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1
Introduction
The CDM/FDM structure of PUCCH, specifically ACK and CQI signals, has been agreed upon in the past few RAN1 meetings.
In this document, we discuss the multiplexing of uplink SRS and PUCCH, along with the impact on PUCCH transmission.

2
Uplink Sounding RS
The channel sounding RS is an orthogonal broadband pilot channel (SRS) that serves two purposes:
· Enable frequency selective scheduling
· Serves as a reference for closed loop power control

This is a separate PHY channel that is assigned to each UE by L3 signaling. Each UE periodically transmits its SRS, with a configurable periodicity.
The overall SRS structure is shown in Figures 1 and 2:
· 1 LFDM symbol in every N subframes is reserved for SRS
· SRS and PUCCH/PUSCH are time multiplexed
· PUSCH is rate matched around the SRS
· Both for scheduled data and CQI
The following SRS parameters are signaled to the UE:
· Base ZC sequence and a specific cyclic shift

· Bandwidth span

· Time/frequency hopping structure
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Figure 1

SRS Structure – Short CP
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Figure 2

Sounding RS – Long CP
3
Multiplexing of SRS and PUCCH – Short CP
The nominal PUCCH structure (in the absence of SRS) for short CP is shown in the Appendix and allows for:

· ACK

· 18 ACKs per RB

· 6 cyclic shifts (frequency domain CDM) * 3 orthogonal covers (time domain CDM)

· CQI

· 6 CQIs per RB

· 6 cyclic shifts (frequency domain CDM)

In figures 3 and 4, we outline the ACK structure when SRS is configured within the 1st slot of the subframe.

We observe the following:

· Structure A

· The UE transmits 3 ACK symbols in slot #0 and 4 ACK symbols in slot #1

· The time domain CDM is achieved by:

· Slot #0

· 3-pt DFT spreading code in slot #0 for ACK and RS

· Slot #1

· 4-pt orthogonal code (Hadamard or DFT) for ACK

· 3-pt DFT spreading code for RS

· The structure still allows for 18 ACKs per RB

· No change in ACK multiplexing capacity for low doppler

· Structure B

· The UE transmits 4 ACK symbols in slot #0 and 4 ACK symbols in slot #1

· The time domain CDM is achieved by:

· Slot #0

· 2-pt or 4-pt DFT spreading code for ACK
· 2-pt DFT spreading code for RS

· Slot #1

· 4-pt orthogonal code (Hadamard or DFT) for ACK

· 3-pt DFT spreading code for RS

· The structure allows for 12 ACKs per RB

· Reduced ACK multiplexing capacity for low doppler
· Optimized for high (SF=2) doppler configuration

· Same multiplexing capacity as nominal capacity of 12 ACKs per RB for SF=2 configuration
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Figure 3

SRS + ACK – Short CP – Structure A
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Figure 4

SRS + ACK – Short CP – Structure B
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Figure 5

SRS + CQI – Short CP – Structure A
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Figure 6

SRS + CQI – Short CP – Structure B
In figures 5 and 6, we outline the CQI structure when SRS is transmitted within the 1st slot of the subframe.

We observe the following:

· Structure A

· The UE transmits 4 CQI symbols in slot #0 and 5 CQI symbols in slot #1

· The effective code rate of CQI is increased
· Structure B

· The UE transmits 5 CQI symbols each in slots #0 and #1

· The effective code rate of CQI is unchanged, but the channel estimation losses are slightly higher in slot #0

· Both structures still allow for 6 CQIs per RB

· No change in CQI multiplexing capacity

4
Multiplexing of SRS and PUCCH – Long CP

The nominal PUCCH structure (in the absence of SRS) for long CP is shown in the Appendix and allows for:

· ACK

· 8 ACKs per RB

· 4 cyclic shifts (frequency domain CDM) * 2 orthogonal covers (time domain CDM)

· CQI

· 6 CQIs per RB

· 6 cyclic shifts (frequency domain CDM)

In figure 7, we outline the ACK structure when SRS is transmitted within the 1st slot of the subframe.

We observe the following:

· The UE transmits 3 ACK symbols in slot #0 and 4 ACK symbols in slot #1

· The time domain CDM is achieved by:

· 3-pt DFT spreading code in slot #0 for ACK
· 4-pt orthogonal spreading code (Hadamard or DFT) in slot #1 for ACK

· 2-pt orthogonal spreading code (Hadamard or DFT) for RS in both slots
· The structure still allows for 8 ACKs per RB

· No change in ACK multiplexing capacity
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Figure 7

SRS + ACK – Long CP
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Figure 8

SRS + CQI – Long CP
In figure 8, we outline the CQI structure when SRS is transmitted within the 1st slot of the subframe.

We observe the following:

· The UE transmits 4 CQI symbols in slot #0 and 5 CQI symbols in slot #1

· The effective code rate of CQI is increased from the nominal structure
· The structure still allows for 6 CQIs per RB

· No change in CQI multiplexing capacity

5
Summary

We propose to adopt the following for E-UTRA uplink:

· Short CP

· SRS multiplexing structure in figure 1

· SRS + ACK multiplexing structure based on figures 3 and 4
· Supports both low and high doppler

· SRS + CQI multiplexing structure based on either figure 5 or 6
· To be chosen based on simulation analysis for final CQI payload determined
· Long CP

· SRS multiplexing structure in figure 2

· SRS + ACK multiplexing structure in figure 7
· SRS + CQI multiplexing structure in figure 8

· Depending on the presence or absence of SRS, the multiplexing structure for ACK/CQI changes from the nominal structure (outlined in Appendix) to the one outlined above

Appendix

Figures 8-11 outline the nominal ACK and CQI multiplexing structures for short and long CP, in the absence of any sounding RS.
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Figure 9

ACK – Short CP
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Figure 10

CQI – Short CP
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Figure 11

ACK – Long CP
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Figure 12

CQI – Long CP








































































































































































































































































































































































































































































































































































































































































































































































































































