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1. Introduction

Carrier aggregation is one of the key features of LTE-A to support wider bandwidth than supported by Rel-8 LTE [1]. So, uplink control channel design to support carrier aggregation should be studied. There have been several contributions on uplink control channel design for LTE-A [2~9]. In this contribution, we discuss our view on uplink control channel regarding ACK/NACK transmission for LTE-A.
2. Uplink control channel for ACK/NACK
For design of uplink control channel for LTE-A system, we can consider the two UE scenarios first. One is the non-power limited scenario, that is, the UE doesn’t have a limitation of uplink transmission power. The other is the power limited scenario that the UE has cell coverage problem.
2.1. For non-power limited scenario
In this scenario, there are mainly two alternatives under consideration [2~9]. One is multiple ACK/NACK PUCCH transmission. The other is ACK/NACK PUCCH selection.
Multiple PUCCH transmission vs. PUCCH selection
In case of multiple PUCCH transmission, the each ACK/NACK corresponding to PDSCH transmitted on each downlink component carrier is transmitted by an independent PUCCH. This alternative does not require a symbol space extension in the PUCCH format 1a/1b structure, and PUCCH resource assignment may simply follow the Rel-8 scheme so that PUCCH resource for ACK/NACK transmission is linked to the PDCCH scheduling each PDSCH. If a specific feature regarding a linkage definition between downlink and uplink component carriers is introduced, a modification of the ACK/NACK PUCCH resource assignment scheme may be considered. Figure 1 shows an example that multiple PUCCH transmission on multiple component carriers.

[image: image1.emf]P

D

S

C

H

P

D

S

C

H

P

D

S

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

A/N A/N A/N

CC #0 CC #1 CC #2


Figure 1
Example of multiple ACK/NACK PUCCH transmission

In case of PUCCH selection, only one of multiple available PUCCH resources is selected to transmit one modulation symbol. A PUCCH resource among multiple resource candidates and a constellation point to be applied to the PUCCH transmission are decided according to combinations of ACK/NACK/DTX states corresponding to multiple PDSCH transmission. PUCCH selection is already defined to support TDD in LTE Rel-8. So, we can reuse this approach in LTE-A with some modification from LTE Rel-8 schemes. Figure 2 shows an example of PUCCH selection.
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Figure 2 Example of ACK/NACK PUCCH Selection
There are several consideration points in comparison between multiple PUCCH transmission and PUCCH selection. Our technical investigation for these two schemes is summarized as follows:
Consideration points

· ACK/NACK/DTX mapping

In case of multiple PUCCH transmission, ACK/NACK/DTX can be supported separately per each PUCCH. Depending on the further RAN1 discussion, details of assignment of multiple PUCCH resources should be investigated further. 
In case of PUCCH selection, ACK/NACK/DTX mapping should be designed well in order to satisfy requirements (e.g. ACK to NACK error, NACK to ACK error, etc). The number of possible hypotheses provided by PUCCH selection is linearly proportional to the number of candidate PUCCH resources and the constellation points of a PUCCH. On the other hand, the number of total required ACK/NACK/DTX states has the exponent of the number of scheduled downlink component carriers and the base of the number of ACK/NACK/DTX states for a PDSCH. The number of ACK/NACK/DTX states for a PDSCH is 3 for a single codeword transmission and 5 for dual codeword multi layer transmission. For example, when a cell transmits 5 dual codeword PDSCHs onto 5 component carriers, the number of total required ACK/NACK/DTX states is actually 55=3125. Therefore, further investigation on how to support the large number of hypotheses (e.g. methods of PUCCH symbol space extension, etc.) as well as the efficient ACK/NACK/DTX mapping (e.g. duplication of ACK/NACK/DTX states to the hypothesis mapping, etc) is necessary.
· CM property

In case of multiple PUCCH transmission, the CM value increase as the number of ACK/NACKs increase. On the other hand, since a single ACK/NACK is always transmitted in case of PUCCH selection, it can reserve single carrier property for uplink control channel and relatively good coverage of multiple ACK/NACK transmission compared to multiple PUCCH transmission. Based on some assumptions, the CM performance of multiple PUCCH transmission using multiple RBs is shown in Table 1.
Table 1 CM performance in case of multiple PUCCH transmission
	
