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1. Introduction

In order to support HARQ in the enhanced uplink, additional downlink control signalling is required for ACK/NACK transmission. For ACK/NACK signalling, we can think of two possible signalling schemes:

· ACK/NACK transmission by puncturing of downlink DPCH: ACK/NACK bit is embedded into the downlink DPDCH by puncturing and replacing DPDCH bits. The merit is that the limitation of downlink code resource can be avoided, but the impact on downlink DPCH performance is expected. 

· ACK/NACK transmission on a separate code channel(s): ACK/NACK bit can be transmitted using a separate code channel(s) without impact on the downlink DPCH performance. However, the use of separate code channel(s) requires additional downlink code. Also, reception of additional separate code channels may increase the UE complexity.

If the impact on downlink DPCH performance is negligible or could be mitigated with the use of proper algorithms, the ACK/NACK transmission by DPDCH puncturing could be a feasible method. 

In this contribution, we evaluate the impact of the puncturing based ACK/NACK signalling on downlink DPCH performance, and instant ACK/NACK power for a given performance requirement in non SHO.
2. ACK/NACK signalling based on DPCH puncturing

ACK/NACK bit is required to be transmitted and detected with high reliability, since ACK/NACK detection error makes impacts on HARQ functionality. When NACK is erroneously detected as ACK at the UE receiver, it results in a loss of an E-DCH packet. On the other hand, ACK-to-NACK error results in a retransmission of the successfully decoded packet. In those regards, the requirement on the ACK-to-NACK error probability is normally tighter, compared to the case of NACK-to-ACK error. 

We show an example of the ACK/NACK transmission scheme with DPDCH puncturing in Figure 1. Here, ACK/NACK bit is repeated p times for the reliable detection and then inserted into the punctured positions within a DPCH slot. The puncturing position can be selected by a random algorithm.
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Figure 1. An example of ACK/NACK bit puncturing.

3. Simulation results
In this section, we show simulation results for the DPDCH TX power overhead and the required ACK/NACK instant power for a given DPDCH BLER and ACK/NACK error performance requirement. We performed link level simulations for the case of 12.2 kbps speech service under the target BLER of 10-2. 
The following ACK/NACK error requirements were considered in the simulations:

· P(ACK|NACK) = 10-3 and P(NACK|ACK) = 10-2
· P(ACK|NACK) = 10-4 and P(NACK|ACK) = 10-2
Also, the numbers of punctured DPDCH bits considered are as follows:
· No puncturing (identical to the Rel-99 DPCH case)

· 2 bits puncturing within 2ms TTI

· 2 bits puncturing per slot, resulting in 6 bits puncturing within 2ms TTI

The ACK and NACK signals are mapped to +1 and -1, respectively. Considering that the ACK-to-NACK and NACK-to-ACK error requirements are different, we performed simulations for the following two signalling schemes in order to estimate which scheme is more beneficial for the puncturing based ACK/NACK signalling:
· Non-equal ACK/NACK power transmission and zero threshold detection
· Equal ACK/NACK power transmission and fixed non-zero threshold detection
For each of the above two schemes, ACK/NACK signal levels are set to satisfy the given ACK/NACK error requirements. In Table 1, we summarized simulation assumptions.
	Parameter
	Value
	Comments

	TTI
	2 ms
	

	# TX antennas
	1
	No STTD

	Information bit rate
	12.2 kbps (voice) + 3.4 kbps (SRB)
	

