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1. Introduction

It has been pointed out in many contributions that Zadoff Chu (ZC) sequences of different lengths may occasionally have large cross correlation properties. In order to randomize the interference between the RSs, ZC sequence and/or cyclic shift hopping have been suggested among consecutive RS transmissions [1-4]. 
So far, discussion of randomization of ZC sequences has been related mainly to the DM RS. However, it was agreed in Kobe that cyclic shift hopping is supported on PUCCH. In [5], we propose cyclic shift hopping for DM RS and in [6] ZC sequence hopping and coordination in addition to the cyclic shift hopping. This contribution deals with randomization of ACK/NACK signals transmitted on PUCCH. Goal of randomization is to average out the inter-code interference originating from both own cell and the other cells. 
The ACK/NACK signalling format has been decided in RAN1 meeting #48bis [1] held in Malta: 

· ACK/NACK is transmitted by means of modulated CAZAC sequence. ACK/NACK signals of different UEs can be orthogonally multiplexed inside the pilot/data blocks using different cyclic shifts of the same base CAZAC sequence. Length of the CAZAC sequence equals to 12 symbols. 

· Coherent transmission with 3 reference signal (RS) blocks, 4 data blocks (ACK/NACK) is applied

· Block level spreading with SF=3/4 is applied for RS/data blocks.

2. Shift hopping for ACK/NACK transmitted on PUCCH
We propose that for ACK/NACK resource, cyclic shift hopping should be performed in two domains:
· One shift hopping for cyclic shifts of frequency domain CAZAC code (similarly for with DM RS)
· Another hopping is applied for the cyclic shifts of block domain spreading code
The period of shift hopping is limited to one sub-frame (length of hopping pattern equals to two in this case). We also note that there should be a possibility to configure cell-specific component for the hopping pattern [5]. 
Intra-TTI randomization may be sufficient in PUCCH, i.e., there is no need for additional randomization of cyclic shifts outside TTI. This is due to the fact that transmission time interval of ACK/NACK is (almost) always limited to 1 TTI. At the same time UE allocation on interfering code channels will change on a TTI per TTI time scale (according to DL scheduler). On the other hand, if inter-TTI hopping scheme is specified for DM RS [5], it can easily be applied also for ACK/NACK channel.

3. Proposed shift hopping patterns for ACK/NACK
Shift hopping is arranged in such that the cyclic shift resources corresponding to the second time slot are derived from the resource allocation of the first time slot.  For the frequency domain cyclic shift (f_sft) we propose to have the same hopping pattern as proposed for DM RS [6]. The proposed hopping pattern can be illustrated as 

	
[image: image8.emf]RS, slot #1 RS, slot #2

Cyclic shift Cyclic shift, time Cyclic shift Cyclic shift, time

frequency 0 1 2 frequency 0 1 2

0 0 23 34 0 17 6 28

1 1 12 35 1 22 11 33

2 2 13 24 2 15 4 26

3 3 14 25 3 20 9 31

4 4 15 26 4 13 2 24

5 5 16 27 5 18 7 29

6 6 17 28 6 23 0 34

7 7 18 29 7 16 5 27

8 8 19 30 8 21 10 32

9 9 20 31 9 14 3 25

10 10 21 32 10 19 8 30

11 11 22 33 11 12 1 35

ACK/NACK data, slot #1 ACK/NACK data, slot #2

Cyclic shift Cyclic shift, time Cyclic shift Cyclic shift, time

frequency 0 1 2 3 frequency 0 1 2 3

0 0 23 34 45 0 28 17 6 39

1 1 12 35 46 1 33 22 11 44

2 2 13 24 47 2 26 15 4 37

3 3 14 25 36 3 31 20 9 42

4 4 15 26 37 4 24 13 2 47

5 5 16 27 38 5 29 18 7 40

6 6 17 28 39 6 34 23 0 45

7 7 18 29 40 7 27 16 5 38

8 8 19 30 41 8 32 21 10 43

9 9 20 31 42 9 25 14 3 36

10 10 21 32 43 10 30 19 8 41

11 11 22 33 44 11 35 12 1 46
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where “f_sft_slot1” corresponds to the frequency domain cyclic shift of the first time slot [0, 1, … 11], “Cyclic_sft_slot2” is the corresponding cyclic shift for the 2nd time slot and mod is a modulo operation (modulus after division).
The proposed hopping pattern for time domain cyclic shift (t_sft) can be calculated as 
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where “t_sft_slot1” equals to the cyclic shift of block spreading code of the first slot [0, 1, … (N-1)] and N is the spreading factor of block spreading code.