	Same cyclic shifts for multiple PUCCH

Same PUCCH RB distance
	Random cyclic shifts for multiple PUCCH

Same PUCCH RB distance

	# PUCCH
	1 
	2
	3
	4
	5
	1
	2
	3
	4
	5

	MIN
	0.22
	2.77
	3.64
	4.06
	4.30
	0.22
	2.14
	2.77
	3.11
	3.30

	MAX
	1.10
	3.65
	4.55
	4.99
	5.19
	1.09
	2.58
	3.10
	3.32
	3.47

	AVG
	0.71
	3.26
	4.15
	4.57
	4.81
	0.71
	2.36
	2.94
	3.22
	3.39


The CM performance of multiple PUCCH case can vary according to the PUCCH resource assignment details, and so on. In any case, the CM of multiple PUCCH transmission becomes larger than that of single PUCCH transmission. When considering that non-contiguous uplink RB allocation and PUCCH/PUSCH decoupling for non-power limited UE case were already agreed in 3GPP RAN1, an increase in CM due to multiple PUCCH transmission seems not to be a critical consideration point.
· Link-level BER performance

Figure 3 shows preliminary BER simulation results of multiple PUCCH transmission and PUCCH selection. In this simulation, we assume simple 4 bits to 16 hypotheses mapping not considering ACK/NACK/DTX characteristics (4 bits to 16 hypothesis mapping is not optimized in any sense) in PUCCH selection. For the multiple PUCCH transmission, we just simulated 1 bit ACK/NACK transmission via single PUCCH transmission. Interference from other PUCCH channels is not considered. The simulation parameters and configurations are summarized in Table 2.

Table 2 Simulation parameters and configurations

	Parameters
	Value

	Bandwidth
	10MHz

	PUCCH format
	PUCCH format 1

	Channel model
	ETU

	UE speed (km/h)
	3km/h

	Channel estimation
	Ideal, Real (Iterative DFT-based)

	Receiver
	MMSE

	Number of antennas
	1 Tx, 2 Rx


[image: image3.emf]1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-22 -20 -18 -16 -14 -12 -10 -8 -6 -4

Eb/No

BER

multiple PUCCH (ideal)

multiple PUCCH (real)

PUCCH selection (ideal)

PUCCH selection (real)


Figure 3 Preliminary BER performances of multiple PUCCH transmission
 and PUCCH selection
In case of ideal channel estimation, BER performance of two schemes are very similar while PUCCH selection shows a slight gain in high SNR region due to the gain of bi-orthogonal signaling over simple phase shift keying. In case of real channel estimation, PUCCH selection shows gain of around 2 dB over multiple PUCCH transmission. This is due to the higher RS power of PUCCH selection since transmission power for 4 bits ACK/NACK is assigned to one PUCCH in case of PUCCH selection. This gain may not be directly achieved in real system design since other aspects, e.g. inter channel interference, ACK/NACK/DTX mapping details or higher ACK/NACK information size due to the larger number of downlink carrier aggregation and downlink MIMO support. These aspects should be specially considered in case of PUCCH selection.
· Other aspects

In case of PUCCH selection, total transmission power for uplink control channel is concentrated on a single uplink control channel. This may cause high interference to other PUCCH channel. The impact of interference should be analyzed further. And, the number of ACK/NACKs which should be transmitted can be varied according to the number of component carriers, support of spatial ACK/NACK, etc. It would cause specification complexity in order to cover wide range of the number of ACK/NACKs.
2.2. Power limited scenario
Even for the power-limited LTE-A UEs, there can be a possibility for the UE to receive multiple PDSCHs on multiple downlink component carriers. In this case, the UE can not transmit multiple ACK/NACK bits due to transmission power limitation. So, ACK/NACK bundling as in LTE Re-8 TDD can be considered. In this method, ACK/NACK bundling is performed per codeword across multiple component carriers by a logical AND operation of all the corresponding individual ACK/NACKs.
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Figure 4 Example of ACK/NACK bundling
Figure 4 shows an example that bundled ACK/NACK is transmitted on a single uplink component carrier. ACK/NACK bundling will cause downlink throughput degradation since this causes unnecessary retransmissions. However, ACK/NACK bundling can maximize the uplink control channel coverage. So it is suitable for power limited UE.
3. Summary
In this contribution, we discussed possible alternatives of uplink ACK/NACK control channel transmission for LTE-A. Our views on uplink ACK/NACK control channel for LTE-A are summarized as follows;

· In non-power limited case
· Pros and cons on multiple PUCCH transmission and PUCCH selection should be analyzed further considering design issues, CM property, performance and other aspects.
· Other technical proposals supporting multiple ACK/NACK/DTX feedback should not be precluded at this stage.
· In power limited case, ACK/NACK bundling can be considered.
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