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1
Introduction

This Tdoc provides some further analysis of RACH access control for LTE. It is concluded that RACH access control should be provided by a single back off mechanism whose parameters are transmitted, only when required, in the L1/L2+DLSCH that is associated with RACH signature acknowledgement (message 2).

2
Discussion

At WG2#55 the topic of RACH access control was discussed for the first time and the following decision points were identified:

· Is a Nack response capability (possibly with cause) required in message 2,

· Is a back-off mechanism required,

· Is a probability factor random delay mechanism suitable?

It is suggested that additional questions that should be addressed are how fast should the control response time be and how should the control parameters be transmitted. 

Nack Signalling:

A Nack response to a RACH signature transmission indicates that the transmission was detected but the network is unable to respond. An example could be if more signatures were detected than could be responded to on the L1/L2 + DLSCH response resource. The response of the UE to the Nack would be to delay accessing further RACH resources for a period of time. To be useful the Nack should identify the specific signatures that have been detected.

Because a Nack is associated with a specific RACH occasion the delay in signalling the Nack must be short resulting in a fast response by the UE. However, Nack control only applies to UEs whose signature use was detected, it does not apply to UEs making a first access attempt or whose signature use was not detected and consequently its ability to prevent overload is limited. Furthermore, if individual signatures are identified, the signalling cost may be high e.g. a 64 bit bitmap may be required.

Although a UE receives an indication that its signature transmission was detected, because more than one UE may have transmitted the signature it could not be regarded as an indication that power ramping is complete. Therefore it could be concluded that Nack signalling offers no advantage over a general command for UEs to apply a delay before subsequent access attempts.

Back-off mechanism - eNB:

The function of a back-off mechanism, as assumed here, is to force UEs in general to apply a random delay before attempting to use a RACH resource. The size of the delay is set by the control parameters and can be made access class specific or number of completed access attempts specific if required and the additional signalling overhead is acceptable. It differs from Nack signalling because it does not relate to specific RACH attempt.

By introducing a random delay before each RACH access attempt, the average access time experience by a UE is increased but peaks in RACH load resulting from group events can be dispersed. If the back-off control parameters can be changed fast enough then in overload situations RACH attempts can be dispersed in time preventing continuous overload resulting from blocked UEs re-attempting access at the same time. Temporarily blocking access to certain access causes is an extreme form of backoff that can be used to temporarily reduce the overall load on the RACH. 

The method used in UMTS is for UEs to make a random number/ probability factor test at each frame until the test is passed, the probability factor can be dynamically modified via SIB7 with differential UE class behaviour controlled by scaling factors indicated on BCCH. 

Single Mechanism Access Control for LTE:

It is proposed that for RACH access control in LTE:

Normal operation should entail no application of delay before a UE can use a RACH resource i.e. in normal circumstances no back-off should apply. Access delay is to be minimised in LTE and it is proposed that dispersion should be introduced only when overload is detected. A properly dimensioned RACH should not be overloaded in normal operation. If a UE fails to receive message 2 after transmitting a signature it should normally be able to re-attempt at the next RACH occasion.

There is no requirement for a separate Nack mechanism. This seems to offer no advantage relative to the application of a general back-off mechanism.

A single back-off mechanism should be provided to counter overload situations. Overload of RACH signatures is not impossible and a recovery mechanism is required. It is believed that the eNB should be able to detect overload situations through the fraction of signatures detected as used or through its inability to respond to all detected transmissions.

It is suggested that the backoff mechanism should be capable of initiating the application by UEs of a random delay before attempting a RACH access. This would enable the dispersing of access attempts in an overload situation. The capability to block access attempts for certain classes of access may also be useful.

To avoid wasting RACH resources and delaying UE access, the eNB should be able to activate back-off control with minimum delay. The ability to modify backoff control parameters between each successive RACH occasion could be optimum. 

