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Introduction
This document presents revised PUCCH simulation assumptions according to the last RAN1 decisions.
Proposal
1. Introduction

To be able to align simulation results for PUCCH between companies a set of common assumptions is needed. In this contribution we outline these assumptions.

A lot of assumptions are common to all uplink simulations and these are outlined in [1]. In order to facilitate discussions we refer to the assumptions made for PUSCH as much as possible and only elaborate on the differences.

This contribution is an update of [2]. The update is a change of demodulation reference signal and a removal of one of the TDD frame structures, according to the last RAN1 decisions.
2. Assumptions

2.1 Radio Channel models

The same models used in [1] can also be used for PUCCH simulations.

2.2 Noise model

The same models used in [1] can also be used for PUCCH simulations.

2.3 Channel bandwidths

There are a number of different channel bandwidths defined. However it is believed that the most stringent requirements will result from 6 RB channel bandwidth since this results in the largest correlation between the control channels. 

It should be noted that it is necessary to develop requirements for each channel bandwidth that an eNodeB supports.

2.4 Channel estimation and equalization

The same models used in [1] can also be used for PUCCH simulations.

The ML channel estimator and MMSE equalizer should always be used.

2.5 Timing estimation

The same models used in [1] can also be used for PUCCH simulations.

2.6 Modulation and coding


In order to construct an ACK/NACK signal, several parameters must be known including CAZAC sequence and cyclic shift, orthogonal covers for both reference signal and ACK/NACK, and hopping sequence pattern. Figure 1 illustrates the ACK/NACK channel structure for the normal cyclic prefix (only 1 slot is shown).   For this case, the middle 3 SC-FDMA symbols are occupied by the demodulation reference signals. 
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Figure 1.  ACK/NACK channel structure.

Performance in a single user test is not expected to be sensitive to the choices of the CAZAC sequence and orthogonal covers.  However, some parameters should be defined in order to properly align the tests.  Table 1 provides of the proposed parameters.

Table 1.  Proposed ACK/NACK parameters.

	Parameter
	Proposal

	CAZAC Sequence
	Same sequence as the demodulation reference signal.

	Demodulation Reference signal
	Computer generated sequence.

	ACK/NACK orthogonal cover
	Walsh-Hadamard sequence of length 4

	Reference signal orthogonal cover
	DFT sequence – length 3 for normal CP, length 2 for extended CP

	CAZAC sequence hopping
	Off

	ACK/NACK modulation
	BPSK


Note that within the control resource block the CAZAC sequence may change from SC-FDMA symbol to symbol (CAZAC sequence hopping).  For the tests, however, it is recommended that sequence hopping be turned off.  Also note that both 1-bit and 2-bit acknowledgements are supported using BPSK and QPSK modulation.  For testing purposes, it is proposed that only 1-bit ACK/NACK (BPSK) is used.






2.7 Cyclic prefix length

The same models used in [1] can also be used for PUCCH simulations.

2.8 Diversity schemes

The same models used in [1] can also be used for PUCCH simulations.

2.9 Performance measures PUCCH

DTX to ACK test: In some cases it is possible that the UE does not send any message at all even if it was supposed to. This may occur, for example, if the UE was in a DTX period and did not wake up to correctly receive the data intended for it. In that case the UE will transmit nothing, but the receiver may interpret the silence as ACK. We measure this probability.

ACK misdetection and NACK to ACK: We also measure that the probability that an ACK is not detected properly. In addition we measure the probability that a NACK is interpreted as an ACK.

The error probabilities for a specific SNR is determined in the following way:

1. The threshold used for the detector is determined using a fixed DTX to ACK error probability of 1%.
2. The other probabilities are determined by simulations with the parameters set above. The threshold for other probabilities should be SNR based or fixed depending on the simulator setup.
3. SNR levels are determined for the target error rates (1% for ACK missed detection and 0.01% for NACK to ACK).
The need for specific test of ACK/NACKs multiplexed onto PUSCH is FFS.

The need for test of CQI reception and the configuration of these tests is FFS.

2.10 Suggested simulation parameters for PUCCH

To be able to appreciate the full parameter space and the number of requirements to set we group the parameters into orthogonal groups. In each group there are a number of parameter combinations. Then each parameter combination has to be tested together with all combinations in the other groups.

It should be noted that the DTX to ACK test is independent of most of the parameters since no signal is actually transmitted.
2.10.2 Duplex mode Channel Bandwidth and diversity schemes

The same models used in [1] can also be used for PUCCH simulations.

2.10.3 Propagation conditions and cyclic prefix length

The table below outlines the combinations of channel model and cyclic prefix lengths to test.

	
	Propagation model

	Cyclic prefix length
	EPA 5Hz
	EVA 5Hz
	EVA 70Hz
	ETU 70 Hz
	ETU 300 Hz

	Normal
	
	
	
	
	

	Extended
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