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1. Introduction

In the 3GPP RAN1 meeting #49 in Kobe, Japan the issue of PUCCH ACK/NACK performance at high speed was raised [1]. It has been claimed that in order to handle high speed cases, a separate structure for ACK/NACK is required. In this contribution we study the impact of sequence allocation on the ACK/NACK performance at high UE speeds.
2. Sequence allocation of the CDM resources

Certain principles should be applied when allocating different (implicit) CDM resources between different UEs. We know that parallel code channels transmitted on PUCCH interfere each other in practical system

· Orthogonality between different cyclic shifts of frequency domain CAZAC code is limited by the delay spread of the radio channel

· Orthogonality between different cyclic shifts of block level CAZAC/Hadamard code is limited by the Doppler spread.

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 [3, 4]. One can utilize the unused code space to improve both intra and inter-cell othogonality. 

The most straightforward way to allocate code resources is simply just to use 6/12 cyclic shifts and 4 block-wise codes (3 with the RSs). For the case of 18 UEs, this is shown in Figure 1. Since the orthogonality of the block-wise codes cannot be well maintained at high UE velocities, there is significant interference between UEs with same ZC shift. 
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Figure 1. Code allocation #1, 18 UEs
Much better performance can be achieved by allocating the code resources in a smarter way. In [2] we present an implicit signaling scheme that allows for flexible code resource allocation with little signaling overhead. Sequence allocations for 18, 16 and 12 UEs created using the implicit signaling scheme are presented in Figure 2, Figure 3, and Figure 4, respectively. 
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Figure 2. Code allocation #2, 18 UEs
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Figure 3. Code allocation #3, 16 UEs
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Figure 4. Code allocation #4, 12 UEs
3. Simulations
The basic idea in the simulation was to study the impact of sequence allocation on the ACK/NACK performance at high UE speeds. Suboptimal allocation of CDM resources compromises the orthogonality of the different codes. With correct code sequence planning the impact can be reduced significantly.
The main simulation parameters are listed in Table 1.
Table 1. Simulation parameters

	Number of ACK/NACK bits
	2

	Channel
	TU (360km/h)

	Receiver
	MRC

	Modulation
	QPSK

	System bandwidth
	5 MHz 

	Number of RX antennas
	2

	Reference symbol positions
	3rd, 4th and 5th LB in a slot


The simulation results are shown in Figure 5. As a reference, also the SNR vs. BER curve for a single UE in TU 3km/h has been plotted. With 18 UEs in TU 360 km/h channel utilizing the code allocation scheme #1 flooring effect due to the loss of orthogonality of block-wise codes is clearly visible. With the same number of UEs and more sophisticated code allocation the impact a considerably less distinct. When the number of simultaneous UEs with the 2-bit ACK/NACK is reduced down to 16 or 12 the gap to the reference curve further diminishes to a well acceptable level.
It should still be kept in mind that in a practical system the number of simultaneous UEs is often limited by inter-cell interference as indicated in e.g. [3].
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Figure 5. 2-bit ACK/NACK BER in TU 360 km/h channel,
4. Summary

In this contribution the high speed performance of the current  working assumption for ACK/NACK structure was studied. It was noted that the sequence allocation plays a key role in optimizing the PUCCH for high speed scenarios. Furthermore, it was shown that with correct sequence allocation the performance remains good even at 360 km/h.
 Based on the simulations it can be concluded that there is no need to specify any special structure to provide additional support for high speed UEs. 
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