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1. Introduction

On the Malmö meeting some conclusions were achieved concerning the control of RACH preamble transmissions. 

According to the current scheme there are three different cases, in which RACH preambles are sent:

a) The UE sends a RACH preamble for the very first time after power on, or after it has transmitted a RACH message part. This is called here first-type preamble transmission.

b) The UE sends a RACH preamble after receiving a NACK. This is called here a second-type preamble transmission.

c) The UE sends a RACH preamble after the time-out for receiving an ACK or a NACK has elapsed, (case of no acknowledgement). This is called here a third-type preamble transmission.

An open issue is still, how the case of a NACK should be handled. Philips proposed in [1] that in addition to the persistency value (PI), that governs the first- and third-type preamble transmissions, for second-type preamble transmissions (after a NACK is received), an additional persistency PII value, which can be different from PI, should be used. This means that the UE applies the same mechanism to draw a random number R for all three different preamble transmission types. The only difference is, against which persistency value the random number R is tested. For first- and third-type preamble transmissions this would be PI, for second-type preamble transmissions this would be PII. PI and PII would be broadcast via the BCCH so that the S-RNC can set PI and PII  according to the current traffic situation in the radio cell.

This proposal was not yet accepted since there was another proposal by Ericsson for the case of receiving a NACK, that uses the random draw of a uniformly distributed delay time (back-off time) followed by drawing a random number R, which is then again tested against (the only persistency value) PI. Fig. 1 shows the Ericsson proposal. The important parts for second-type preamble transmissions are coloured in grey.
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Fig. 1 Ericsson proposal: When a NACK is received, both a random delay drawn from a uniform distribution is added and a persistency check is made.

The following Fig. 2 shows the Philips contribution, where only persistency checks are required. A third persistency probability is added for third-type preamble transmissions, the benefit of which is FFS. The current assumption is that PIII = PI  so that there is no need to further broadcast a PIII  .
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Fig. 2: Philips proposal: only persistency checks. 
A preamble transmission, that receives a NACK, becomes a second-type preamble transmission.

A preamble transmission, that does not receive an ACK (no ACK) becomes a third-type preamble transmission, if the UE again starts a power-ramping phase. Depending on the preamble transmission type the persistency check is done based on PI, PII, or PIII . The current assumption is that PI = PIII so that there is no need for signalling a third persistency value PIII.

2. Advantages of controlling RACH preamble transmissions only via persistencies

Using a persistency based approach, the resulting random delay is geometrically distributed. The distribution is uniquely determined by the persistency probabilities PI, PII, and PIII for each of the three different types of preamble transmissions. By changing dynamically PI, PII, PIII, it is possible to change the distributions according to the current traffic situation. As a consequence, no significant difference will be visible, whether the persistency check alone or a random delay followed by a persistency check is done, as proposed by Ericsson.

On the other hand there is no real good reason to have for second-type preamble transmissions both a random delay and a persistency check in sequence. From the implementation point-of-view this is not really convincing, since for processing when a NACK was received, a random delay has to be drawn although the drawing of a persistency is already implemented for first-type preamble transmissions. 

With the persistencies-only approach, there is no need for two different mechanisms to generate delay (drawing a random delay and a random number that decides about transmission permission). Only for the test of the random number against the persistency value, another value for comparison is used – a very straight-forward way to do it.

Furthermore, the persistencies-only approach allows to differentiate different preamble transmission types in terms of their expected throughput with fewer parameters to be broadcast: The reason for receiving a NACK can be different (see below). It can make sense to prioritise the preamble transmission after a NACK was received, or to further delay the preamble transmission. Both cases can, of course, also be achieved by drawing a uniformly distributed random delay followed by a persistency check. Then however it is necessary to broadcast both the lower and the upper bound of this distribution. Comparing with the persistency-only approach, we have the following table:


Persistencies-only approach
Random delay followed by a persistency check 

(combined approach)

Parameters to be broadcast periodically
PI, [PIII]
P, TBO min, TBO max

Parameters to be broadcast only if a NACK occurs
PII
none

i.e. at least one parameter more has to be broadcast periodically using the combined approach. In principle also PII could be broadcast regularly as proposed in [1], in which case, however, the load on the BCH is higher, and the means to differentiate different reasons for NACK is not as good as when broadcasting only if a NACK occurred.

3. Cases where a NACK would be transmitted

Currently, there are three different cases to be seen when a NACK would be sent to a UE having tried to access the RACH. 

The most important case for the network to send a NACK is certainly when

1. A UE has sent a preamble with an initial power level that is much too high.. 


In this case, there is a need for an immediate reaction of the network to this UE in order to avoid the UE to continue transmitting with the too high power, which will mean a considerable reduction of the QoS of e.g. dedicated connections. The UE’s reaction in this case would be that it would have to immediately reduce the power to an acceptable level. However, the fast acknowledgement on L1 level would not allow to express the power difference. The only way to explicitly control the power would have to be done via the BCCH, which would have to carry additional information on the power allowable for each preamble. The persistency probability for this case should be lower than for first-type preamble transmissions in order to smooth the interference generated per UE, since the base station cannot know the absolute transmission power of the sending UE, and in the next preamble transmission the sending power might still be too high. 

