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1 Introduction
As is key feature from Rel-7 for 1.28Mcps TDD, cells deploying multiple-carrier technique is able to deliver a higher data volume and accommodate a larger population particularly in HSPA+ scope. In order to enable supporting an unlimited population and sufficiently share a common pool with DCH state resource, E-RUCCH is extended to multiple carriers, which remarkably makes sense in enhanced CELL_FACH state.
2 Admission control and random access extension

Before proceeding to per carrier admission control concept, the essentials in random access affecting average delay profile are pointed out.

Disregarding of delay caused by inner probability checking procedure, it is observed that the total delay is exactly composed of time delay to complete a successful random access and acknowledge procedure(Figure 1).
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Figure 1. Time delay for a succeed/failed random access procedure

As shown in figure 1, the time delay for a succeed random access procedure τ is equal to
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(1)

Where RTT represents a round trip delay, T1 represents a delay from detecting a valid SYNC_UL to send a corresponding ACK on FPACH, T2 the delay from receiving a valid ACK to start sending UL data, and n is the number of SYNC_UL attempts. The above calculation does not take into account additional delay incurred by inner initiating probability check failure adopted for normal RACH transmission.

As Node B shall send an ACK on detecting a valid SYNC_UL burst at its earliest convenience, thus normally T1 is no longer than 5ms, a gap composing of the downlink time slot where FPACH works to the UpPTS. As T2 is used to force mobile to align itself to non-scheduled E-PUCH consecutive transmission boundary, the value is dynamically changed because receiving time point could be any time and depends on N defined previously. Whatever N is, T2 is considered not as a significant component consisting of an ultimate delay. Thereby the job to minimize τ is equivalent to how to minimize n, i.e. number of SYNC_UL attempts.

Obviously, minimizing n is equal to a problem how to maximize success rate for a single attempt even in a large population.

However, there is still one possibility can’t be denied that in case uplink access time slot may be severely impaired in some time periods, the uplink access attempts on that contaminated carrier will very likely fail. This reversely increases the average delay on overall service time point of view. 

It is worthwhile noting that multiple frequencies per cell offer a redundancy against accidental contamination on one carrier. Thereby in HSPA+ scope, per carrier admission control is anticipated in order to embody system robustness against accidental degradation, and quickly help those ‘blind’ mobiles out of repeating useless attempts.
Per carrier admission control
Actually, the current admission control framework per PRACH could be extended to multiple carriers to fulfil per carrier target. 

NW side:

Node B may base on some L1 defined measurements, e.g. UpPTS interference measurement, or other factors to adjust dynamic persistent level for each PRACH/E-RUCCH. In other word, Node B is able to differentiate the success rate for different PRACH/E-RUCCH on different carrier.
UE side:

Other than equal-probability selection in final candidate PRACH/E-RUCCH set, a multi-carrier capable UE is able to select one carrier for forthcoming random access by utilizing updated dynamic persistent level values for different PRACH/E-RUCCH.

Given that a candidate set is chosen, UE generates a [0, 1) even distribution random number ‘rand’, and select

Index of PRACH/E-RUCCH carrier = 
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Where k is the number of candidate PRACH/E-RUCCH carriers, and
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, ni is the minimum dynamic persistence level on the i-th carrier given that multiple PRACH/E-RUCCHs co-exist on one carrier.

3 Summary
In this paper, random access extension and per carrier admission control is briefed. On top of this, respective procedure at Node B and UE side is elaborated which achieves a maximum resemblance as current mechanism per PRACH. As such it is proposed to endorse per carrier admission control concept in HSPA+ scope and standardize UE behaviour aforementioned to meet this end.
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