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1. Introduction
During the RAN#62 meeting the new Work Item on Further enhancements to Enhanced Uplink has been approved [1]. The Work Item Description contains a list of identified areas on which the work should focus. In contribution [3] we described the basics of technology addressing the following point in [1]:

“Improved granting for secondary carriers and TDM operation”

During the Study Item phase it has been recognized that the time division multiplexing (TDM) operation can bring significant performance gains in HSUPA system. The existing Serving Grant signalling procedure is limited in a way that it cannot facilitate efficient TDM operation. Several improvements addressing this limitation have been proposed in the Technical Report [2]. During RAN1 meeting #77 the Grant Detection solution has been agreed as a part of Further enhancements to Enhanced Uplink WI. Potential impact of the feature on the UE performance requirements has been discussed in [3][4][5].

In this contribution we present simulation assumptions and initial simulation results of impact of Grant Detection solution on UE performance.   
2. Grant Detection requirements 
The goal of this discussion is to ensure reliable detection of the E-AGCH transmission dedicated to another UE without knowing the E-RNTI of that UE. Two errors that might occur are false alarm (UE detects the E-AGCH which is not present) and missed detection (UE doesn't detect the valid E-AGCH transmission). 
RAN4 specification already includes the E-AGCH demodulation requirement. This however, doesn’t cover the detection of the E-AGCH channel being sent to a different UE when the CRC check is not a sufficient detection mechanism. Hence, two new UE tests might be needed to ensure good performance of Grant Detection:
1. E-AGCH missed detection test for the case when the E-AGCH message is not addressed to the UE but the UE should detect it anyway according to Grant Detection algorithm. This requirement would be important as a UE failing to perform Grant Detection would continue to transmit, even though it was supposed to stop automatically, and would strongly interfere with the newly selected TDM UE. Since in TDM modes the UEs would operate with high bitrates and Absolute Grants it is probable that neither of the two colliding transmissions would succeed. Additionally, such an unpredictable behaviour of a UE would cause severe RoT variations in a cell and possibly in neighbouring cells as well. 
2. False Alarm test for the case when a UE detects an E-AGCH transmission to another UE that didn’t take place. This requirement would be essential for ensuring reliable UE TDM transmission without breaking it due to erratic detection of E-AGCH transmissions that didn’t take place. For longer scheduling periods the false alarm rate increases to it is important for the UE to keep the false alarm probability at a very low level in order for the TDM operation to work. 
3. Simulation assumptions
This section describes simulation methodology and assumptions of Missed Detection and False Alarm Tests in VA30 and AWGN channels due to Grant Detection operation.
3.1. Simulation Methodology

Simulated DL channels include:

· P-CPICH channel required for estimating the channel. This channel has a unique spreading code, and is implemented according to the DL technical specification;

· E-AGCH channel for which the detection performance is being determined;

· Other downlink physical channels which are not modeled directly, but considered as the interference to the E-AGCH channel. For that purpose, a random bit sequence after BPSK modulation is spreaded with an orthogonal channel code of length 256;

Equal transmission power and the thermal noise is used for the test, i.e. Ec/No (or SNR) of 0 dB;

The E-AGCH channel power relative to the total power of the DL signal is varied as a simulation parameter. The E-AGCH power relative to the total power required for the acceptable detection performance is identified
3.2. Assumptions of E-AGCH Detection Method

Proposed algorithm for E-AGCH detection: 

· Perform E-AGCH despreading;

· Calculate the total power of the despreaded signal; 

· Compare the calculated power with a pre-defined detection threshold;

· If the correlation coefficient is above the threshold, presence of E-AGCH is stated and otherwise absence of E-AGCH is stated;

Two types of errors are possible:

· Missed detection –  E-AGCH channel contained in the transmitted signal but it failed to detect;

· False alarm – E-AGCH channel is not contained in the transmitted signal but it was detected;

Two types of simulations are performed:

· Detection threshold selection to fix the FA error at the level of 0.1% and plotting the MD error as a function of the E-AGCH power;

· Detection threshold selection to fix the MD error at the level of 1% and plotting the FA error as a function of the E-AGCH power.
3.3. Simulation Assumptions

a. SISO - one transmit antenna and one receive antenna, no diversity

b. Channels estimation (P-CPICH based): correlation-based;

c. Equalization: rake;

d. Channel models: VA30, AWGN;

e. Physical channels to be turned on for the missed detection test: P-CPICH, E-AGCH and other downlink physical channels;

f. Physical channels to be turned on for the false alarm test: P-CPICH and other downlink physical channels except for E-AGCH;

g. Total signal power to thermal noise: 0 dB.
4. Simulation results
This section provides simulated curves for missed detection probability (with the false alarm probability of 0.1%) and for false alarm probability (with the missed detection probability of 1%).
The curves are shown as a function of the fraction of E-AGCH power in the total power of the transmitted signal (E-AGCH Ec/Ior).
The test result is the E-AGCH power needed to provide missed detection probability of 1% and false alarm probability of 0.1% 
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Figure 1. Simulation results of missed detection probability false alarm probability for Grant Detection operation
Results presented below are reflecting false alarm probability of grant detection. It is worth noting that even though the simulation was done in AWGN the BLER to Missed Detection difference for a given False Alarm does not change in different propagation environments.
In this contribution false alarm probability of 0,1% and 1% have been included. Figure 2 depicts the missed detection probability and BLER of E-AGCH channel as a function of Rx Ec/No for the false alarm probability of 1% and 0.1%. Assuming that the E-AGCH power is high enough to be decoded by all UEs in the sector with the BLER of 1%, corresponding to -23dB RX EcNo, the missed detection probability will be below 0.1% for 1% FAP and around 0.2% for 0.1% FAP. In this range of RX Ec/No the missed detection probability is 5 to 10 times lower than the probability of not decoding E-AGCH correctly.
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Figure 2. E-AGCH BLER and missed detection presented as a function of RX Ec/No in AWGN channel 
A simple link level simulation has been performed to prove that the E-AGCH presence can be detected with high probability by other means than the CRC check. The approach used to detect the grant transmission is described below:

· Decode the E-AGCH irrespectively of its actual presence in the received signal

· Without passing the CRC check and irrespectively of E-AGCH decoding success perform E-AGCH coding and mapping on decoded signal

· Calculate cross-correlation between the obtained signal and the received signal.

· The detection threshold is selected to provide fixed, admissible false alarm probability (1% or 0.1%).

· The missed detection probability is measured as a function of the RX Ec/No

Based on the presented results it can be concluded that presented TDM operation improvement can work with very high reliability. 

5. Conclusion
This document presents initial simulation results of E-AGCH missed detection and E-AGCH false alarm. .
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