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1. Introduction

Rel-99 does not contain a performance test for AICH detection. It has been previously agreed by RAN4 that AICH performance test should be included into rel-00. Therefore, we propose simulation assumptions and a testing principles for AICH performance test. This document is presented to stimulate the discussion to derive final requirement. 

2. Background of AICH

The acquisition Indicator channel (AICH) is a downlink physical channel, which is used to carry Acquisition Indicator (AI) information. In the beginning of RACH procedure UE transmits a RACH preamble in UL. This sequence is repeated until UE will receive an acknowledgement from node-B. When Node-B detects the preamble it will generate a response to UE using AICH. Response has the same Acquisition Indicator (AI) signature as was used in a preamble. When UE detects AI on AICH and based on result it will send a new preamble with increased power or transmit the message part of RACH or wait, upon the parameters set by network. Detailed slot structure of AICH can be found in TS 25.211, Section 5.3.3.6. Detailed timing of AICH can be found in TS 25.211, Section 7.3.

3.  Simulation ASSUMPTIONS

Simple static propagation condition with white Gaussian noise (AWGN) as defined in Annex B.2.1 in TS 25.101 is proposed to be simulated. This propagation condition has one tap with constant amplitude. Geometry parameter is proposed to be –1 dB as is the case with other tests in static propagation conditions.

It is also suggested to perform simulations in fading channel (Case 3 as specified in TS 25.101). However it is still for further studies to find out whether it is possible to have a final test measurement in fading channel or not. Geometry parameter is proposed to be –3 dB for this simulation. 

The target of AICH performance test is to verify UE's ability to detect AI on AICH. For this purpose the probability of false alarm (Pfa) and probability of correct detection (Pd) of AI signature are introduced. Pfa is defined as a conditional probability of detection of AI signature given that an AI signature was not transmitted. Pd is defined as a conditional probability of correct detection of AI signature given that the AI signature is transmitted. 

Our proposal is to simulate AICH performance with 3 different values for Pfa: 1%, 5% and 10%. Then achieved Pd values will be recorded as will be explained in the next section. We do not have any system level simulations to back up proposed Pfa values at the moment. Some background for these values are given in Section 6 and we are open for any feedback on the proposed values.

Other downlink channels which are present in the simulations are P-CPICH, PCCPCH, SCH, PICH, OCNS and their powers are as specified in Annex C.3.2 of TS 25.101. In addition  some new AICH related parameters are introduced to complete simulation assumptions. They are defined below. 

· AICH Power Offset: The UE is informed about the relative transmit power of the AICH (measured as the power per transmitted acquisition indicator) compared to the primary CPICH transmit power by the higher layers [25.214]. Range of possible values for relative power difference of CPICH and AICH is from –10 dB to 5 dB with 1 dB granularity. [25.331]. We propose that this parameter is used as a variable over its allowed range in simulations.

· Number of other transmitted Acquisition Indicators: AICH may consist of up to 16 Acquisition Indicators. One AI is given for a UE under test and 15 AIs are allocated to other users. Thus the parameter in question equals 15. We consider this as the worst case scenario. 

It is considered that Acquisition Indicator signature, which is used for a given UE under study in simulations will not have any effect on simulations results. Furthermore UE shall choose randomly the used AI signature so there is no way to force UE to use any particular signature in the AICH test. This is essential, to ensure that no implementation is required for testing purposes only.

There are also a couple of parameters related to AICH timing. However they are not considered to be important from AICH detection performance point of view. Thus these parameters are not defined.

All other parameters which were not listed here but are relevant for AICH performance tests should have the value as for the other performance tests in TS 25.101. As an example, such parameters are channel estimation (ideal) and samples per chip (1). 

4. Presentation of simulation results

The target is to present Pd and Pfa as the function of AICH Power Offset. An example of possible outcome of simulation results is shown in Figure 1.
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Figure 1. Example of simulation outcome.

The results should be shown without implementation margin, which should be added to test specification after the agreement of required Pfa and Pd for a given AICH Power Offset value have been achieved. 

