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1. Introduction

At the Sorrento Meeting, RAN1 agreed on the basic multiplexing method for the PUCCH [1] 

 REF _Ref169347360 \r \h 
[2] . The combination of 12-length CAZAC sequence and orthogonal covering (block-wise spreading) scheme is used as the user multiplexing scheme [3] .
Regarding cyclic shifts of 12-length CAZAC sequences, some contributions [4][5] proposes maximum usage of the cyclic shift (i.e. The different set of the cyclic shift values are assigned to the different block-wise spreading codes) for reducing the inter-code interference and showed its performance benefits. Regarding orthogonal covering scheme, [6] proposes a certain combination of the block-wise spreading codes, which is useful in the presence of high speed UEs [6] .
In this contribution, we propose the code design for UL ACK/NACK channel. The design is especially useful in the presence of high speed UEs. 
2. UL ACK/NACK structure proposal
In current working assumption, ACK/NACK part of PUCCH uses "1 of 6 cyclic shifts within a LB" and "1 of 4 Block-wise spreading codes". On the other hand RS part of PUCCH uses only 3 orthogonal covers. So 18 simultaneous usages of cyclic shifts/Block-wise spreading codes are available.

Based on the discussion in [4] - [6]  we propose to use following techniques. If one high speed UE exists, the performance of other low-speed UEs also degrade in conventional scheme. These techniques are useful especially in the presence of high speed UEs. The proposed allocation scheme is shown in Table 1. 
a) The cyclic shift values are different when block-wise spreading codes are different [4] 
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 \* MERGEFORMAT [5] . The difference from conventional scheme is shown by comparing table 1 and table 2. In table 2, same cyclic shift values are used among different block wise spreading code.
b) The block-wise spreading codes for ACK/NACK information part are (1,1,1,1), (1,-1,-1,1), (1,1,-1,-1) as in [6] . The difference from conventional scheme is shown by comparing table 1 and table 3. In table 3, block wise spreading code (1,-1, 1,-1) is also used.
To apply above two techniques maximizes the robustness of the PUCCH performance.
Table 1
Proposed code allocation for UL ACK/NACK (Code allocation 1)
	
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data

	Cyclic shift within a LB
	(1,1,1)
	(1,ej2pi/3, ej4pi/3)
	(1, ej4pi/3, ej8pi/3)
	
	(1,1,1,1)
	(1,1,-1,-1)
	(1,-1,-1,1)
	(1,-1,1,-1)

	0
	#1
	
	#13
	
	#1
	
	#13
	

	1
	
	#7
	
	
	
	#7
	
	

	2
	#2
	
	#14
	
	#2
	
	#14
	

	3
	
	#8
	
	
	
	#8
	
	

	4
	#3
	
	#15
	
	#3
	
	#15
	

	5
	
	#9
	
	
	
	#9
	
	

	6
	#4
	
	#16
	
	#4
	
	#16
	

	7
	
	#10
	
	
	
	#10
	
	

	8
	#5
	
	#17
	
	#5
	
	#17
	

	9
	
	#11
	
	
	
	#11
	
	

	10
	#6
	
	#18
	
	#6
	
	#18
	

	11
	
	#12
	
	
	
	#12
	
	


Table 2
Conventional code allocation for UL ACK/NACK (Code allocation 2)
	
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data

	Cyclic shift within a LB
	(1,1,1)
	(1,ej2pi/3, ej4pi/3)
	(1, ej4pi/3, ej8pi/3)
	
	(1,1,1,1)
	(1,1,-1,-1)
	(1,-1,-1,1)
	(1,-1,1,-1)

	0
	#1
	#7
	#13
	
	#1
	#7
	#13
	

	1
	
	
	
	
	
	
	
	

	2
	#2
	#8
	#14
	
	#2
	#8
	#14
	

	3
	
	
	
	
	
	
	
	

	4
	#3
	#9
	#15
	
	#3
	#9
	#15
	

	5
	
	
	
	
	
	
	
	

	6
	#4
	#10
	#16
	
	#4
	#10
	#16
	

	7
	
	
	
	
	
	
	
	

	8
	#5
	#11
	#17
	
	#5
	#11
	#17
	

	9
	
	
	
	
	
	
	
	

	10
	#6
	#12
	#18
	
	#6
	#12
	#18
	

	11
	
	
	
	
	
	
	
	


Table 3
Conventional code allocation UL ACK/NACK (Code allocation 3 [4] )
	
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data

	Cyclic shift within a LB
	(1,1,1)
	(1,ej2pi/3, ej4pi/3)
	(1, ej4pi/3, ej8pi/3)
	
