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1. Introduction

At the Orlando meeting, following way forward was agreed.

For the PUCCH, the cyclic shift hopping period should be per symbol (DM RS, ACK/NAK, CQI)
Regarding the cyclic shift hopping patterns for UL ACK/NACK channels, Cell specific symbol-based cyclic shift hopping was proposed since the symbol-based UE specific cyclic shift hopping would distort the orthogonality of the block-wise spreading codes[1]. However, some contributions show the performance benefit of UE specific cyclic shift hopping in some situations since UE specific (or resource specific) hopping pattern can achieve intra-cell interference randomization effect[2]

 REF _Ref177541818 \r \h 
[3]. Hence, we proposed to employ slot-based UE specific (or CS resource specific) remapping in addition to symbol-based cell specific CS hopping for the inter-cell/intra-cell interference randomization[4].
At the Shanghai meeting, RAN1 agreed on the staggered structure for the UL ACK/NACK channelization on PUCCH[5]. In this contribution, we evaluate the performance of proposed two layered cyclic shift hopping patterns based on the agreed staggered structure.
2. Two layered cyclic shift hopping
In the proposed two layered cyclic shift hopping patterns, the first layer is for inter-cell interference randomization with symbol-based Cell specific hopping and the second layer is for intra-cell interference randomization with slot-based UE specific cyclic shift hopping.
Two layered cyclic shift hopping pattern can be expressed as follows.


[image: image1.wmf])

,

(

)

,

(

)

(

)

,

,

(

m

k

Hop

cell

i

Hop

k

CS

cell

i

k

CS

slot

id

LB

start

id

index

+

+

=


Where 
[image: image2.wmf])

,

,

(

id

index

cell

i

k

CS

is the cyclic shift index of the kth ACK/NACK channel in ith SC-FDMA symbol at the cell of “cellid” and CSstart(k) is the initial cyclic shift values at the 1st symbol, which is given by implicit resource mapping.
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 represents the symbol-based Cell specific cyclic shift hopping pattern for inter-cell interference randomization and
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 represents the slot-based UE specific but common for all the cells cyclic shift hopping pattern. And m is the slot number. As a result, the hopping pattern is like Figure 1.
[image: image5.emf]ACK