Furthermore, it could be possible to bar a UE completely by setting the persistency probability to zero.

Another case of basic interest is that of 

2. a UE transmitting a preamble if the interference situation is so bad that the associated message part would not be able to be sent anyway. 


In such a situation a NACK would allow some type of flow control related to the current interference situation. A UE receiving a NACK for this particular reason should access the RACH with lower probability in order to smooth out the current interference problems. In such a case, typically also the first-type preamble transmissions should be delayed, i.e. PI  should also be reduced. 

Finally, it was already discussed on the Malmö meeting that 

3. a temporary hardware resource shortage on the base station could also result in a NACK. 


A UE receiving a NACK for this reason should be allowed to access the RACH in a prioritised  manner, since the resource shortage is regarded as a very short lasting event, and this reason for a NACK is not related to the interference situation.

3.1 Identifying the type of NACK via the BCCH

Given these three reasons for sending a NACK, the need arises to be able to distinguish between the reasons for a NACK. Since L1 has no further means to express the reason of the NACK (ACK and NACK are coded by using different phases on the AICH), an additional message via the BCCH is seen as necessary.

This would mean that a UE after receiving a NACK has to start listening to the BCCH (in this case mapped to the FACH) in order to find out what the reason for the NACK was in order to then decide what to do.

The BCCH will carry information elements that identify the preamble, which was NACK’d, the reason for the NACK, which can be

1. reduce the transmission power by a (predefined) amount (since the initial power was too big)

2. try again later with the reduced persistency PII since the current interference situation does not allow further RACH attempts 

3. try again later with the increased persistency PII since there is a temporary shortage of HW resources that will soon be resolved.

4. Others (FFS)

and the persistency probability (depending on the preamble that was NACK’ed) to be used for the following second-type preamble transmission.

Note that these information elements will only be sent on the BCCH if a NACK was generated. Since the current view is that NACKs are generated rarely, dealing with NACKs would not cause considerable load on the BCCH. Furthermore, there is only a need to broadcast the persistency probability PI  for first-type accesses regularly.

3.2 L1 and L3 control data exchange

L1 has to inform RRC about the count of NACKs generated and the very preambles which were NACK’ed. By means of these data, RRC would determine PII for each NACK’ed preamble and take further actions. 

Since some RRC functions were already decided to be located either in node B or in CRNC [2]

 REF _Ref466312381 \n \h 
[3], determination of PII could be added as a further RRC function to be located in node B so that the delay to be expected for determining PII is minimal (not higher than 1 frame), and an efficient means to differentiate between reasons for sending a NACK is available.

4. Proposal

Since the combined approach of drawing a random time followed by drawing a random value R with persistency check for dealing with the RACH access after having received a NACK, is from an implementation point-of-view more complex than the persistencies-only approach (without providing any advantage), and the number of parameters to be broadcast is at least by one higher in the combined approach compared with the persistencies-only approach, it is proposed 

I.    to adopt the persistencies-only approach.

Furthermore, to allow for a differentiation between different reasons for a NACK, it is proposed

II.1 
to adopt the (non-periodic) transmission of further details about the preamble, to which the NACK refers, and a second persistency probability PII via the BCCH. 

PII is not regularly broadcast, but only sent on the BCCH, if a NACK was sent. If several NACKs are sent in the same frame, the BCCH contains for each preamble, that was NACK’ed, an individual value for PII in order to be able to deal with the case that e.g. one UE sent with too high initial power-ramping power, and other UEs are NACK’ed, because of a temporary processing power shortage.

II.2
to let the persistency probability PI for first-type preamble transmissions be broadcast as already defined in 25.321.

II.3
To have some flexibility for third-type preamble transmissions (i.e. after no acknowledgement was received after the time-out, known example: UE is shadowed, and therefore its preamble is not received by a base station) to define a third persistency probability PIII , which may also be broadcast, and which governs preamble transmissions after the time-out has elapsed. Current assumption is that PIII = PI (i.e. there is no need to broadcast PIII), but this might change, when other reasons for receiving “no acknowledgement” are found.

II.4
To define the RRC function “PII determination for each NACK’ed preamble transmission”, which is located in node B (or CRNC if node B is not feasible).

If WG2 cannot agree to the necessity to differentiate NACK reasons, the persistency-only approach should mean the regular broadcast of both PI and PII, since it provides the same functionality as in the current description in 25.321, but reduces the number of parameters to be regularly broadcast by 1 so that the load on the BCH for RACH preamble transmission control would be reduced by 20%-30%.

5. References

[1] TSGR2#7b63, Persistencies controlling access to the RACH, source: Philips

[2] TSGR2#7a87, Modification of termination point for BCH, source: Ericsson.

[3] TSGR2#7C46[c47], CR to 25.321 [25.301] according to A87, source: Ericsson.
� The term first-type preamble transmission corresponds to first-type access used in � REF _Ref464881178 \n \h ��[1]�. The term second-type preamble transmission corresponds to second-type access used in � REF _Ref464881178 \n \h ��[1]�.
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