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1 Introduction

In previous meetings, cyclic shift (CS) hopping per symbol for PUCCH was discussed. One of the remaining issues is whether pattern of CS hopping per symbol is cell-specific or resource-specific. In this contribution, one structure of resource-specific CS hopping pattern for UL ACK/NACK channels is presented and the ACK/NACK performances with presented resource-specific CS hopping and cell-specific CS hopping are evaluated.
2 Discussion
One benefit of resource-specific CS hopping is that the intra-cell interference from CS can be randomized. As a result, it increases the tolerance against UL power control and synchronization errors [1] [2]. However, the main concern is resource-specific CS hopping usually destroys the orthogonality of block-wise orthogonal cover (OC). In this contribution, it is observed that for some kinds of OC sequences, by defining the resource-specific CS hopping patterns according to the properties of OC sequences, the orthogonality of block-wise OC can be maintained. 
In RAN1#50 meeting, it was agreed that OC sequences for ACK/NACK use length-4 Hadamard sequences for the information part. Provided c1 = [1 1 1 1],  c2 = [1 1 -1 -1],  c3 = [1 -1 -1 1],  c4 = [1 -1 1 -1], it could be easily seen that for c1 and c3, c2 and c3, c1 and c4, c2 and c4, all these pairs perform orthogonality both on the first two symbols and on the last two symbols. It is beneficial to keep good orthogonality for high speed scenarios. Furthermore, both c1 and c3 performs orthogonality with c2 (or c4) on the 1st and the 4th symbol, as well as on the 2nd and the 3rd symbol. Similarly, both c1 and c4 performs orthogonality with c2 (or c3) on the 1st and the 3rd symbol, as well as on the 2nd and the 4th symbol. According to these properties, a structure of resource-specific CS hopping pattern is presented: 
· By defining Resoure1 as all ACK/NACK channels assigned OC c1 or c3, and defining Resoure2 as all ACK/NACK channels assigned OC c2 or c4, the resource-specific CS hopping pattern Cintra, can be set as below:
Cintra = 0 for Resoure1 in all symbols for the ACK/NACK information part in one slot, for Resoure2 in the 1st and the 4th symbol for the ACK/NACK information part in one slot,
Cintra = 6 for Resoure2 in the 2nd and the 3rd symbol for the ACK/NACK information part in one slot.
· Similarly, if we define Resoure1 as all ACK/NACK channels assigned OC c1 or c4, and define Resoure2 as all ACK/NACK channels assigned OC c2 or c3, then Cintra can be set as below:
Cintra = 0 for Resoure1 in all symbols for the ACK/NACK information part in one slot, for Resoure2 in the 1st and the 3rd symbol for the ACK/NACK information part in one slot,
Cintra = 6 for Resoure2 in the 2nd and the 4th symbol for the ACK/NACK information part in one slot.

To achieve inter-cell interference randomization, a cell-specific CS hopping pattern Cinter can be applied on the top of the intra-cell randomization: C = (Cinter + Cintra) mod NZC, where NZC=12 is the number of cyclic shifts [1].
With this structure, for ACK/NACK channels with different OC sequences from the same resource, the hopping patterns are the same, therefore the orthogonality of their OC in one slot maintains; for ACK/NACK channels from different resources, thanks to the same hopping patterns and OC sequences orthogonality on the 1st and the 4th symbol, the orthogonality of their block-wise OC on these two symbol maintains. Similar thing occurs on the 2nd and the 3rd symbol. Sum up, the orthogonality of OC between ACK/NACK channels from different resources maintains in one slot. 

For ACK/NACK code allocation showed in Figure 1 which optimizes the PUCCH performances for high speed scenarios [3] [4], Figure 2 shows an example of proposed resource-specific CS hopping applied on this code allocation. In this example, Cinter = 0, 3, 6, 9 for the 1st, the 2nd, the 3rd, the 4th symbol for the information part respectively.
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Figure 1:  A structure for ACK/NACK code allocation 
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Figure 2:
An Example of resource-specific CS hopping
As shown in Figure2, for any two ACK/NACK channels with different OC sequences, e.g. CH1 and CH13, CH1 and CH14, CH1 and CH7, the orthogonality of OC maintains in one slot. To keep the orthogonality of OC, the CS hopping patterns for all ACK/NACK channels have to be the same in some two symbols and the other two symbols. The cost is intra-cell interference randomization between ACK/NACK channels deduced.
3 Simulations