Back-off Control – UE detected:

It is possible that the UE could identify that an overload situation has occurred when a contention is detected. It is suggested, however, that contention detection may not be a reliable indicator of an overload situation, the UE may have just been unlucky, and application of a backoff delay by an isolated UE is thought unlikely to resolve an overload situation but will degrade its access time. For these reasons it is suggested that UE detected backoff is not used within LTE.

Signalling of Backoff Control:

Possibly the best channel for the transmission of backoff control parameters would be the L1/L2+ DLSCH combination that is used for the transmission of RACH signature response messages (message 2). If this were to prove impractical a dedicated L1/L2+DLSCH transmission made within the same time window could be an alternative. 

 The L1/L2+DLSCH option appears to have the following advantages:

Its repetition rate matches the periodicity of the RACH occasions. Should back-off parameters be present they could be applied to the following RACH occasion.

UEs will normally receive this channel after each access attempt. For UEs making a first access attempt there could be a requirement to receive the L1/L2 +DLSCH prior to the first access unless first access attempts are made backoff free.

The capacity of the DLSCH should be flexible. It could be expected that in normal operation backoff parameters would be absent from the transmission. Absence of the back-off information element, or absence of the L1/L2+ DLSCH control channel would indicate that no backoff should be applied.

If, as appears possible, there is no requirement for a UE to receive interference level parameters from BCCH before attempting RACH access, transmitting back-off control in this way would decouple RACH access from a need to receive BCCH, other than to obtain the description of RACH resources.

A possible disadvantage of using the L1/L2 + DLSCH channel is that a UE that does not receive it due to transmission errors would assume that no transmission was made and would not be aware that it may have failed to receive a backoff control message. It is proposed that this weakness is not a significant issue.

A potential alternative bearer for backoff control parameters is BCCH. Whether this option is practical will depend upon the frequency with which the S-BCCH is transmitted or whether capacity is available in the P-BCH. If the spacing of the S-BCCH is significantly greater than the RACH occasion spacing then the ability to respond to a sudden onset of overload could be reduced with the RACH remaining overloaded whilst unsuccessful UEs make repeat attempts in successive RACH occasions. 

Backoff Control Parameters:

It is suggested that the selecting in detail of the parameters to be used for backoff control may be more of a stage 3 rather than a stage 2 task. In particular it would need to be decided whether different parameters/ rules were to apply to different access classes/ causes.

The options available for backoff control are not new and may be limited to the following:

· For barring access to the following RACH occasion a single bit indicator can be used. If selective barring by access class is required then additional bit indicators will be necessary.

· To control a UEs application of a random delay before attempting RACH access at least the following methods an be used:

a) The UE calculates a random time delay T, for example uniformly distributed between T1 and T2, where T1 and T2 are signalled backoff parameters. The UE attempts RACH access at the first opportunity after T.

b) The UE applies a probability factor test at each RACH opportunity to identify whether it is permitted to attempt access at this time. The probability threshold p is signalled as the backoff control parameter. 

In practice there may be little to choose between the two methods a. and b. The use of a probability factor test has the advantage that it can be applied independently, and therefore updated, at each RACH occasion whereas once a backoff time is selected it is not revised, although in principle it could be aborted if the backoff control indicates. A zero probability threshold can act as a blocking command.

One weakness of the probability factor method is that it produces an exponential delay distribution, which may not be an optimum solution; a uniform distribution could be more useful providing an upper limit on UE delay. An example of a potential solution to this weakness of the probability factor mechanism is to scale the threshold value p by a factor k (which would have to be signalled with p) each successive test failure i.e. for the nth successive test the UE applies the test:

random number <  p. k n-1
This can produce a distribution that, whilst not exactly uniform, may be close enough to be acceptable. This is illustrated in the following figure:
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Figure 1. Example of persistence test distortion to modify the delay distribution

From this it is concluded that use of a probability factor test as a solution to the backoff control mechanism may be acceptable. On balance it is suggested that the flexibility of the probability factor option may make it the preferred solution although further investigation is probably necessary.

