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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

· One ACK per codeword

· CQI

· Base + delta CQI for multiple codewords

· MIMO support 

· Antenna selection/Precoding matrix indication

· Control transmissions – No simultaneous data transmissions

· Control always spans entire 1ms TTI

· Transmitted in a set of reserved RBs

· The number of reserved RBs is configured by BCH or L3 signaling

· Multiple access

· Hybrid FDM-CDM are supported for UE multiplexing

· Each UE is assigned a set of cyclically shifted ZC sequence

· The used ZC sequence by each UE varies in time within the TTI

· Equivalent to ZC sequence hopping

· ZC sequences are modulated by ACK or CQI or ACK+CQI modulation symbols

· Implicit mapping between DL virtual RB ID and used ZC sequence hopping pattern
· Only one ACK per codeword is sent up when there are multiple DL VRBs are allocated

· Pre-assigned ZC sequence set for CQI and MIMO support channels

· ACK + CQI Multiplexing

· ACK/NACK is jointly encoded with CQI when the same UE needs to transmit both ACK and CQI simultaneously

· Different PSD offset relative to the reference level is applied with ACK only, CQI only and both ACK and CQI transmission to guarantee the required quality

· Intra-TTI hopping can be used to maximize frequency diversity

· Simulatenous data transmission

· Control information multiplexed along with data in the RB intended for data

· Control+data spans the entire 1ms TTI

We propose to adopt the following for the structure of uplink demodulation RS in E-UTRA:

2
Discussion
2.1
Multiple Access – ACK or CQI
Consider a ZC sequence of natural length N and base sequence parameter λ as shown below:
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We define a cyclically shifted sequence as follows:
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The input signal to IFFT from each UE is:
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Therefore, for each LFDM symbol index, user i modulates a different cyclic shift of the base ZC sequence.
Such a ZC sequence hopping approach ensures that adjacent cell interference is randomized on the control channels. Note that these ZC sequences are not scrambled, so sequence hopping provides the only mechanism for interference randomization, especially for ACK channel.
2.2
Mapping from DL VRB to UL ACK

We propose to adopt an implicit one-to-one mapping from DL VRB index to UL ACK location in frequency and time varying cyclic shift.

Let there be m cyclic shifts of ZC sequences defined per UL RB. 


[image: image5.wmf]}

1

)

/

(

,

,

1

,

0

{

index

  

  ACK  RB

UL

}

1

,

,

1

,

0

{

index

  

VRB

  

DL

}

1

,

,

1

,

0

{

-

=

=

-

=

=

-

=

+

×

=

m

N

b

N

i

m

k

k

m

b

i

VRB

VRB

K

K

K


Then, we define:
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2.2
ACK + CQI Multiplexing – No data transmissions
When a UE needs to transmit both ACK and CQI, ACK and CQI are jointly encoded prior to transmission.

Consider the short CP numerology with 7 LFDM symbols per slot and assume 1 LFDM symbol for RS.

ACK only transmissions

[24, 2] repetition code – QPSK modulation – 12 modulation symbols per 1ms TTI

CQI only transmissions

[24, 8] 2nd order RM code – QPSK modulation – 12 modulation symbols per TTI

ACK + CQI transmissions

[24, 10] 2nd order RM code – QPSK modulation – 12 modulation symbols per TTI
In other words, the number of information bits changes when ACK and CQI are multiplexed together, but the number of code symbols remains the same.
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