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1. Introduction
According to the agreed schedule for eNodeB demodulation performance requirements, ideal results for the PUCCH are to be provided in RAN4#44-bis.  However, PUCCH details are still being finalized in RAN1 and may not be completed in time.  This contribution provides some recommendations and suggested parameters in order to progress work on PUCCH performance requirements.
2. ACK/NACK
In [1], comprehensive set of test cases for the ACK/NACK were presented.  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
	Truncated frequency-domain Zadoff-Chu sequence of length 13

	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-OFDM 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.
3. CQI
The agreed CQI structure for normal cyclic prefix is shown in Figure 2.  In RAN1#49, some agreements were reached regarding CQI reporting, including support for wideband CQI report (up to 5 bits), multi-band CQI report (up to 5 bits per reporting band), and CQI reports for applicable MIMO schemes.  In addition, the total number of CQI bits in a PUCCH subframe per UE shall not exceed approximately 10 bits.  This, however, does not preclude large CQI reports spanning multiple sub-frames or repetition of CQI reports to provide greater coverage.
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Figure 2.  CQI structure (normal cyclic prefix, only 1 slot shown).
Table 2 provides recommended parameters for the CQI tests.  Note that since performance will be worst with narrowband CQI report (~10 bits per sub-frame), it is used as a benchmark for performance requirements.  Since CQI coding has not been decided, uniformly punctured (32, 10) Reed-Muller coding used for TFCI coding may be used in the interim.

Table 2.  Proposed CQI parameters.

	Parameter
	Proposal

	CAZAC Sequence
	Same sequence as the demodulation reference signal.

	Demodulation Reference signal
	Truncated frequency-domain Zadoff-Chu sequence of length 13

	CAZAC sequence hopping
	Off

	CQI reporting type
	Narrowband CQI report (10 bits)

	CQI modulation
	QPSK

	CQI coding
	Uniform puncturing of (32, 10) Reed-Muller code to generate (20, 10) codeword

	CQI block error rate
	10-2


4. ACK/NACK + CQI
When CQI is to be transmitted simultaneously with ACK/NACK, TDM multiplexing structure similar to those shown in Figure 3 for the normal cyclic prefix is the working assumption.  In this case, ACK/NACK and CQI are separately coded and occupy distinct SC-FDMA symbols while sharing the demodulation reference signals.  In practice, this situation may occur quite frequently due to e.g. fast CQI reporting period, persistence scheduling, re-transmission with synchronous H-ARQ, for delay sensitive services such as VoIP, etc.  Although this issue may be somewhat alleviated by scheduling around the CQI transmission.  However, this imposes restrictions on the scheduler and may not be practical in many scenarios. 
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Figure 3.  Example of CQI and ACK/NACK transmission from the same UE.

In this case, performance of both the CQI and ACK/NACK degrade due to reduced coding or spreading, and reduced time diversity.  This performance loss may be considered as additional power offset required when ACK/NACK and CQI are time multiplexed. It should be discussed whether additional tests are required to address situations when ACK/NACK is multiplexed with CQI.
5. Multiplexing of control with data
To preserve the single-carrier property of uplink transmission, L1/L2 control signalling must be multiplexed with data prior to the DFT when both data and control are to be transmitted in the same sub-frame.  This may be accomplished by puncturing the data stream to provide room for control signalling.    Naturally, control performance requirements should be the same regardless of method of transmission.  Multiplexing of control signalling with uplink data is challenging due to the different performance requirements between data and control.
It should be discussed whether additional tests are required to address situations when control is multiplexed with data.    However, due to the considerable testing complexity, it is recommended that no additional test cases are defined.
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