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1. Introduction
During RAN1 #39 meeting, it was approved to code multiplex E-HICH and E-RGCH of multiple users on a single SF128 channelization code by applying a 40-bit long orthogonal signature sequence [1].  The code multiplexing approach decreases the required Node B transmission power compared to the time multiplexing approach.  However, a drawback to the code multiplexing approach is that the orthogonality may be lost under high Doppler frequency environments.  Also, the code multiplexing approach leads near-far problem due to the dispersion of Hamming distances of each signature. 

To mitigate this problem, code hopping was proposed in [3], although it hasn’t been approved yet.  To randomize code sequence within a UE on each slot might improve the performance of E-HICH and E-RGCH especially for the 10 ms TTI (15 slots) case. However, there is still interference due to the imperfect orthogonality, and this may lead to high False Alarm rate under fast fading environments, since this cannot be observed under the CPICH.
In this paper, we propose to reserve one signature sequence of the Hadamard sequences to estimate the interference level accurately.
2.  Target False alarm and detection threshold in UE
2.1 E-HICH 
<Serving radio link set>

The hybrid ARQ acknowledgement indicator is set to +1(ACK)  or –1(NACK). 
Threshold to detect received signal is needed for the case of miss detection of E-DPCCH in serving Node-B. Taking SHO state into account, E-DPCCH misdetection may be over 10 %. Therefore, tight target False Alarm ratio e.g. near to 10-3 may be necessary. 
<Non serving radio link set>

The hybrid ARQ indicator is set to +1(ACK) or 0 (NACK or DTX). E-DPCCH misdetection probability may be several 10 %. Therefore tight target False Alarm ratio is necessary. (e.g.  10-3)
2.2 E-RGCH

<Serving E-DCH radio link set>

The relative grant is set to +1(UP), 0(KEEP), or -1(Down). Target False Alarm maybe loose compared to E-HICH. However, if False Alarm occurs (KEEP detected as UP/DOWN) when the UE temporarily stops transmission, the granted bit rate falls down to the minimum bit rate; when actually, the network intended to maintain the grant for the UE by transmitting KEEP.  Therefore setting target False Alarm ratio is also necessary for serving E-RGCH.
 <Non serving radio link set>

The relative grant is set to 0(Don’t care) or -1(Down). The same argument for serving radio link also applies for the non serving radio link set.   
2.3 Setting of Threshold to satisfy target False Alarm
If we assume the interference in the terminal as white Gaussian noise, probability to detect Ack (, Up or Down) while nothing was transmitted (DTX) can be expressed as a Q-function involving the threshold and the noise variance.  From this and the target False Alarm rate, the required threshold can be computed. Other methods are also possible to estimate interference. 

Accuracy of interference estimation is essential to achieve good performance with less transmit power, since the higher the threshold we set, the higher the command error rate (+/- 1 detected as 0). 
2.4 Code Reservation

There is interference due to the imperfection of orthogonality on fast fading environments, and this may lead to high False Alarm rate or conservative (high) threshold setting at the UE, since the interference cannot be observed on the CPICH. 

Therefore we propose to use a reserved signature sequence for interference calculation involved in E-HICH and E-RGCH reception. By using a reserved signature sequence to estimate interference, including that due to the imperfection of orthogonality in high Doppler frequency environments, can be observed accurately.  This scheme should be applied together with code hopping scheme [2] if the Hamming distance of each signature is dispersive, which means that the reserved code should also hop. 
4 Conclusion
In this paper, we propose to reserve one signature to estimate interference level including that due to imperfect orthogonality to enhance E-HICH and E-RGCH detection at the UE.  This proposal should be applied together with the code hopping scheme [2] if the Hamming distance of each signature is dispersive, which means that the reserved code should also hop.
We are currently performing link simulations on this scheme, and will provide the results as soon as possible. 
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