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1
Introduction
In [1], it was argued that only two HARQ states were needed for EUL, as opposed to three as in HSDPA. Assuming that this is agreed upon, we will discuss the signal mapping options of the HARQ signal. 

Note that the signal mapping is independent of the physical channel mapping (TDM vs. CDM) of the ACKCH, and refers to the choice of constellation – On-Off keying (OOK) vs. BPSK.
2
Signal Mapping
We make the following assumptions in this section.
· Inter Node-B HARQ is allowed

· No CRC on E-TFICH, similar to R99 TFCI

The signal mapping difference between BPSK and OOK is the following. 

· BPSK

· NAK is mapped to -1

· ACK is mapped to +1

· OOK

· NAK is mapped to 0 (DTX)

· ACK is mapped to +1

2.1
Non Serving Cell
A non-serving cell is the entity that is in the active set of a UE but is not allowed to schedule E-DCH transmissions for it. Therefore, if it is not in the same Node-B as the serving cell, it is unaware whether this UE is allowed to transmit E-DCH or not.

Consider the nominal scenario of a non-serving cell which is in the active set of a large number of UEs that have not been scheduled. These UEs are in DCH state, but not transmitting on E-DCH.

If there is no CRC on E-TFICH, the non-serving cell could decode E-TFICH in two ways.

· Compute most likely codeword (ML decoding)
· Compute set of codewords exceeding an energy threshold (Erasure decoding)

If it performs ML decoding, it always decodes the E-DCH with the most likely hypothesis. Therefore, it always needs to send a NAK.

If it performs Erasure decoding, the thresholds have to be carefully selected for an acceptable false and miss alarms. Every false alarm leads to the Node-B sending a NAK.

In this scenario, there is no justification to continuously expend energy on sending a NAK. The non-serving cell can use transmit power only when needed, i.e., only when ACK is transmitted.
2.2
Serving Cell

A serving cell for a UE is the entity that is allowed to schedule E-DCH transmissions. Therefore, it is always aware whether this UE is allowed to transmit E-DCH or not. Note that this does not necessarily imply that it knows whether a UE transmitted or not – the UE could choose not to transmit if doesn’t have any data left in the buffer or is power limited.

Without any loss in generality, assume the following range of requirements.
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For these requirements, Table 1 compares the analytical required Eb/Nt in AWGN.

	Pa
	Pn
	NAK Eb/Nt

(dB)
	ACK Eb/Nt

(dB)

	
	
	BPSK
	OOK
	BPSK
	OOK
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Table 1
BPSK vs. OOK
2.2.1
Non-SHO and Intra Node-B SHO
Let the residual error rate after N transmissions be 1%. For analytical simplicity, we will assume that for N-1 transmissions, a NAK is sent and an ACK is sent on the last transmission with 99% probability.
The average Eb/Nt needed by the ACK/NAK signal over N transmissions is shown in Table 2.

	Pa
	Pn
	Average Eb/Nt after N Transmissions

(dB)

	
	
	BPSK
	OOK

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N = 1
	N = 2
	N = 3
	N = 4
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	-0.65
	4.51
	5.41
	5.80
	9.77
	6.76
	5.00
	3.75
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	4.36
	5.75
	6.13
	6.31
	11.63
	8.62
	6.86
	5.61
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	-0.54
	5.92
	6.92
	7.34
	10.94
	7.93
	6.17
	4.92
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	4.40
	6.85
	7.44
	7.70
	12.59
	9.58
	7.82
	6.57


Table 2
Average Eb/Nt – Non-SHO and Softer HO
The shaded portions indicate a superior performance between both schemes. 
It is seen that if an ACK is sent after N transmissions, BPSK is a better option than OOK for lower values of N, while OOK is a better option than BPSK for higher values of N.
2.2.2
Inter Node-B SHO

For a given probability of incorrect reception of E-DCH across all radio links, the probability of incorrect reception at any given cell could be much higher. In other words, if the residual error rate of E-DCH is 1%, the residual error rate from each cell could be higher. Further, the requirement on ACK errors is reduced, but the requirement on NAK errors is increased.

For SHO with independent links, the individual ACK/NAK requirements from each cell can be derived as follows.
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Assume that the overall BLER is 1% with a higher residual BLER from each cell. Then, we have:
	Pa
	Pn
	Average Eb/Nt after N Transmissions

(dB)

	
	
	BPSK
	OOK

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N = 1
	N = 2
	N = 3
	N = 4
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	1.05
	5.55
	6.39
	6.76
	6.88
	3.87
	2.11
	0.86
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	1.80
	5.69
	6.47
	6.82
	8.45
	5.44
	3.68
	2.43
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	2.41
	6.91
	7.75
	8.12
	8.21
	5.20
	3.44
	2.19
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	2.97
	7.01
	7.81
	8.16
	9.57
	6.56
	4.80
	3.55


Table 3
Average Eb/Nt – 3-way SHO – Overall E-DCH BLER = 1%
It is seen that OOK outperforms BPSK for N > 1, while BPSK outperforms OOK for N = 1.

Comparing Tables 2 and 3, one can conclude that as the number of independent radio links in the active set increases, OOK starts performing better than BPSK.

3
Summary and Conclusions
In this document, we compared the analytical Eb/Nt for ACK/NAK channel with BPSK and OOK mapping over a range of requirements. 
We observed that OOK performs better than BPSK in the following scenarios.
· Non-serving cell

· Inter Node-B SHO

· Serving cell

· Inter Node-B SHO

· Non-SHO and intra Node-B SHO, if the number of transmissions is high
Therefore, we recommend that OOK from all cells be the working assumption for HARQ signaling when a UE is in inter-Node-B SHO.
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