#6

ACK

#5

ACK

#4

ACK

#3

ACK

#2

ACK

#1

ACK

#11

ACK

#10

ACK

#9

ACK

#8

ACK

#7

ACK

#6

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#2

ACK

#1

ACK

#0

ACK

#5

ACK

#4

ACK

#3

ACK

#11

ACK

#10

ACK

#9

ACK

#8

ACK

#7

ACK

#9

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#1

ACK

#0

ACK

#5

ACK

#4

ACK

#3

ACK

#2

ACK

#7

ACK

#10

ACK

#9

ACK

#8

ACK

#7

ACK

#6

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#3

ACK

#2

ACK

#1

ACK

#0

ACK

#5

ACK

#4

ACK

#11

ACK

#8

ACK

#9

ACK

#8

ACK

#7

ACK

#6

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#2

ACK

#1

ACK

#0

ACK

#5

ACK

#4

ACK

#3

ACK

#11

ACK

#10

ACK

#6

ACK

#8

ACK

#7

ACK

#6

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#4

ACK

#3

ACK

#2

ACK

#1

ACK

#0

ACK

#5

ACK

#11

ACK

#10

ACK

#9

ACK

#7

ACK

#7

ACK

#6

ACK

#17

ACK

#16

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#3

ACK

#4

ACK

#5

ACK

#0

ACK

#1

ACK

#2

ACK

#6

ACK

#7

ACK

#8

ACK

#9

ACK

#10

ACK

#8

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#1

ACK

#2

ACK

#3

ACK

#4

ACK

#5

ACK

#0

ACK

#7

ACK

#7

ACK

#8

ACK

#9

ACK

#10

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#2

ACK

#3

ACK

#4

ACK

#5

ACK

#0

ACK

#1

ACK

#6

ACK

#9

ACK

#8

ACK

#9

ACK

#10

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#0

ACK

#1

ACK

#2

ACK

#3

ACK

#4

ACK

#5

ACK

#6

ACK

#7

ACK

#8

ACK

#9

ACK

#10

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#1

ACK

#2

ACK

#3

ACK

#4

ACK

#5

ACK

#0

ACK

#6

ACK

#7

ACK

#8

ACK

#10

ACK

#10

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#5

ACK

#0

ACK

#1

ACK

#2

ACK

#3

ACK

#4

ACK

#6

ACK

#7

ACK

#8

ACK

#9

ACK

#9

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

Slot 0

ACK

#0

ACK

#1

ACK

#2

ACK

#3

ACK

#4

ACK

#5

ACK

#6

ACK

#7

ACK

#8

ACK

#9

ACK

#10

ACK

#11

ACK

#12

ACK

#13

ACK

#14

ACK

#15

ACK

#16

ACK

#17

ACK

#3

ACK

#2

ACK

#1

ACK

#0

ACK

#5

ACK

#4

ACK

#9

ACK

#9

ACK

#7

ACK

#6

ACK

#11

ACK

#10

ACK

#15

ACK

#14

ACK

#13

ACK

#12

ACK

#17

ACK

#16

Slot 1

LB0

LB1

LB2

LB3

LB4

LB5

LB6

LB7

LB8

LB9

LB10

LB11

LB12

LB13


Figure 1 An example of 2 layered cyclic shift hopping
3. Simulations
This section presents simulation settings and simulation results of the cyclic shift hopping for both conventional one layered cyclic shift hopping (Cell specific and UE specific) and two layered cyclic shift hopping case as described above.
3.1. Simulation Settings

Table 1 shows an agreed staggered structure of the ACK/NACK channelization and Table 2 summarizes the simulation settings. 

Table 1 Mesh type resource allocation for UL ACK/NACK (at the first SC-FDMA symbol init(k) )

	
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data
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Table 2 Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	2

	Channel  model
	TU 6 path

	Modulation 
	QPSK

	System bandwidth 
	5 MHz 

	Timing error
	0.5us (UE#1, UE#7 and UE#8)

	Power control error
	5 dB higher than others (UE#1, UE#7 and UE#8)

	ACK/NACK bandwidth 
	1RB (180kHz)

	Number of RX antennas 
	2

	Reference symbol positions 
	3rd, 4th and 5th SC-FDMA symbols 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,  6

	Probability of ACK:NACK
	0.9 : 0.1

	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)


3.2. Simulation Results

Figure 2 shows the simulation results for
· one layered Cell specific cyclic shift hopping
· one layered UE specific cyclic shift hopping
· two layered cyclic shift hopping patterns
In the conventional one layered UE specific cyclic shift hopping, the UEs that use the same cyclic shift values hop together within the slot to avoid a strong interference from the signals that uses the same cyclic shift values. For simplifying the graph, we only plot the performance of UE#2, UE#8 and UE#14 since they get the most serious interferences from adjacent UEs.

From this results, we see the performance benefit of proposed two layered cyclic shift hopping pattern. For the one layered UE specific cyclic shift hopping pattern, we rather see the performance degradation because of the reason explained in [4].
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Figure 2 Performance of each cyclic shift hopping pattern
4. Conclusion

In this contribution, we evaluated the performance of two layered cyclic shift hopping patterns based on the agreed staggered structure for UL ACK/NACK.
From the simulation results, proposed two layered hopping pattern achieves the best performance, especially in the presence of timing/power control error. As a conclusion we propose to employ two layered cyclic shift hopping patterns described above.

Although the discussion in this contribution is focused on ACK/NACK channels, the commonality should be considered for the case of CQI signals as proposed in [6].
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