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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 sequences and orthogonal covering (block-wise spreading) scheme is used as the user multiplexing scheme [3] .
In the PUCCH, CQI signals from some UEs and ACK/NACK signals from other UEs can coexist and the orthogonality of CQIs and ACK/NACKs is obtained through different shifts of 12-length CAZAC sequences.
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Figure 1 The structure of ACK/NACK transmission
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Figure 2 The structure of CQI transmission
Figure 1 and Figure 2 are agreed structures of ACK/NACK transmission and CQI transmission through PUCCH. As shown in these figures, the locations of reference signals are different. Reference signals of the CQI (LB#2 and LB#6) are located in the same Long Block as those of ACK/NACK signals where the spreading code W1 and W2 are applied. So, if the orthogonality of the cyclic shift is distorted by large delay spread, the reference signals of CQI would be affected by the ACK/NACK information parts where W1 and W2 are applied.
In this contribution, we investigate the performance degradation by the interferences from ACK/NACK information parts and propose the “phase variable” reference signals of CQIs for performance enhancement.
2. Multiplexing of ACK/NACK signals and CQI signals in PUCCH
Figure 3 shows the resource utilization in cyclic shift domain and Walsh domain. In current working assumption, CQI replaces 3 resources for ACK/NACK signals as shown in the Figure 3 because no block-wise spreading codes are applied for CQIs. 
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Figure 3 CQI transmission in PUCCH
In [4] and [5] , we propose the mesh structure type usage for ACK/NACK signals because it is proven that such a structure have an excellent performance especially in the presence of high speed UEs. In mesh structure of the resource mapping, the adjacent cyclic shift value or block-wise code are not used. Based on these structures, the multiplexing of the ACK/NACK signals and the CQI signals is described as Figure 4. In this case, the performance of CQI is mostly affected by the interference from the ACK#9 depending on delay spread.
[image: image4.emf]ACK

#4

ACK

#7

ACK

#10

ACK

#13

ACK

#1

ACK

#6

ACK

#12

ACK

#15

ACK

#5

ACK

#8

ACK

#11

ACK

#14

ACK

#2

Cyclic Shift

W

a

l

s

h

 

s

e

q

.

ACK

#3

Wseq1 = [ 1, 1, 1, 1]

Wseq3 = [ 1, 1,-1,-1]

Wseq2 = [ 1,-1,-1, 1]

0 1 2 3 4 5 6 7 8 9 10 11

C

Q

I

ACK

#9


Figure 4 (Example 1) Multiplexing of the ACK/NACK signals and the CQI signals in PUCCH
As shown in Figure 4, ACK#9 applies the block-wise spreading code (1, 1, -1, -1), so the reference signals of CQI are affected by ACK/NACK signal part where spreading code (1,-1) are applied. In LB#2, the ACK/NACK modulated by 1 is interference with RS of CQI. In LB#6, the ACK/NACK modulated by -1 is interference with RS of CQI. Therefore, the interference at LB#2 and the interference at LB#6 are “in the opposite phase”. Therefore,  if RS of CQI at LB#2 and RS of CQI at LB#6 are “in phase”, to add the received signals between LB#2 and LB#6 could remove the interference effect from ACK#9. So the accuracy of the channel estimation from reference signals for CQI is improved.
However, in other condition, the “opposite phase” of reference signals of CQI improves the performance. For instance, if multiplexing in Figure 5 is applied, the CQI signal is mostly interfered by ACK#7 and ACK#8. And the spread codes that affect the reference signals of CQI are (1, 1) and (-1,-1). So the interference at LB#2 and the interference at LB#6 are “in the same phase”. Hence, in order to remove the interference effects on the reference signals of CQI, setting the reference signals of CQIs “in opposite phase” is necessary.
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Figure 5 (Example 2) Multiplexing of the ACK/NACK signals and the CQI signals in PUCCH
In [6], we propose the cell specific scrambling [6] on the block-wise spreading code. This affects the modulation of ACK/NACK. Therefore, the relation of "in phase" and "in opposite phase" is also affected.
In order to have the functionality to set the reference signals of CQI in "in phase" or "in opposite phase", we propose following structure of CQI transmission.
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Figure 6 Proposed structure of CQI transmission

