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1 Introduction
In RAN1 #51, the following decision was made regarding simultaneous transmission of uplink ACK/NAK and CQI signals on PUCCH from the same user:

· Normal CP

· RS is modulated to indicate ACK/NAK

· CQI transmitted on non-RS LFDM symbols by modulating CAZAC signals

· Extended CP

· ACK/NAK and CQI are encoded jointly prior to transmission

We believe there are serious issues associated with the scheme for normal CP, especially at high Doppler. Our simulations indicate that the scheme simply breaks down at 350 kph and this is unacceptable to us.

In this document, we analyze multiple schemes for simultaneous transmission of ACK/NAK and CQI signals on PUCCH. The schemes are outlined below:
· Joint coding

· Individual coding

· Scheme 1 – ACK/NAK signaled using modulated RS

· Scheme 2 – ACK/NAK and CQI signals multiplexed prior to DFT and transmitted using time domain CDM

· Scheme 3 – ACK/NAK and CQI transmitted together using higher order modulation (8PSK or 16QAM)
2 Design Choices for ACK/NAK + CQI
We assume the following:
· Nominal CQI information bits = 5 for SIMO and 8 for MIMO
· Nominal ACK information bits = 1 for SIMO and 2 for MIMO
Figure 1 shows the PUCCH structure with normal CP for CQI or jointly coded CQI + ACK transmissions.
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Figure 1

Normal CP – CQI
The evaluated candidate coding structures are explained in the following section.

2.1


Joint Coding

In this structure, ACK/NAK and CQI signals are jointly encoded prior to transmission.
2.2


Modulated RS structure
In this individual coding structure, the RS transmitted on symbols 1 and 5 per slot is modulated to indicate multiple ACK states:

· SIMO or SDMA

· 3 states – ACK/NAK and missed PDCCH

· SU-MIMO

· 5 states – ACK/NAK for TB 1 & 2 and missed PDCCH

2.3


DFT Spread structure
In this individual coding structure, ACK/NAK and CQI signals are multiplexed before DFT prior to transmission.
2.4


Hierarchical Modulation
In this individual coding structure, ACK/NAK and CQI signals are mapped to different bits in 8PSK or 16-QAM constellations.

[image: image2.emf]0001 1001 1011

0000 0010 1000 1010

1100 1110

1101

1111

0100 0110

0101 0111

0011 0001 1001 1011

0000 0010 1000 1010

1100 1110

1101

1111

0100 0110

0101 0111

0011


Figure 2

16-QAM Constellation
The ACK/NAK bits are mapped to the MSBs and CQI bits are mapped to the LSB in this 16-QAM constellation. It is seen that due to the mapping, the ACK/NAK bits are protected better.
3 Simulation Setup

This section summarizes detailed simulation assumptions used for the CQI+ACK channel analysis. 

3.1


Numerology and Other Simulation Assumptions
Table 1 summarizes the basic system parameters for the link level evaluation. 
	CP configuration
	Normal CP

	TTI
	1 ms

	Intra-TTI frequency hopping
	Enabled

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	Modulation
	QPSK or 16-QAM

	Channel
	TU30, TU350


Table 1

Evaluation Numerology
3.2


Performance

Figures 3, 4, 5 and 6 compare the performance of joint coding vs. hierarchical coding vs. modulated RS vs. DFT spreading based structure.
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Figure 3

Joint Coding vs. Hierarchical Coding
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Figure 4

Joint Coding vs. Modulated RS
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Figure 5

Joint Coding (6 users) vs. DFT Spreading (2 users)
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Figure 6

Joint Coding (6 users) vs. DFT Spreading (4 users)
The exact performance comparison depends on the target erasure rates for CQI and the target ACK/NAK error rates.
	Parameter
	Joint Coding
	Hierarchical Coding
	Modulated RS
	DFT Spread
	DFT Spread

	Target Es/Nt
	8.2 dB
	16.0 dB
	Error Floor
	9.2 dB
	Error floor

	Number of Users
	6
	6
	6
	2
	4


Table 1

ACK error rate ≤ 1% and CQI erasure rate ≤ 1%
	Parameter
	Joint Coding
	Hierarchical Coding
	Modulated RS
	DFT Spread
	DFT Spread

	Target Es/Nt
	11.0 dB
	16.0 dB
	Error Floor
	9.2 dB
	Error floor

	Number of Users
	6
	6
	6
	2
	4


Table 2

NAK error rate ≤ 0.1% and CQI erasure rate ≤ 1%
	Parameter
	Joint Coding
	Hierarchical Coding
	Modulated RS
	DFT Spread
	DFT Spread

	Target Es/Nt
	8.2 dB
	11.5 dB
	Error Floor
	6.3 dB
	Error floor

	Number of Users
	6
	6
	6
	2
	4


Table 3

ACK error rate ≤ 1% and CQI erasure rate ≤ 10%

	Parameter
	Joint Coding
	Hierarchical Coding
	Modulated RS
	DFT Spread
	DFT Spread

	Target Es/Nt
	11.0 dB
	11.5 dB
	Error Floor
	9.2 dB
	Error floor

	Number of Users
	6
	6
	6
	2
	4


Table 4

NAK error rate ≤ 0.1% and CQI erasure rate ≤ 10%
5. Summary
In this document, we analyzed multiple designs for multiplexing of ACK/NAK and CQI signals. Based on the analysis, we observe that joint coding maximizes multiplexing capability and link efficiency.

The performance in TU350 with modulated RS structure clearly shows an unacceptable error floor. The performance with DFT spread structure also has an error floor when the number of users equals 4 (this is already less than what can be achieved with joint coding or hierarchical coding). The performance can be improved by further reducing the number of users to 2. This leads to a severe loss of multiplexing capability with DFT spread structure.
Based on these results, we propose the following for ACK/NAK and CQI multiplexing for normal CP:
· Remove current working assumption of modulated RS based ACK/NAK and CQI transmissions
· Use joint coding to transmit ACK/NAK and CQI simultaneously
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