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1
Introduction
In R1-080482, it was agreed that for transmission of ACK/NAK on the PUCCH, the following modes are allowed:
· Single ACK/NAK Feedback - ACK/NAKs from one or several DL subframes are combined (“bundled” by performing AND of all the AK/NAks) to a single ACK/NAK report. The PUCCH formats already defined for LTE are reused (PUCCH Format 0 and 1). This is supported by TDD UEs.

· Multiple ACK/NAK Feedback: - Individual ACK/NAKs from each of the DL subframes assigned are transmitted. The PUCCH format need to support multiple bits and can be based on DFT-S-OFDM / modified CAZAC sequence with joint coding The inclusion of this scheme (and the details) are FFS.
This document proposes a way forward for the multiple ACK/NAK feedback.
2
Proposal

The proposal is best captured in Table 1, and includes all the cases. In particular, it uses the same method as FDD for 1:1 for ACK/NAK transmission. For asymmetric TDD systems, we propose to use DFT-spread OFDM instead of CAZAC sequences, but employing individual coding for the various ACK/NAKs. Furthermore, for extreme asymmetry (4:1 or higher), joint coding is advocated.
	Scenario
	Design
	ACK
	CQI
	ACK plus CQI

	FDD
	Coding
	-
	-
	Independent (normal CP)
Joint (ext CP)

	
	Signaling basis
	Modulated ZC
	Modulated ZC
	Modulated ZC

	
	Multiplexing
	TD-FD-CDM
	FD-CDM
	FD-CDM

	TDD

(1:1)
	Coding
	-
	-
	Independent (normal CP)
Joint (ext CP)

	
	Signaling basis
	Modulated ZC
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-FD-CDM
	TD-CDM
	TD-CDM

	TDD

(N:1)

(N=2,3)
	Coding
	Individual
	-
	Independent

	
	Signaling basis
	DFT spread OFDM
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-CDM
	TD-CDM
	TD-CDM

	TDD

(N:1)

(N > 3)
	Coding
	Joint
	-
	Joint

	
	Signaling basis
	DFT spread OFDM
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-CDM
	TD-CDM
	TD-CDM


Table 1

PUCCH Data – TDD and FDD

.
3
Recommendation
Based on the analysis in [1], we propose that PUCCH Format 1 be used for DFT-SOFDM for good multiplexing capability, and uniform operation across all speeds. We recommend the structure specified in Table 1 be used for UL control for TDD.In a nutshell, this implies the following:
· Same method as FDD for 1:1 TDD. 

· For asymmetric TDD systems with small asymmetry (2:1 of 3:1), use DFT-spread OFDM instead of CAZAC sequences, but employing individual coding for the various ACK/NAKs. Independently encode CQI and the collection of ACK/NAKs when transmitted simultaneously. 

· Furthermore, for extreme asymmetry (4:1 or higher), use joint coding of all the control information with DFT-spread OFDM transmission.
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