3. Simulation settings and simulation results
We evaluated the effect of the phase of CQI’s reference signals in various code allocations (i.e. Figure 4, Figure 5, and the detailed code allocations for each figure are in the appendix.). Summary of the simulation conditions are shown in Table 1.
Figure 7 shows the performance evaluation results for the resource allocation in Figure 4. Since the (W1, W2) of the strongest interferer (ACK#9) is (1,-1), the performance of CQI is better when the reference signals of CQI are “in phase”. It is because “in phase” reference signals are orthogonal to (W1, W2). But we don’t see any performance difference for ACK signals.

Figure 8 shows the performance evaluation results for the resource allocation in Figure 5. In contrast to Figure 7, the performance of CQI is better when the reference signals of CQI are “in opposite phase” since the (W1, W2) of the strongest interferer (ACK#7 and ACK#8) are (1, 1) and (-1, -1).
Table 1
Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	2

	Number of CQI bits
	5

	Channel coding for CQI
	Reed-Muller code (20.5)

	Channel  model
	TU 6-path    (mobility:3 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
	15 for ACK/NACK transmission,  1 for CQI

	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)
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Figure 7 The performance of the CQI transmission and ACK/NACK transmission (Figure 4 allocation)
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Figure 8 The performance of the CQI transmission and ACK/NACK transmission (Figure 5 allocation)
4. Conclusion

We investigate the effects of the phase of CQI’s reference signals in case that ACK/NACK signals are multiplexed in the same PUCCH. We found that the variable phase definition of the reference signals of CQI is desirable. 
As a conclusion, we propose to capture the possibility to change the phase of the reference signal of CQIs. This phase change would be signaled by L3 from eNB.
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Appendix

Table 2
Detailed code allocation for Figure 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
	ACK#1
	
	ACK#2
	
	ACK#1
	
	ACK#2
	

	1
	
	ACK#3
	
	
	
	ACK#3
	
	

	2
	ACK#4
	
	ACK#5
	
	ACK#4
	
	ACK#5
	

	3
	
	ACK#6
	
	
	
	ACK#6
	
	

	4
	ACK#7
	
	ACK#8
	
	ACK#7
	
	ACK#8
	

	5
	
	ACK#9
	
	
	
	ACK#9
	
	

	6
	CQI
	
	CQI
	

	7
	
	
	
	
	
	
	
	

	8
	ACK#10
	
	ACK#11
	
	ACK#10
	
	ACK#11
	

	9
	
	ACK#12
	
	
	
	ACK#12
	
	

	10
	ACK#13
	
	ACK#14
	
	ACK#13
	
	ACK#14
	

	11
	
	ACK#15
	
	
	
	ACK#15
	
	


Table 3
Detailed code allocation for Figure 5
	
	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
	ACK#1
	
	ACK#2
	
	ACK#1
	
	ACK#2
	

	1
	
	ACK#3
	
	
	
	ACK#3
	
	

	2
	ACK#4
	
	ACK#5
	
	ACK#4
	
	ACK#5
	

	3
	
	ACK#6
	
	
	
	ACK#6
	
	

	4
	ACK#7
	
	ACK#8
	
	ACK#7
	
	ACK#8
	

	6
	CQI
	
	CQI
	

	
	
	
	
	
	
	
	
	

	7
	
	ACK#9
	
	
	
	ACK#9
	
	

	8
	ACK#10
	
	ACK#11
	
	ACK#10
	
	ACK#11
	

	9
	
	ACK#12
	
	
	
	ACK#12
	
	

	10
	ACK#13
	
	ACK#14
	
	ACK#13
	
	ACK#14
	

	11
	
	ACK#15
	
	
	
	ACK#15
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