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1
Introduction
At the end of the EUL SI phase in RAN1, it was seen that HARQ provides significant gains in uplink capacity [1]. Section 9.2.3 of [1] is empty since we could not agree to the results from all companies in RAN1. In [2], a few ACK/NAK simulation results from SI phase were summarized.

In section 7.5.1 of [1], different options to support DL signaling are discussed. The following is a summary.
· Using DPCH

· Puncturing DPDCH bits
· New Slot Format with extra field in DPCCH
· New OVSF code channel

· Dedicated to each UE
· Shared by multiple UEs by CDM or TDM manner
In this document, we will assume that HARQ is allowed for E-DCH. 
Instead of discussing the channel structure associated with ACK/NAK, we will discuss the following issues in this document.
· BPSK vs. OOK Signaling
· Operation in SHO

· Dual state vs. Tri-state Signaling
2
Signaling Analysis
The ACK/NAK channel signal mapping poses an interesting challenge. The optimal solution depends upon the error requirements, average number of transmissions and SHO status of UE.
The notation in this section is as follows.
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The first error leads to retransmissions in L1, while the second error leads to RLC retransmissions. Since these requirements will be given to RAN1 from RAN2, we will keep them flexible and within a reasonable range.
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2.1
BPSK vs. OOK
The signal mapping difference between true BPSK and OOK is the following. For BPSK:
· NAK is mapped to -1

· ACK is mapped to +1

Using OOK, we have:
· NAK is mapped to 0 (DTX)

· ACK is mapped to +1

Table 1 compares the analytical required Eb/Nt in AWGN. This Eb/Nt is an analytical expression and is a lower bound. The exact values can be computed from simulations, depending upon the ACK/NAK channel structure.
	Pa
	Pn
	NAK Eb/Nt

(dB)
	ACK Eb/Nt

(dB)

	
	
	BPSK
	OOK
	BPSK
	OOK
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Table 1
BPSK vs. OOK
2.1.1
Non-SHO and Softer HO
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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	7.34
	10.94
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	6.17
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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.
2.1.2
SHO

A UE in SHO benefits from macro-diversity with HARQ. The system coverage and fairness improves as well. However, 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.

For instance, for 3-way SHO with independent links, if the probability of incorrect reception of E-DCH is 1%, the probability of incorrect reception at each cell is 21.54%.
Table 3 shows the average Eb/Nt needed by the ACK/NAK signal over N transmissions in 3-way SHO.
	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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	2.24
	5.09
	5.74
	6.03
	8.76
	5.75
	3.99
	2.74
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	4.99
	5.99
	6.28
	6.41
	10.62
	7.61
	5.85
	4.60
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	6.57
	7.27
	7.59
	9.93
	6.92
	5.16
	3.91
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	5.59
	7.22
	7.66
	7.86
	11.58
	8.57
	6.81
	5.56


Table 3
Average Eb/Nt – 3-way SHO

Again, the shaded portions indicate a superior performance between both schemes. 

It is seen that OOK outperforms BPSK for N ≥ 3, while BPSK outperforms OOK for N ≤ 2.

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.

In two scenarios, it is possible for a cell to never send an ACK:

· Link imbalance
· Non-serving cell trying to ACK a non-served UE

In this case, it always makes sense to use OOK.

2.2
Tri-state Signaling
As stated in [3] that for serving cell/s, it is possible to multiplex scheduling signals with ACK/NAK signals.

For instance, a CONTINUE command can be interpreted as a new scheduling grant, identical to the previous one. Denoting ACKC as the state when the CONTINUE command is multiplexed with an ACK, we have:
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A tri-state signal mapping is defined as:

· ACKC mapped to +1

· NAK mapped to 0 (DTX)

· ACK mapped to -1

Table 4 compares the analytical required Eb/Nt in AWGN between dual state OOK signaling (as shown in Table 1) and tri-state signaling as described above. Note that in both cases, NAK is mapped to DTX.
	Pa
	Pn
	ACK  or ACKC Eb/Nt

(dB)

	
	
	Dual State
	Tri State
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	11.27

	
[image: image38.wmf]2

10

-


	
[image: image39.wmf]4

10

-
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	12.87


Table 4
Dual vs. Tri State Signaling
It is seen that the Eb/Nt with tri-state signaling is 0.24 dB to 0.39 dB more than that for dual state OOK signaling. The relative Eb/Nt increase is rather small.
3
Summary
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 when the number of transmissions is high, while performing worse when the number of transmissions is low

· As number of independent radio links in active set increases, OOK performs better

· For a cell that never sends an ACK, OOK is always better

· The increase in Eb/Nt associated with tri-state signaling compared to dual state OOK is small

For optimal performance, this analysis indicates that the rules for serving and non-serving cells could be different.
· Non-serving cells

· OOK signaling

· Serving cells

· BPSK or Tri-state signaling depending upon whether scheduling information is multiplexed with ACK/NAK signals

These schemes, along with exact Ec/Ior values in different channels, scenarios and exact ACK/NAK channel structure, need further studying.

4
Conclusions

It is seen that by optimizing the signal mapping, the DL signaling load associated with HARQ can be kept small in non-SHO and SHO regions.

Therefore, we recommend that HARQ be supported for E-DCH in non-SHO and SHO regions.
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