5. Test parameters AND REQUIREMENTS

The purpose of this section is to provide a starting point for defining a performance test to be included into TS 25.101 rel-00.

5.1
Detection of Acquisition Indicator (AI)

The receiver characteristics of Acquisition Indicator (AI) are determined by the probability of false alarm Pfa and probability of correct detection Pd. Pfa is defined as a conditional probability of detection of AI signature given that a AI signature was not transmitted. Pd is defined as a conditional probability of correct detection of AI signature given that the AI signature is transmitted.

5.2
Minimum requirement

For the parameters specified in Table 1 the Pfa and 1-Pd shall not the exceed the specified values in Table 2. 

Table 1: Parameters for AICH detection

Parameter
Unit
Test 1
Test 2

Phase reference
-
P-CPICH


[image: image2.wmf]oc

I


dBm/3.84 MHz
-60

Number of other transmitted AI signatures on AICH
-
15
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dB
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AICH_Ec/Ior when all 16 AIs are transmitted*
dB
[TBD]
[TBD]

AICH Power Offset
dB
[TBD]
[TBD]

Propagation condition

Static
[Case 3]

Note that AICH_Ec/Ior is not settable parameter itself. Its value is calculated from other parameters and it is given for information only. (AICH_Ec/Ior = AICH Power Offset – CPICH_Ec/Ior + 10 log(16))

Table 2: Test requirements for AICH detection

Test Number
Pfa
1-Pd

1
[TBD]
[TBD]

2
[TBD]
[TBD]

6. Items for Discussions

· Probability of false alarm Pfa: It is not clear what would be acceptable value  in networks. It would be beneficial to use such values in tests which has background  in real networks. If Pfa is not correctly set following behavior of the system is concluded:

When a UE is sending RACH preambles and in conjunction makes an erroneous decision assuming that network had responded with the positive AI, the UE will proceed the sequence and send the RACH message. Due to false alarm, it is likely that network will not receive correctly the RACH message since it was not even able to receive the RACH preamble correctly. This will reset the procedure and the UE has to start again RACH procedure from beginning. 

In other words, false alarm will cause delays in connection set-up time. From a system point of view, there is no harm due to one extra RACH message since the power of it is under reception level thus will not cause too much interference to the system. Values for Pfa, which were proposed to be simulated, are 1%, 5% and 10 %. 

· Probability of correct detection Pd: The proper value to be used in networks is not clear. It would be beneficial to use such values in tests that have some background in real networks. If Pd is not correctly set following impacts can be seen. 

If a network replies with positive or negative AI and UE fails to detect it, UE will send a new RACH preamble with an increased power level. Then the network replies again with AICH and hopefully this time the UE is able to detect correctly the AI on AICH. Assuming that UE fails to detect AICH only once this causes a delay of one access slot in the sub-channel group used, which equals 12 normal access slots and which corresponds to 16 ms delay in a connection set-up. It needs to bear in mind that other delays will occur as well when setting up RRC connection.

From a network point of view this situation means one extra preamble received with slightly increased power. No values are proposed for Pd in this document. Based on the simulation results further discussion can be taken what should be the correct requirement level.

· Threshold in detection algorithm: Each manufacture has to use a certain threshold (either fixed or more advanced) valid for their detection algorithm. As the detection of AICH has not been specified in 3GPP, this may cause a problem of getting agreement of the possible values for Pd and Pfa. In general, it can be said that requiring lower Pfa values results in lower Pd. Also in AWGN channel it is easier to achieve lower Pfa values for a given Pd value compared to a case in a fading channel. As a way forward it is proposed that each manufacture proposes a required AICH Power Offset value for a given Pd which they can achieve while also Pfa requirement is met. Also a system background argumentation is welcomed when discussing this further.

7. Conclusions

In this document simulation assumptions are proposed for AICH performance tests,  to be included into rel-00. We also provided a first draft of actual text for discussion to be included into TS 25.101. Proposals in this document are presented to initiate the simulation work related to AICH performance tests for rel-00.
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