	Channel coding
	1/3, Convolutional coding
	

	DPCH slot format
	11
	SF=128, Npilot=8, Ndata1=6, Ndata2=22, NTPC=2, NTFCI=2

	PO1, PO2, PO3
	0 dB
	

	Other DL physical channels
	CPICH, P-SCH, S-SCH, PICH, P-CCPCH
	

	Propagation channel model
	PA3, VA30
	

	Channel estimation
	Ideal
	

	Inner-loop power control
	On
	

	Outer-loop power control
	Off
	

	TPC step size
	1 dB
	

	TPC error rate
	4 %
	

	Sample rate
	1 sample/chip
	

	Geometry factor
	3 dB
	

	DPDCH target BLER
	10-2
	


Table 1. Simulation assumptions
3.1. DPDCH TX power overhead
In Table 2, we show the DPDCH Ec/Ior increase due to puncturing of DPDCH bits. It is noted that DPDCH TX power overhead does not depend on the ACK/NACK signalling scheme and ACK/NACK error requirement, and is mainly determined by the number of punctured bits. From the results, we observe that DPDCH Ec/Ior increase is approximately 0.1~0.5 dB, compared to the case of no puncturing.
	Channel
	No puncturing
	Puncturing 6 bits per TTI
	Puncturing 2 bits per TTI

	
	DPDCH Ec/Ior

[dB]
	DPDCH Ec/Ior

[dB]
	

[dB]
	DPDCH Ec/Ior

[dB]
	

[dB]

	PA3
	-14.0
	-13.5
	+0.5
	-13.7
	+0.3

	VA30
	-19.1
	-18.7
	+0.4
	-19.0
	+0.1


Table 3. DPDCH TX power overhead
3.2. Required ACK/NACK instant power
In Table 3 and 4, we show the instant ACK/NACK power relative to the DPDCH power for the cases of the P(ACK|NACK)=10-3 and P(ACK|NACK)=10-4, respectively. From the results we observe that:
· Total 6 ACK/NACK bits transmission within a TTI: the two schemes show insignificant ACK/NACK instant power. Although not shown here, the two schemes show similar average ACK/NACK power for nominal combinations of ACK and NACK probabilities.
· Total 2 ACK/NACK bits transmission within a TTI: non-equal power transmission scheme, which employs zero threshold detection at the receiver, shows severe NACK power increase for the case of P(ACK|NACK)=10-4. However, in other cases, instant ACK/NACK power is not so significantly high.
	Channel
	ACK/NACK signalling schemes
	# of ACK/NACK bits per TTI= 6
	# of ACK/NACK bits per TTI = 2

	
	
	(ACK EC) /
(DPDCH EC)[dB]
	(NACK EC)/
(DPDCH EC) [dB]
	(ACK EC)/
(DPDCH EC)[dB]
	(NACK EC)/
(DPDCH EC) [dB]

	PA3
	Equal power
	-1.45
	-1.45
	4.1
	4.1

	
	Non-equal power
	-3.5
	0.5
	1.7
	6.1

	VA30
	Equal power
	0.0
	0.0
	5.5
	5.5

	
	Non-equal power
	-2.0
	1.7
	3.5
	7.55


Table 3. DPCH TX power overhead for the case of P(ACK|NACK)=10-3 and P(NACK|ACK)=10-2
	Channel
	ACK/NACK signalling schemes
	# of ACK/NACK bits per TTI= 6
	# of ACK/NACK bits per TTI = 2

	
	
	(ACK EC)/(

DPDCH EC)[dB]
	(NACK EC)/

(DPDCH EC) [dB]
	(ACK EC)/

(DPDCH EC)[dB]
	(NACK EC)/

(DPDCH EC) [dB]

	PA3
	Equal power
	-0.3
	-0.3
	5.9
	5.9

	
	Non-equal power
	-3.5
	6
	1.7
	13.5

	VA30
	Equal power
	1.7
	1.7
	7.2
	7.2

	
	Non-equal power
	-2.0
	4.7
	3.5
	10.5


Table 4. DPCH TX power overhead for the case of P(ACK|NACK)=10-4, P(NACK|ACK)=10-2
4. Conclusion
From the simulation results, we showed that DPDCH TX power overhead due to the DPDCH puncturing is not so significant in non SHO, which is within 0.1~0.5 dB. We also observed that ACK/NACK instant power is within an acceptable range when 2 bits are punctured every slot for 2 ms TTI. As a future work, we need to evaluate the performance in SHO.









