10-1
	2.4.10-1
	1.3.10-1


Table 3

Note: The probabilities contained in the table are calculated using the expression pb = (r p(r ) where the summation is from the maximum number of responses upwards.

Table 3 indicates that the blocking probability could exceed that resulting from contention at the higher loads that the RACH capacity will support unless a number of responses are supported e.g. at least three. But equally it would not be sensible to make resources available for such a number at every RACH event because the frequency with which the higher number is required is fairly low. This is illustrated by Table 4, which illustrates the probability that no signature is used at a RACH event.

	RACH attempts per second (based on a 10ms event spacing)
	Probability of no RACH access attempts

	20
	0.82

	50
	0.60

	100
	0.37

	200
	0.22

	300
	0.14

	400
	0.05

	500
	0.02


Table 4

For these reasons it is proposed that RAN2 should explore with RAN1 the methods by which a variable number of responses can be supported within a time period, for example the inter-RACH event interval, whilst allowing resources to be used for other tasks if no response is required.

2.3 Asynchronous and synchronous response transmission

The following options are identified for signalling the signature responses to a RACH event. It is not intended here to recommend a preferred option:

1. Each signature response could be transmitted using the UL L1/L2 control channel at a TTI within a UE monitoring period (inter RACH event time) dynamically assigned by the scheduler i.e. asynchronously with the RACH event time.

Each transmissions could be identified by a common Id + signature code or by an implicit Id and would define the UL resources the UE should use. The signalling capacity can be re-used if not used for a signature response.

2.
Similar to 1, except that the signature responses are transmitted within a defined set of TTI following the RACH event. If not required for a signature response the resources can be used for other purposes. This could be viewed as synchronous.

This method may reduce the UE monitoring time at the expense of implying an upper bound on the number of responses possible and possibly some reduction in scheduler flexibility.

3. 
Similar to 1 except that the TTI is a function of the signature used i.e. the response is synchronous with the signature. There would be no need to indicate the signature Id, however, a 10ms inter RACH event period may not have sufficient capacity to indicate 64 signatures.

4.
A DL resource block(s) contains the UL resources assigned to each detected RACH signature.

3.
Conclusions

Based on elementary probability calculations it is proposed that for RACH signature response:

· The number of possible DL responses to a RACH event (signature opportunity) should not be fixed but should be flexible.

· Resources should not be reserved for responses but should be capable of use for other purposes.

· To enable this, UEs that have transmitted a signature may monitor for a response for a time period, dependent upon the signalling method adopted. An upper limit on this time period could be the inter-RACH event interval.