	(1,1,1,1)
	(1,-1,1,-1)
	(1,1,-1,-1)
	(1,-1,-1,1)

	0
	#1
	
	#13
	
	#1
	
	
	#16

	1
	
	#7
	
	
	#17
	#5
	
	

	2
	#2
	
	#14
	
	
	
	#9
	

	3
	
	#8
	
	
	#2
	
	
	#13

	4
	#3
	
	#15
	
	#18
	#6
	
	

	5
	
	#9
	
	
	
	
	#10
	

	6
	#4
	
	#16
	
	#3
	
	
	#14

	7
	
	#10
	
	
	
	#7
	
	

	8
	#5
	
	#17
	
	
	
	#11
	

	9
	
	#11
	
	
	#4
	
	
	#15

	10
	#6
	
	#18
	
	
	#8
	
	

	11
	
	#12
	
	
	
	
	#12
	


Figure 1 shows the performance evaluation results for the code allocations 1 to 3, which are shown in above tables. The simulation assumptions are listed in Table 4.
As shown in this figure, the performances of conventional code allocations (code allocation 2 and 3) degrade in 360 km/h condition. The reason of degrades of code allocation 2 is the orthogonality of the block-wise spreading code is distorted. Although the performance of code allocation 3 is better than that of code allocation 2, the performance still degrades because UE#0&UE#17 and UE1&UE18 use adjacent cyclic shift values. In contrast, the performance of proposal (i.e. code allocation 1), which are 2-dimensional orthogonalization with proposed Walsh Hadamard block-wise code, achieves the BER of 10-4.
In addition, to reduce the use of block-wise codes for ACK/NACK information part in a cell (i.e. only 3 block-wise spreading codes are used in a cell) would have a gain of interference randomization by cell specific scrambling [7] .

[image: image1.emf]2bit ACK/NACK BER, TU 360km/h,  Average UE

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8

SNR[dB]

ACK/NACK BER

Alloc2

Alloc3

Alloc1

1UE


Figure 1

Average performance of the proposed UL ACK/NACK resource definition
Table 4
Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	2

	Channel  model
	TU 6-path    (mobility:360 km/h)

	Modulation 
	QPSK

	System bandwidth 
	5 MHz 

	ACK/NACK bandwidth 
	1RB (180kHz)

	Number of RX antennas 
	2

	Reference symbol positions 
	3rd, 4th and 5th LBs in a slot 

	ZC sequence index
	r = 3  (Same for ACK/NACK information and RS)

	ACK/NACK, RS generation method 
	Cyclic-extension

	Number of available cyclic-shift 
	12

	Cyclic shift separation method 
	Simple rectangular mask is used after IDFT in time domain

	Number of UEs
	18,  1

	Walsh sequence
	#1=(1,1,1,1), #2=(1,1,-1,-1), #3=(1,-1,-1,1)

	DFT sequence
	#1=(1,1,1), #2=(1,ej2π/3,ej4π/3), #3=(1,ej4π/3,ej8π/3)


3. Conclusion

We discussed the code allocation scheme for PUCCH and showed simulation results. We propose following way forwards for UL ACK/NACK code allocation;
· The cyclic shift values are different when block-wise spreading codes are different 
· Following block-wise spreading codes are used
· (1,1,1), (1,ej2pi/3, ej4pi/3), (1, ej4pi/3, ej8pi/3) for RS part
· (1,1,1,1), (1,-1,-1,1), (1,1,-1,-1) for ACK/NACK part
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APPENDIX

This section shows the “UE specific performance” of each code allocation. 
Figure 2 shows the performance of proposed resource allocation i.e. code allocation 1 in Table 1. Figure 3 shows the performance of code allocation 2 in table 2. Figure 3 shows the performance of code allocation 3 in table 3. 
In Figure 3, there is a UE group whose performance is worse than the other group because a certain block-wise spreading code sometimes interfered by other block-wise spreading code as shown in [6] . From Figure 4, we can see the performance degradation of UE17 and UE18. UE17 and UE18 suffer from inter-code interference from UE1 and UE2 respectively due to delay spread, as well as the inter-code inference from UE5 and UE6 respectively due to the loss of orthogonality between block-wise spreading codes at high speed. Moreover, even code allocation 2 spends all the 4 Walsh Hadamard sequences for ACK/NACK information part in one cell, there seems to be no performance benefits.
In contrast, as shown in Figure 2, proposed resource allocation achieves excellent performance for all the 18 UEs only with 3 sequences for ACK/NACK information part.
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Figure 2  UE specific performance results of “code allocation 1”
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Figure 3 UE specific performance results of “code allocation 2”
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Figure 4 UE specific performance results of “code allocation 3”
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