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1. Introduction

In current TR 25.814, two types of control information are described [1]. One is the data-associated control signalling which is used for uplink data demodulation (e.g., transport format and HARQ related information) and the other is the data-non-associated control signalling which is used for downlink scheduling (e.g., ACK/NACK response to downlink transmission and CQI) or uplink scheduling (e.g., scheduling request). In this contribution, we consider several aspects of the data-non-associated control signalling in E-UTRA uplink, especially focusing on ACK/NACK and CQI transmission. 

2. Transmission of the data-non-associated control

In this section, we consider ACK/NACK and CQI transmission in uplink. 

2.1 Multiplexing of ACK/NACK and CQI

UE should transmit ACK/NACK and CQI for downlink transmission, but both signaling may not be always transmitted in the same sub-frame. That is, UE can transmit ACK/NACK only or CQI signaling only in one sub-frame. We can consider two possibilities for ACK/NACK and CQI multiplexing: 

· Option 1: single DFT operation for ACK/NACK and CQI
· Option 2: separate DFT operation for ACK/NACK and CQI (DFT operation may not be applied to ACK/NACK transmission)

When option 1 is assumed, the frequency resource for ACK/NACK and CQI should be reserved regardless of their transmission. This may result in inefficient usage of uplink frequency resources. When option 2 is assumed, the frequency resource can be managed relatively efficiently. Therefore, we suggest ACK/NACK and CQI are mapped to independent frequency resources and transmitted independently from each other. However, we should investigate its impact on the power de-rating characteristics.

2.2 ACK/NACK transmission

The current assumption on uplink control signaling is that the L1/L2 control signaling information is time-multiplexed with data. We discuss ACK/NACK transmission in TDM option.

In TDM option, ACK/NACK and/or CQI are transmitted within one symbol in sub-frame. In order to meet the performance requirement of ACK/NACK, ACK/NACK bit may be repeated to N bits. Then, we can consider several possibilities as shown in figure 1. In figure 1(a), since the same ACK/NACK is repeated before DFT operation, the output of DFT is limited to single frequency resource. In figure 1(b), ACK/NACK is repeated in frequency domain and directly mapped to frequency resources. In figure 1(c), ACK/NACK is repeated and scrambled or mapped to a sequence before DFT operation. In figure 1(d), ACK/NACK is repeated and scrambled or mapped to a sequence in frequency domain. Scrambling or mapping to a sequence in figure 1(c) and (d) is used to improve the power de-rating characteristic. 

We can consider 3 mapping possibilities: localized mapping to consecutive subcarriers (type 1), distributed mapping within the assigned resources (type 2), and distributed mapping over whole uplink transmission band (type 3). For comparison, we evaluate the BER performance when 6 frequency resources are allocated for ACK/NACK transmission with and without scrambling. When employing scrambling, we use a PN sequence. The simulation assumptions are summarized in table 1.

[image: image1.emf]ACK

DFT

Mapping to

sub-carrier

IFFT

(a)

Mapping to

sub-carrier

IFFT

(b)

ACK

N

N

N

ACK

Mapping to

sub-carrier

IFFT

N

Scrambling or

sequence mapping

DFT

N N N

(c)

Mapping to

sub-carrier

IFFT

ACK

N

N

Scrambling or

sequence mapping

N

(d)


Figure 1. The ACK/NACK transmission in TDM option. 
(a) ACK/NACK is repeated before DFT operation, 
(b) ACK/NACK is repeated in frequency domain and mapped to frequency resources, 
(c) ACK/NACK is repeated and scrambled or mapped to a sequence before DFT operation, and 
(d) ACK/NACK is repeated and scrambled or mapped to a sequence in frequency domain.

Table 1. Simulation assumptions for the BER performance of ACK/NACK transmission.

	Bandwidth
	10 MHz

	ACK/NACK repetitions
	6 repetitions: 6 frequency resources within one LB

· No scrambling

(a) 6 repetition before DFT operation

(b) 6 repetition in frequency domain: type 1/type 2/type 3

· Scrambling

(c)  6 repetition before DFT operation: type 1/type 2/type 3 

(d)  6 repetition in frequency domain: type 1/type 2/type 3

	Channel
	ITU Ped B

	Mobile speed
	3 Km/h

	Pilot allocation
	· No scrambling

(a) 6 repetition before DFT operation: 1 per SB

(b) 6 repetition in frequency domain

· Type 1: 3 per SB

· Type 2: 6 per SB

· Type 3: 6 per SB

-   Scrambling

(c)  6 repetitions before DFT operation: 6 per SB

(d)  6 repetition in frequency domain 

· Type 1: 3 per SB

· Type 2: 6 per SB

· Type 3: 6 per SB

	Channel estimation
	Real

	ACK/NACK modulation
	QPSK

	Number of rx antennas
	1

	Receiver algorithm
	MMSE
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Figure 2. Comparison of the BER performance of TDM options. (a) BER performance when no scrambling is applied and (b) BER performance when scrambling is applied.


As shown in figure 2, the ACK/NACK transmission without DFT operation shows better performance. In that case, the performance difference is relatively large when no scrambling is applied. We can see that the distributed mapping (type 3) outperforms the localized mappings (type 1 and type 2). This gain results from the frequency diversity gain. However, note that the performance benefit of the type 2 over the type 1 is significant. When ACK/NACK is transmitted without DFT operation, the impact of the scrambling on the performance is small (e.g, < 1 dB). 

In uplink, the power de-rating characteristic should be considered carefully. For comparison to the case of normal data transmission, we assume that the reference case is when UE transmits data in one RU. The impact of the mapping method (type 1, type 2, and type 3) on the power de-rating characteristic is very small in our simulation. In table 2, we summarize the power de-rating characteristic for various TDM options in figure 1. As shown in table 2, the power de-rating performance of option (b) and option (d), in which ACK/NACK is repeated in frequency domain, is worse than that of the reference case. However, power de-rating performance in option (b) and (d) may be improved by use of well-defined sequences rather than random scrambling sequence. Also, we can guess that the less repetition factor of ACK/NACK ( e.g < 6) would improve the power de-rating performance.

Table 2. Power de-rating characteristic for various TDM options.
	TDM options
	No PSF
	PSF

	
	PAPR (dB)
	CM (dB)
	PAPR (dB)
	CM (dB)

	Reference case
	5.85
	1.03
	5.90
	1.05

	(a) DFT, no scrambling
	0.00
	-0.82
	0.5
	-0.82

	(b) No DFT, no scrambling
	7.78
	6.22
	8.28
	6.25

	(c) DFT, scrambling
	5.44
	0.94
	5.45
	1.00

	(d) No DFT, no scrambling
	7.00
	2.78
	7.03
	2.79


3. Conclusions

We discuss the multiplexing of ACK/NACK and CQI in terms of DFT operation. We also investigate the transmission of the ACK/NACK in uplink in terms of the performance and the power de-rating characteristic. Our observations are as follows:

· ACK/NACK transmission with DFT and no scrambling shows the worst performance but shows the best power de-rating characteristic.

· ACK/NACK transmission with no DFT and no scrambling shows good performance but shows the worst power de-rating characteristic.

· ACK/NACK transmission with DFT and scrambling shows good performance and good power de-rating characteristic.

· ACK/NACK transmission with no DFT and scrambling shows the best performance but shows degradation of the power de-rating characteristic.
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