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1
Introduction
The resources occupied by a UE when it transmits PUCCH include RB ID, freq domain CDM code (ZC cyclic shift) and in case of ACK, time domain CDM code (orthogonal cover).
In TDD systems, we need to consider asymmetric DL/UL scenarios in the system wherein:
· UE needs to transmit ACK for multiple downlink subframes in a given uplink subframe
· UE needs to transmit ACK for multiple downlink subframes + potential CQI in a given subframe

· System configuration might be asymmetric, but symmetric configuration for a given UE

· N:1 system configuration

· 1:1 UE configuration

In this document, we outline the structure for uplink ACK, CQI and ACK+CQI for asymmetric TDD configurations.
2
PUCCH – FDD 
The PUCCH structure for FDD has the following properties:

· UE assigned a ZC sequence, which is modulated by data

· ACK

· Frequency domain CDM using multiple cyclic shifts

· Time domain CDM using orthogonal cover

· Number of modulation symbols per subframe = 1

· Number of data symbols per subframe = 8

· CQI

· Frequency domain CDM using multiple cyclic shifts

· Number of modulation symbols per subframe = 10
· Number of data symbols per subframe = 10

The structure for ACK plus CQI has not been decided yet, but we propose a joint coding structure wherein ACK and CQI are jointly coded, prior to transmission. The transmission scheme is identical to CQI.
Assuming 8-bits for CQI and at most 2-bits for ACK, we have:

· ACK

· [16, 2] repetition code

· Modulation symbol level repetition

· CQI

· [20, 8] code

· ACK plus CQI

· [20, 10] code

We observe that as the number of DL processes for which ACKs increases, the FDD structure becomes impractical.
In a 4:1 scenario, a UE might have to transmit up to 8 ACK bits per TTI. When CQI is also present, the UE has to transmit an additional 8 bits for CQI. 

The FDD PUCCH structure breaks down in this scenario.

3
PUCCH – TDD
3.1
PUCCH ACK – TDD 

There are two options for coding of ACK bits for N DL subframes in a single UL subframe:
· Individual coding

· ACK for each process is coded separately

· Structure is similar for users operating in 1:1 and N:1 mode

· Structure is not scalable for asymmetric scenarios

· Joint coding

· ACK bits for all N processes are coded together

· Coding structure

· Need additional bits to indicate missed DL assignment

· UE DTX on uplink if it misses all DL assignments

· Number of bits

· SIMO and SDMA ( ceil(log2(3^N))

· SU-MIMO ( ceil(log2(5^N))

· Structure is scalable even for highly asymmetric scenarios

Proposal

· Joint coding structure for users transmitting ACKs for multiple DL processes

· Ensure co-existence of users operating in N:1 mode and 1:1 mode

· Ensure co-existence of users transmitting ACK or CQI or ACK plus CQI

3.2
PUCCH ACK plus CQI – TDD 

Assuming that we need a 8-bit CQI and 2-bits per ACK, the total number of information bits equals 8+(N*2), wherein N denotes the number of DL processes being acknowledged.

Proposal
· Joint coding of CQI bits and ACK bits for multiple DL processes
· Multiple payload sizes to accommodate varying configurations

· Users operating in N:1 mode and 1:1 mode

· SIMO/MU-MIMO and SU-MIMO users

3.3
Multiplexing Structure

Table 1 outlines the multiplexing structure for PUCCH data in different configurations:
	Scenario
	Design
	ACK
	CQI
	ACK plus CQI

	FDD
	Coding
	Individual
	-
	Joint

	
	Signaling basis
	Modulated  ZC
	Modulated ZC
	Modulated ZC

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

	TDD

(1:1)
	Coding
	Individual
	-
	Joint

	
	Signaling basis
	Modulated ZC
	DFT spread OFDM
	DFT spread OFDM

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

	TDD

(N:1)

(N > 1)
	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 – FS1
We observe the following for TDD:

· DFT spread OFDM structure allows for a larger payload while keeping the code rate low

· 24 modulation symbols per subframe ( 48 coded bits using QPSK modulation

· Allows for the transmission of 8-bit CQI and 8-bit ACK

· Time domain CDM component allows for co-existence of

· ACK transmissions of 1:1 and N:1 users

· CQI transmissions

· ACK plus CQI transmissions 

· Frequency domain CDM used only for ACK transmissions by users in 1:1 mode
Table 1 does not outline the RS multiplexing structure, which can still be similar to FDD.
4
UL Control on PUSCH

When UL ACK and CQI are transmitted on PUSCH, we propose the following for both TDD and FDD:
· Channels multiplexed with data prior to DFT

· ACK for multiple processes (valid only for TDD)
· Coded separately

· Occupy separate resource elements prior to DFT

· CQI

· Coded separately from ACK

5
Summary

We propose to adopt the TDD uplink control coding and multiplexing principles outlined in sections 3 and 4. They can be summarized as follows:

· ACK for multiple processes coded together

· ACK and CQI jointly coded prior to transmission

· Structure for CQI, ACK plus CQI and ACK for multiple processes

· DFT spread OFDM

· Time domain CDM

· Structure for ACK for single process (1:1 mode)

· Modulated ZC sequence

· Time and frequency domain CDM








































































































































































































































































































































































































































































































































































































































































































































































































