In this section, we evaluated the performances of UL ACK/NACK for the cell-specific and proposed resource-specific CS hopping at high adjacent CS interference and high UE speed (360km/h). The code allocation is the one showed in the Figure 1 and the cell-specific CS hopping pattern is assumed to be C = 0, 3, 6, 9 for the 1st, the 2nd, the 3rd, the 4th symbol for the information part, respectively. The resource-specific CS hopping pattern is the one showed in Figure 2. Slot based CS hopping is not added. The CS hopping pattern in the 2nd slot in one TTI is the same as in the 1st slot. The simulation assumptions are listed in Table 1. 
Table 1:  Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System Bandwidth
	5MHz

	Channel model
	TU, 6 path

	Number of TX antennas
	1

	Number of RX antennas
	2 (uncorrelated), MRC

	Frequency hopping
	Intra TTI slot based hopping

	Number of UEs
	18

	UE speeds
	360km/h for all UEs

	UE configuration
	CH7: interferential UE, with larger Rx power (3 dB or 6 dB) than other UEs.
CH1, CH2, CH13, CH14: UEs evaluated.
Other CHs: interferential UEs with the same Rx power to evaluated UEs.

	Number of bits per UE
	2bits (QPSK)


In this simulation, 18 UEs are assumed in the system, each travelling at 360km/h. The Rx power of UE which uses CH7 is set higher than other UEs and the performances of UEs use CH1, CH13, CH2, CH14 are investigated. 
Figure 3 shows the simulation results for cell-specific CS hopping and proposed resource CS hopping when the Rx power of the interferential UE is 6dB higher than other UEs. As it shows, with cell-specific CS hopping, the BER performance of ACK/NACK on CH1 or CH2 cannot meet the requirement of 10-3 when the interference from adjacent CS is strong. ACK/NACK on CH1 or CH2 suffers from the strong interference of ACK/NAK on CH7 (larger power user) because the orthogonality of OC between CH1 (CH2) and CH7 is distorted at high speed. With proposed resource-specific CS hopping, the strong interference from adjacent CS is degraded effectively and the performances of the worst UEs are improved. 
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Figure 3:
2bit ACK/NACK performance, Interferential UE with Rx power 6dB larger than other UEs, Ideal CE.
As orthogonal cover hopping (per slot) is agreed to be supported for PUCCH ACK/NACK sub-frames, and it is beneficial to improve the performance with cell-specific CS hopping, we also evaluated the performance with cell specific CS hopping + OC (per slot) hopping. The simulation result is shown in Figure 4:
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Figure 4:
2bit ACK/NACK performance with resource-specific CS hopping vs. cell-specific CS hopping + OC per-slot hopping
As shown in Figure 4, with cell-specific CS hopping + OC hopping, the performance of evaluated UEs cannot meet the requirement of 10-3 when the Rx power of interferential UE is 6dB larger. When the Rx power difference is deduced to 3dB, the performance with resource-specific CS hopping still outperforms that with Cell-specific CS hopping + OC hopping.
4 Summary
In this contribution, the cyclic shifts hopping for the ACK/NACK signals transmitted on PUCCH is discussed. A structure of resource-specific CS hopping pattern is presented. Sum up:
1. According the OC sequences used, all ACK/NACK channels in one cell could be divided into two resources: the OC sequences used in each resource should keep orthogonality both on the first two symbols before RS and on the last two symbols after RS.
2. For ACK/NACK channels from the same resource, the same CS hopping pattern is performed on all symbols for the ACK/NACK information part. 

3. For all ACK/NACK channels (even from different resources), the same CS shift hopping pattern is performed on some symbols which could maintain the OC orthogonality according to the OC properties.
Simulation result shows, with proposed CS hopping structure, the strong interferences between adjacent CS caused by power and synchronization errors could be depressed effectively. It increases the PUCCH tolerance against UL power control and synchronization errors. Further more, with proposed CS hopping structure, the orthogonality of the block-wise OC could still maintain.
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