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Summary
We propose the following UL control signaling structure for E-UTRA:

· Data associated control not needed

· UE obeys scheduler grant on MCS and bandwidth usage
· Control Data multiplexing

· Control always spans entire 1ms TTI

· When no simultaneous data transmission

· Implicit mapping between DL virtual RB ID and frequency/code location of ACK
· Number of ACKs is less than or equal to number o DL virtual RB assigned to a UE

· Pre-assigned frequency location for CQI and MIMO support channels

· When simulatenous data transmission

· Control information multiplexed along with data in the RB intended for data
· Control+data spans the entire 1ms TTI

· Control waveform

· When no simultaneous data transmission

· Frequency hopped LFDM

· When simultaneous data transmission

· Same LFDM structure as data

· Control structure
· Hybrid FDM-CDM

· Small frequency domain CDM span (60 KHz) per hop to retain orthogonality

2
Control + Data Multiplexing

In the last meeting, it was agreed that the control channel design should be such that a single carrier waveform is always preserved, regardless of whether data is simultaneously transmitted or not.

In the absence of any data transmission, the control channels are transmitted in either pre-assigned locations (CQI) or as an implicit function of DL virtual RB ID (ACK). 

In the presence of data transmission, the control channels are multiplexed with data prior to the DFT operation at the transmitter. Further, the control and data span the entire 1ms TTI.

This is shown in Figure 1.

The top figure shows the control structure in the absence of any data transmission for the magenta colored user. Note that the frequency hopping is done such that it maximizes intra-TTI frequency diversity.

The bottom figure shows the control structure when the magenta colored user transmits data in the same TTI. Note that the control information is transmitted during the entire 1ms TTI. 
[image: image1.emf] 

0. 5  ms

Freq

LB

P Data Data Data Data Data P Data

SB LB LB LB LB LB SB

Control Control Control Control Control Control P P

0.5  ms

LB

Data Data Data Data Data P Data

SB LB LB LB LB LB SB

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

P

Control Control Control Control Control Control P P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

0. 5  ms

Freq

LB

P Data Data

Data

Data Data P Data

SB LB LB LB LB LB SB

0.5  ms

LB

Data Data Data Data Data P Data

SB LB LB LB LB LB SB

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

Control 

+ 

Data

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

Control 

+ 

Data

P P P P

Data Data Data Data Data Data Data Data Data Data Data P P P P

Control Control Control Control Control Control P P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

Control Control Control Control Control Control P P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control

Control Control Control Control Control Control P P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control

Control

Control Control Control Control Control Control P P

Control

Control Control

P

P

P

P Control Control Control Control

Control Control Control Control Control


Figure 1

Control + Data Multiplexing

We need to make sure that the Rx SNR on control channels does not vary as and when data needs to be transmitted in the uplink.

Consider the case wherein the eNB maintains a reference Rx SNR based on a reference signal that is periodically transmitted (such as CQI or broadband pilot). The Rx data SNR depends on the assigned bandwidth and a PSD offset that the UE uses when it transmits any data.
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When only control is transmitted, we have:
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Note that the PSD offsets for control and data already account for the fact that the Rx interference PSD on the pre-allocated control and data regions need not be the same.
When both control and data are transmitted by multiplexing prior to DFT operation, we need to ensure that the control SNR is at least what it would have been had data not been transmitted.
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Therefore, the UE chooses a control power offset given by:
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The default power offset could be 0 dB, if the calculated power offset is negative. Note that the assigned data bandwidth is typically greater than control bandwidth. Therefore, if the nominal PSD offset is the same on control and data, the control power offset is 0 dB.
3
ACK Structure

To retain an orthogonal ACK structure, there are at least 3 ways of transmitting ACK:

· FDM

· No loss in orthogonality regardless of channel delay or Doppler spread

· Potential issues with interference diversity and number of RS available

· Frequency domain CDM

· Post DFT modulation symbols are multiplied by an orthogonal sequence in frequency domain

· Loss in orthogonality depends on channel delay spread

· Time domain CDM

· Post DFT modulation symbols are multiplied by an orthogonal sequence in time domain within a subframe

· Loss in orthogonality depends on channel Doppler spread

· Hybrid FDM-CDM

· Combination of FDM and FD-CDM (and possibly TD-CDM)

Figures 2 and 3 illustrate FDM ACK with 6 ACKs from 6 different users.

Figures 4 and 5 illustrate hybrid FDM-CDM, with CDM in frequency domain. At least for the long CP based uplink subframe format, orthogonal CDM over 180 KHz is not feasible.
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Figure 2

FDM ACK – 30 KHz per Hop
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Figure 3

FDM ACK – 60 KHz per Hop
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Figure 4

Hybrid FDM/CDM ACK – 60 KHz per Hop
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Figure 5

Hybrid FDM/CDM ACK – 180 KHz per Hop
4
Simulations

In this section, we evaluate the performance of ACKCH with 30 kHz (FDM) and 180 kHz (FDM-CDM) bandwidth allocation. This corresponds to Figures 2 and 5 respectively.
The receiver assumes that the channel frequency response is flat over the allocated ACK bandwidth. This corresponds to the underlying design assumptions for FDM and CDM structures.

Table 2 outlines the simulation assumptions and Table 3 outlines the MCS.
	Parameter
	Value

	TTI
	1 ms

	Waveform
	LFDM

	Frequency Hopping (FH)
	Yes

	Intra-TTI Frequency Diversity
	Yes

	Channel Estimation
	Per Hop

	Receiver
	Linear SFE


Table 2

Waveform
	Parameter
	Freq Domain

Spreading Code
	Bandwidth per LB
	Number of LBs used
	Bandwidth per SB
	Number of SBs used

	FDM
	Chu
	30 KHz
	12
	30 KHz
	4

	FDM-CDM
	Chu
	180 KHz
	12
	180 KHz
	4


Table
5
Candidate MCS – ACKCH – 30 KHz vs. 180 KHz

The rest of the simulation assumptions are as follows:

· Two Rx antennas
· GSM TU channel – 30 kph
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Figure 6
ACKCH – AWGN
[image: image11.jpg]BER

10

ACKCH - TU30

T

—e— FDM-CDM - 180 KHz
—&—FDM- 30 KHz

14

EF]

0

% %
Es/Nt Per Antenna (dB)





Figure 7

ACKCH – TU 30
We observe the following:
· As a sanity check, there is no performance difference in AWGN

· In TU channel, there is a 0.6 dB loss in link efficiency when we assume that the channel frequency response is flat over 180 KHz as opposed to 30 KHz

· This implies that if other ACK channels are transmitted by other users on the same bandwidth, the degradation is worse

Therefore, even in the short CP scenario, the ACK should span a smaller bandwidth, preferably 60 KHz, to maintain orthogonality.
6
Mapping from Assigned RB to ACKCH

To avoid unnecessary signaling, we propose to have a one-to-one implicit mapping between the number of assigned DL VRBs and number of ACK resources (bandwidth/code) in the uplink. 

Nominally, this implies that the number of ACK resources used is proportional to the assigned VRBs on the shared data channel. This is shown in Figure 8.
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Figure 8

Implicit Mapping from Shared Data Channel to ACKCH – Nominal Overhead
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Figure 9

Implicit Mapping from SDCH to ACKCH – Reduced Overhead
However, there are situations wherein a large number of VRBs are assigned to a given UE. Given that the ACKCH is designed such that even if a UE uses only one ACK resource, the QoS is met, then, the UE need not use all ACK resources even if all DL VRBs are assigned to it. This is shown in Figure 9.
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