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1 Introduction

According to the current working assumption, the multiplexing of ACK/NACK signals transmitted on PUCCH is based on CDM. Two CDM techniques are applied: cyclic shifts of Zadoff-Chu sequences are used inside blocks and orthogonal covers are used between blocks. In RAN1#49bis meeting, it was pointed out that the code allocation plays a key role in optimizing the PUCCH for high speed scenarios and some code allocation pattern was illustrated [1][2]. 
At the same time, to randomize the intra-cell interference between ACK/NACK channels with different ZC cyclic shifts, cyclic shift hopping was accepted by 3GPP RAN1. In RAN1#49bis meeting, it was agreed that the cyclic shift hopping period should be per symbol for the PUCCH [3]. However, the specific hopping scheme is FFS.
In this contribution, we study the code allocation with cyclic shift hopping within a slot from the view of support for high speed scenarios and randomization for intra-cell interference.
2 Discussion
Current working assumption on ACK/NACK transmission is 4 blocks per slot for ACK/NACK data and 3 blocks for ACK/NACK RS. 6 out of 12 cyclic shifts within one block could be assigned to the different ACK/NACK channels with the same block-wise cover. Therefore 18 ACK/NACK channels can be CDMed in one resource block. The most straightforward way for code allocation is that only 6 cyclic shifts are applied and each cyclic shift is assigned to 3 ACK/NACK channels. The main problem with this allocation method is non-orthogonal interference between UEs with the same cyclic shift in the high speed scenarios.

To improve the performance in the high speed scenarios, some optimization on the code allocation was presented [1][2]. The main idea is to use the unused 6 cyclic shifts. To keep enough orthogonality, the ACK/NACK channels with adjacent cyclic shifts must have different block-wise codes. One code allocation pattern is shown in Figure1. Only the data part of the channels is illustrated.
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Figure 1: Example of code allocation with 12 cyclic shifts used 
To randomize/average the interference between ACK/NACK channels with different cyclic shifts, especially for those channels with adjacent cyclic shifts, the block based hopping is beneficial. To depress the strong interference caused by the delay spread, it is necessary to keep the orthogonality of the block-wise covers between those channels with adjacent cyclic shifts when hopping, as which proposed for the channels with the same cyclic shift. One code allocation pattern with hopping is shown in Figure2. Only the data part of the channels is illustrated. The block-wise cover is assumed to be the Walsh code:
c1 = [1 1 1 1];  c2 = [1 1 -1 -1];  c3 = [1 -1 1 -1];  c4 = [1 -1 -1 1];
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Figure 2:
Example of code allocation with block based hopping
As shown in Figure2, to achieve better performance in the high speed scenarios and keep strong orthogonality when hopping, some criteria are applied:
· The block-wise codes assigned to those channels with the same cyclic shifts are orthogonal in the first two blocks before RS(the 1st and the 2nd symbols) and in the last two blocks after RS (the 3rd and the 4th symbols), for example, c1 and c3, or c1 and c4. Thus, the orthogonality can be attained in shorter time duration, and it is beneficial for the high speed scenario.
· The channels with the same cyclic shift have the same hopping pattern, for example, channel 1 and channel 13 always have the same hopping pattern in all blocks. The channels with the different cyclic shifts may have different hopping patterns.
· The hopping patterns are designed to depress the non-orthogonal interference between those channels with adjacent cyclic shifts while keeping the time domain orthogonality of those channels according to the block-wise code properties. For example, in figure 2, the block-wise codes assigned to those channels with the same cyclic shifts are c1 and c3, therefore the block-wise code pairs assigned to the channels with adjacent cyclic shifts is either c1 and c2 or c3 and c2. The common characteristic of c1 and c2, c3 and c2 is that both the 2 pairs are orthogonal in the 1st symbol together with the 3rd symbol and in the 2nd symbol together with the 4th symbol. To keep the time domain orthogonality of channels with adjacent cyclic shifts, the hopping pattern for all channels in the 3rd block should be the same as that in the 1st block or just be an overall shift of that in the 1st block. Similarly, the hopping pattern in the 4th block should be the same as that in the 2nd block or just an overall shift of that in the 2nd block. Therefore, for each channel, if the strong interferences caused by adjacent cyclic shifts in the 3rd block come from the same channels in the 1st block, it could be depressed. The same is in the 2nd block and the 4th block. 

This scheme provides randomization of the intra-cell interference. It is beneficial especially when those channels are not fully loaded. At the same time, this scheme never breaks the time domain orthogonality of those channels with adjacent cyclic shifts, which is important to depress the strong interferences caused by multi-path delay spread. 

3 Summary
In this contribution, we discussed the code allocation for the ACK/NACK signals transmitted on PUCCH. A combining of block based hopping and the utilization of adjacent ZC cyclic shifts is provided. Sum up:
1. Assign code pair which can keep orthogonality both in the first two blocks before RS and in the last two blocks after RS to those channels with the same cyclic shifts. 

2. Keep the same cyclic shift hopping pattern for the channels with the same cyclic shift. 

3. Keep the same cyclic shift hopping pattern for all channels on some LBs which could keep the time domain orthogonality of the channels with the adjacent cyclic shift according to the block-wise code properties.
With this scheme, the orthogonality between ACK/NACK channels could be improved in the high speed scenario.  
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