3. Conclusions

In this Tdoc it has been proposed that:- 

· The backoff procedure for LTE RACH access should take the form of a single procedure rather than separate Nack and backoff components. 

· To minimise the delay between the detecting of an overload situation in the eNB and UEs receiving revised backoff control parameters, the parameters, when needed, should be signalled either within the L1/L2 + DLSCH resources assigned for RACH signature response (message 2) or in a similar resource dedicated to backoff. Absence of a backoff parameter set or absence of the L1/L2 + DLSCH would indicate that no backoff applies.

· UEs receiving a backoff command would apply that command to the next RACH occasion. 

· Probability factor(s) may provide the preferred backoff control mechanism although this may require further investigation. It will need to be investigated whether different factors (scaling) should apply to different UE access classes or access causes or to different numbers of completed access attempts.  

It is requested that these proposals should be discussed and if any elements are accepted that they are captured in [1].

References:

1. TS 36.300v0.4.0

_1226906611.xls
Chart2

		0.1		0.1		0.1

		0.09		0.113		0.117

		0.081		0.124		0.132

		0.0729		0.131		0.143

		0.0656		0.132		0.145

		0.059		0.125		0.134

		0.053		0.108		0.11

		0.0478		0.081		0.074

		0.0432		0.051		0.036

		0.0387		0.023		0.009

		0.0348

		0.0314

		0.0282

		0.0254

		0.0228

		0.0206

		0.0185

		0.0165

		0.015

		0.0134



Exponential p =0.1

p = 0.1, k = 1.26

p = 0.1, k = 1.4

Number of threshold tests completed

Probability



Sheet1

		1				0.02		0.05		0.1		0.2		0.2		0.1		0.1		0		0.1		0.1		0.1		0.1		0.1		0.1

		2				0.03		0.07		0.12		0.19		0.16		0.18		0.113		0.05		0.099		0.108		0.117		0.126		0.135		0.09

		3				0.04		0.09		0.13		0.17		0.13		0.216		0.124		0.1		0.097		0.114		0.132		0.151		0.172		0.081

		4				0.07		0.11		0.14		0.15		0.1		0.202		0.131		0.15		0.094		0.117		0.143		0.171		0.2		0.0729

		5				0.1		0.13		0.14		0.12		0.08		0.151		0.132		0.2		0.089		0.116		0.145		0.173		0.199		0.0656

		6				0.13		0.15		0.13		0.08		0.07		0.0907		0.125		0.25		0.084		0.111		0.134		0.173		0.147		0.059

		7				0.17		0.15		0.11		0.05		0.05		0.0423		0.108				0.077		0.1		0.11		0.112		0.053		0.053

		8				0.19		0.14		0.08		0.02		0.042		0.0145		0.081				0.07		0.084		0.074		0.039				0.0478

		9				0.17		0.09		0.04		0.008		0.033		0.0032		0.051				0.062		0.065		0.036						0.0432

		10				0.097		0.04		0.01		0.001		0.027		0.00032		0.023				0.053		0.044		0.009						0.0387

		11												0.021								0.045		0.026								0.0348

		12												0.017								0.038		0.011								0.0314

		13												0.0137								0.029										0.0282

		14												0.01								0.022										0.0254

		15												0.009								0.016										0.0228

		16												0.007								0.011										0.0206

		17												0.0056								0.007										0.0185

																																0.0165

																																0.015

																																0.0134

																																0.0121





Sheet1

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

										0

										0

										0

										0

										0

										0

										0





Sheet2

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0

		0		0

		0		0

		0		0

		0

		0

		0

		0

		0



Exp, p=0.1

p=0.1, k=1.2

p=0.1, k=1.4



Sheet3

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Exponential p = 0.1

Linear p = 0.1

Number of threshold tests completed

Probability



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Exponential p =0.1

p = 0.1, k = 1.26

p = 0.1, k = 1.4

Number of threshold tests completed

Probability



		





		






