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1
Introduction
The control information for E-DCH needs to be signaled with every E-DCH transmission and constitutes an overhead to the EUL operation. For an efficient operation, this overhead needs to be minimized to the extent allowed by the target QoS requirement.
In this contribution, we analyze the error requirements and the performance with two candidate structures.
2
Error Requirements

2.1
False Alarm and Missed Detection
A false alarm is a scenario wherein the UE transmits nothing (DTX) and the Node-B declares a valid E-DPCCH. 
A missed detection is a scenario wherein the UE transmits E-DPCCH and the Node-B declares a null (DTX) or invalid E-DPCCH.

Depending upon the Node-B implementation, both scenarios could lead to no errors or soft buffer corruption or increased number of retransmissions.

2.1.1
Case 1

Consider the scenario wherein the Node-B stores the soft symbols from every TTI for every UE, including the case when the UE transmits nothing (DTX). The E-DPCCH and E-DPDCH soft symbols are appropriately soft combined prior to decoding.
In this case, there is no soft buffer corruption due to a false alarm or a missed detection. There are additional L1 re-transmissions.
2.1.2
Case 2

Consider the scenario wherein the Node-B does not store the soft symbols from every TTI for every UE. Instead, it checks whether the current decoded E-DPCCH information is consistent with previous E-DPCCH transmissions.
In case the current decoded E-DPCCH is not consistent with the previous transmission, it needs to decide whether to believe the current E-DPCCH or the previous E-DPCCH.

If the Node-B believes the previous transmission, it discards the current E-DPDCH – in case of missed detection, this leads to additional re-transmissions at L1.

If the Node-B believes the current transmission, it flushes the previous E-DPDCH soft buffer – in case of missed detection, this leads to additional re-transmissions at L1 or L2. In case of false alarm, there are no errors.
In both scenarios, there is no soft buffer corruption – only additional re-transmissions at L1 or L2.
3
Simulations
We consider E-DPCCH with 10 information bits – 6-bits to indicate TB size, 2-bits to indicate RV and 2-bits to indicate a rate request. We compare the performance with and without a 16-bit and a 10-bit CRC. The simulation assumptions are outlined in Table 1.
	Parameter
	Value

	TTI
	2 ms

	Information Bits
	10

	Code
	[30,10] RM code
[60, 26] CC code – K=9
[60, 20] CC code – K=9

	SF
	256 – RM code
128 – CC code

	DPCCH Slot Format
	0

	Channel Estimation
	Enabled

	Inner Loop PC
	Enabled

	PC feedback delay
	1-slot

	PC BER
	4%

	Outer Loop PC
	Disabled
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	Modulation
	BPSK

	Number of Fingers per Antenna
	1-AWGN

	Number of Rx Antennas
	2


Table 1

Simulation Assumptions
3.1
Decoding without CRC
In the first set of simulations, the Node-B computes the most likely codeword and declares it as a valid E-DPCCH.

In the second set of simulations, the Node-B computes the most likely codeword and compares the correlator O/P against an energy threshold. The interference PSD 
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is computed at the receiver and the energy threshold is set at
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. This threshold was computed using simulations. If the correlator O/P exceeds the energy threshold, the codeword is declared as a valid E-DPCCH. Otherwise, null state (DTX) is declared.
3.2
Decoding with a CRC

In this set of simulations, the Node-B computes the most likely codeword and checks CRC. If CRC passes, then the codeword is declared as a valid E-DPCCH.
3.3
Results

Figure 1 shows the E-DPCCH decoding performance in AWGN. Comparing the E-DPCCH performance without a CRC (0.1% BLER) vs. with a 10-bit and 16-bit CRC (1% BLER):
· 16-bit CRC

· Without the energy threshold, the overhead is 2.0 dB smaller without a CRC.

· With the energy threshold, the overhead is 1.5 dB smaller without a CRC

· 10-bit CRC

· Without the energy threshold, the overhead is 1.0 dB smaller without a CRC.

· With the energy threshold, the overhead is 0.3 dB smaller without a CRC
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Figure 1

Missed Detection + Errors
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Figure 2

False Alarm
Figure 2 shows the false alarm rate using DTX detection. It is seen that using an energy threshold, the false alarm rate can be kept at or below
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4
Analysis
The typical arguments against the [30, 10] RM code without a CRC have been summarized below.

Argument 1
Without a CRC, the Node-B has to perform some form of consistency check on E-DPCCH prior to soft combining the E-DPDCH symbols with the previous transmissions.

The Node-B has to always check whether the decoded E-DPCCH is consistent with the previous transmissions, regardless of whether a CRC is used or not. This is due to HARQ in SHO and/or erroneous ACK/NAK signals.

Argument 2

Without a CRC, the Node-B has to compute the interference PSD for energy threshold computation on E-DPCCH.

The Node-B has to compute interference PSD for a variety of purposes – SNR computation for inner loop power control (R99), ACK/NAK decoding on HS-DPCCH (R5), etc. So, there is no additional complexity on the Node-B.
Argument 3
The performance difference between with a CRC (1% BLER) and without a CRC (0.1% BLER) is very small.
Based on the results shown in Figures 1 and 2, we see that the E-DPCCH performance with a [30, 10] RM code and no CRC is always better than the performance with a [60, 26] or [60, 20] CC code.
5
Conclusion

Based on all the points made in Section 4, we propose to adopt a [30, 10] RM code for E-DPCCH with no CRC.
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