Similarly as with DM RS, we propose to have an additional cell-specific rotation for the cyclic shifts of slot#2 with respect to the original hopping pattern (Equations 1 and Equation 2). This would guarantee the fact that the cyclic shift rotation with respect to the first and the second slot is uncorrelated between different cells. Cell-specific rotation can be illustrated as
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where “increment” is a cell-specific parameter [0, 1, … (N-1)]. Table1 and Table 2 show proposed shift-hopping patterns in numerical format (increment = 0). Figure 1 shows an example of proposed shift hopping pattern applied for the existing ACK/NACK resources.
Table 1. Proposed shift hopping pattern for cyclic shifts of frequency domain code (within long blocks), N=12, increment(cell)=0.
[image: image6.emf]N=12

Resource number f_shf_slot1 f_shf_slot2

0 0 6

1 1 11

2 2 4

3 3 9

4 4 2

5 5 7

6 6 0

7 7 5

8 8 10

9 9 3

10 10 8

11 11 1


Table 2. Proposed shift hopping pattern for cyclic shifts of time domain code (between long blocks), N=3 and N=4, increment(cell)=0.
[image: image7.emf]N=3 N=4

Resource number t_shf_slot1 t_shf_slot2 Resource number t_shf_slot1 t_shf_slot2

0 0 0 0 0 0

1 1 2 1 1 3

2 2 1 2 2 2

3 3 1
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4. Properties of proposed shift hopping scheme
In the previous section we presented our preferred shift hopping scheme for ACK/NACK signals transmitted on PUCCH. When designing the shift hopping scheme, the main criterion has been to maximize the cyclic shift separation with respect to the adjacent cyclic shifts. Another criterion is maximizing cyclic shift rotation between the 1st and the 2nd slot. This can be controlled by the cell specific parameter increment. We note that the shift rotation between the 1st and the 2nd slot does not impact to cross-correlation properties between cyclic shifts of the same base sequence. However, it can be used to randomize the shift hopping patterns between different cells.
It can be shown that adjacent cyclic shifts in both frequency and time domain have the worst orthogonality properties. Due to the intra/inter-cell orthogonality issues, only part of the code resources can be used in practice [7]. As discussed in [7] there are certain principles how to allocate ACK/NACK resources in order to maximize the intra/inter-cell orthogoanlity. This can be done e.g., by allocating only every second or every third cyclic shift in one cell. An important requirement for the shift randomization is the fact that shift separation between the allocated code channels should maintain also with the shift hopping. We note that this is the case with the proposed shift hopping scheme.

One issue related to shift hopping is signalling. It was decided in the last RAN1 meeting #49 held in Kobe that for non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for (DL) scheduling. Signalling choices regarding to implicit ACK/NACK resources are discussed in [7]. It is noted in [7] that although the signalling burden with a single implicit resource is not too big, total amount of signalling is still quite extensive. When cyclic shifts of all available implicit resources are explicitly signalled by means of RRC signalling then signalling burden with 12, 18 and 36 resources equals to 144 bits, 216 bits and 432, respectively. If the cyclic shifts are signalled for the 1st and the 2nd slot separately then signalling burden will be doubled. The proposed scheme is arranged in such that the cyclic shifts corresponding to the second time slot are derived implicitly from the resource allocation of the first time slot. This means that additional signalling caused by shift hopping is negligible.
5. Base sequence hopping

Need for base sequence hopping of ACK/NACK signals transmitted on PUCCH is not as obvious as with DM RS:
· ACK/NACK resource is typically a frequency hopping resource located on both edges of the frequency spectrum. Frequency allocation of ACK/NACK resource can be made similarly over the entire network. 

· ZC sequences of the same length do not have problems with large cross-correlations.
These facts would mean that base sequence hopping is not needed on PUCCH. On the other hand in some cases it may be possible that PUCCH allocation in adjacent cells is not completely aligned. In this case intra-TTI sequence hopping might provide some advantages in terms of randomization. If the sequence hopping is supported on PUCCH, similarities with DM RS hopping/planning should be maximized. It should also possible to switch the hopping off and do sequence coordination instead of hopping. We think that if the sequence hopping is needed, it should be limited into a simple scheme where the period of hopping is only one sub-frame. This can be achieved by assigning 1-2 PUCCH sequences for each cell.
6. Summary

This contribution discussed randomization of ACK/NACK signals transmitted on PUCCH. We proposed that for ACK/NACK resource, the cyclic shift hopping should be performed in two domains. We note that from signalling point of view, shift hopping should be based on a predetermined rule. We presented a certain rule for shift hopping, in which the shift separation between the allocated code channels will maintain during the shift hopping. The same rule can be used for both DM RS and ACK/NACK transmitted on PUCCH. Finally, we noted that sequence hopping may not be needed on PUCCH.
References

[1]
R1-071643, “Sequence Hopping and Cyclic-Shift Value Hopping for Uplink Reference Signal in E-UTRA”, NTT DoCoMo, Ericsson, Mitsubishi Electric, NEC
[2]

R1-070748, “Cyclic-shift hopping for uplink sounding reference signal”, ETRI
[3]

R1-071485, “Sequence Hopping for the Uplink Reference Signal”, TI

[4]

R1-071520, “Uplink reference signal hopping comparison”, Panasonic, NTT DoCoMo
[5]

R1-072295, “DM RS sequence hopping and coordination”, Nokia Siemens Networks, Nokia 

[6]

R1-072294, “Cyclic shift hopping and DM RS Signaling”, Nokia Siemens Networks, Nokia

[7]

R1-073006, “Signaling of Implicit ACK/NACK resources”, Nokia Siemens Networks, Nokia

[8]       R1-073002, “ACK/NACK performance of high speed UEs”, Nokia Siemens Networks, Nokia

Figure � SEQ Figure \* ARABIC �1�. Proposed shift hopping for ACK/NACK resources, increment(cell)= 1/2 (RS / ACK/NACK data).


































































































� In the Figure 1. the notation is based on the assumption the cyclic shifts within LBs are done in frequency domain. However, time domain implementation of the shifts is equally possible.
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