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1
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

· Non data-associated control channels
· ACK

· CQI

· Base + delta CQI for multiple layers
· MIMO support 

· Antenna selection

· Precoding matrix indication

· Control Data multiplexing

· Control always spans entire 1ms TTI

· No simultaneous data transmission

· Implicit mapping between DL virtual RB ID and frequency location of ACK
· Pre-assigned frequency location for CQI and MIMO support channels

· Simulatenous data transmission

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

· Control waveform

· No simultaneous data transmission

· Frequency hopped LFDM

· Simultaneous data transmission

· Same LFDM structure as data

· Control coding

· ACK

· One ACK per layer

· Jointly coded across all layers to a UE

· CQI

· 8 information bits

· 5-bit base layer CQI

· 3-bit differential CQI

· Antenna selection

· Used for 4 Tx antennas only

· 4 information bits

2
Control + Data Multiplexing

From our viewpoint, 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. 
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Figure 1

Control + Data Multiplexing

3
ACK Structure

In the presence of SU-MIMO or SDMA (MU-MIMO), each layer needs to be acknowledged in one form or another.
We propose to ACK each layer independently of the other – this is the most robust form of ACK operation for SIC and non-SIC based receivers and preserves commonality between SU-MIMO and SDMA.

Figures 2 and 3 outline the ACK structure with 4 layers transmitted on 1 and 2 downlink RB respectively. 

In case of SDMA, the assumption is that each ACK belongs to a separate user.
It is seen that in the extreme SDMA scenario (4 layers on 1 RB), the ACK TTI per user reduces to 0.5ms. This leads to a degraded link performance.
Figure 4 shows the ACK structure with 2 layers and 1 DL RB. Again, in this case, the effective ACK TTI reduces to 0.5ms, degrading the link performance. 
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Figure 2

4x4 MIMO – ACK – DL VRB = 1
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Figure 3

4x4 MIMO – ACK – DL VRB = 2
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Figure 4

2x2 MIMO – ACK – DL VRB = 1
4
Simulations

In this section, we evaluate the performance of ACKCH and CQICH.
Table 2 outlines the simulation assumptions. We consider intra-TTI and no intra-TTI frequency hopped LFDM as the candidate waveforms.

Tables 3 and 4 outline the MCS used for ACK and CQI respectively.
	Parameter
	Value

	TTI
	1 ms

	Waveform
	LFDM

	Frequency Hopping (FH)
	Yes

	Intra-TTI Frequency Diversity
	{No, Yes}

	Channel Estimation
	Per Hop

	Receiver
	Linear SFE


Table 2

Waveform Comparison for ACKCH
	Parameter
	Payload 
	Modulation
	Coding Scheme
	Bandwidth per LB
	Number of LBs used
	Bandwidth

per SB
	Number of SBs used

	Individual

coding I
	1
	BPSK
	Repetition
	30 KHz
	12
	30 KHz
	4

	Individual

coding II
	2
	BPSK
	Repetition
	
	12
	
	4

	Individual

coding III
	4
	BPSK
	Repetition
	
	12
	
	4

	Joint

coding  I
	2
	QPSK
	[48,2] RM
	
	12
	
	4

	Joint

coding II
	4
	
	[48, 4] RM
	
	
	
	


Table 3

Candidate MCS – ACKCH

	Parameter
	Modulation
	TB Size
	Bandwidth per LB
	Number of LBs used
	Bandwidth per SB
	Number of SBs used

	CQICH
	QPSK
	8
	30 KHz
	12
	30 KHz
	4


Table
4
Candidate MCS – CQICH

The rest of the simulation assumptions are as follows:

· Two Rx antennas
· GSM TU channel – 30 kph
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Figure 5

SU-MIMO – Individual Coding – 1 hop / TTI
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Figure 6

SU-MIMO – Individual Coding – 2 hops / TTI
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Figure 7

SU-MIMO – Joint Coding – 1 hop / TTI
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Figure 8

SU-MIMO – Joint Coding – 2 hops / TTI

	Individually coded
	Error Rate = 1%

	
	1 hop
	2 hops

	1 info bits
	0 dB
	-1.4 dB

	2 info bits
	2.8 dB
	0.5 dB

	4 info bits
	5.3 dB
	2.7 dB


Table 5

SU-MIMO – Individual Coding – Target Es/Nt per Antenna

	Jointly coded
	Error Rate = 1%

	
	1 hop
	2 hops

	1 info bits
	0 dB
	-1.4 dB

	2 info bits
	2.1 dB
	0.5 dB

	4 info bits
	4.1 dB
	2.1 dB


Table 6

SU-MIMO – Joint Coding – 2 hops / TTI – Target Es/Nt per Antenna

It is seen that in all SU-MIMO scenarios, joint coding with intra-TTI hopping achieves the best link performance.
[image: image9.emf]
Figure 9

SDMA – Individually Coded – 2 hops / TTI
	Individually coded
2 hops / TTI
	FER

	
	10 %
	1 %

	1 info bits
	-7.2 dB
	-1.4 dB

	2 info bits
	-1.6 dB
	4.8 dB

	4 info bits
	3.8 dB
	9.4 dB


Table 7

SDMA – Individual Coding – 2 hops / TTI
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Figure 10

CQICH – [48,8] Code
In Figure 10, below 10% error rate, the link performance is better with 2 hops per TTI.
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