3GPP TSG RAN1 #49-bis   





                        R1-072706
Orlando, USA
June 25 – 29, 2007

Agenda Item:
5.13.2
Source:
Motorola

Title:
Uplink Transmission of CQI and Ack/Nack
Document for:
Discussion
1. Introduction

For uplink CQI transmission, CAZAC-based structure similar to that shown in Figure 1 is agreed.  However, when CQI is to be transmitted simultaneously with ACK/NACK, the multiplexing structure has not been determined.  This contribution analyzes different options for simultaneous transmission of CQI and ACK/NACK.  Based on the analysis, it is recommended that CQI and ACK/NACK are separately coded and multiplexed in a TDM fashion.
2. Uplink Control Signalling
The agreed CQI structure is shown in Figure 1 with the number and placement of reference signals to be determined.  In RAN1#49, some agreements were reached regarding CQI reporting, including support for wideband CQI report (up to 5 bits), multi-band CQI report (up to 5 bits per reporting band), and CQI reports for applicable MIMO schemes.  In addition, the total number of CQI bits in a PUCCH subframe per UE shall not exceed approximately 10 bits.  This, however, does not preclude large CQI reports spanning multiple sub-frames or repetition of CQI reports to provide greater coverage.
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Figure 1.  CQI structure - users are multiplexed using different cyclic shifts.
A similar CAZAC-based structure has also been agreed to for ACK/NACK transmission with the addition of time-domain spreading to increase the number acknowledgements within a resource block.  In addition, both 1-bit and 2-bit acknowledgements are supported using BPSK and QPSK modulation, respectively.  Table 1 provides the required quality targets for uplink control signalling.
Table 1.  Uplink control signalling target quality.

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(1e-2)

	DTX to ACK error (for DL-SCH)
	(1e-2)

	NACK to ACK error (for DL-SCH)
	(1e-4)

	CQI block error rate
	FFS (1e-2 – 1e-1)


3. CQI + ACK/NACK Transmission
Several options are possible for multiplexing of CQI and ACK/NACK - 

· Separate Coding: CQI and ACK/NACK are coded separately and transmitted in a TDM fashion.  Advantage of this option includes greater control of CQI and ACK/NACK error requirements, and the ability to multiplex ACK/NACK into CQI reports that are transmitted in multiple sub-frames (either for large CQI report or through the use of repetition) once CQI transmission has started. 
· Joint Coding: CQI and ACK/NACK are coded together. Advantage of this option includes some coding gain.  However, ACK/NACK cannot be multiplexed into CQI reports that are transmitted in multiple sub-frames (either for large CQI report or through the use of repetition) after the first sub-frame has been transmitted.
· No CQI + ACK/NACK Multiplexing: This could be handled by scheduling restriction that will ensure CQI and ACK/NACK will not be transmitted in the same sub-frame.  However, this may place unnecessary and complicated constraint on the scheduler.  Alternately, only ACK/NACK can be transmitted (CQI is not transmitted in the sub-frame).  This may result in some scheduling and resource allocation efficiency loss as some CQI reports will be lost. As a result, this option is generally not preferred.
As noted above, the main advantage for joint coding of CQI and ACK/NACK is the coding gain for the ACK/NACK.  However, there is an overall coding loss as more information bits must be transmitted.  Figure 3 - Figure 4 compares performance of joint versus separate coding for 5-bit CQI under TU 3 km/h channel with realistic channel estimation.  In both cases, only 1 RS was present per slot.  For the separate coding, 1 DFT-SOFDM symbol per slot was used for ACK/NACK as shown in Figure 2.  Receiver algorithms including channel estimation and decoding of CQI + ACK/NACK are described in [1].  In both cases, punctured (32, 10) Reed-Muller code was used to generate the required codes for the scenarios considered.  Note that in this analysis the number of CQI information bits transmitted remains the same for both multiplexing options.
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Figure 2.  CQI and ACK/NACK transmission from the same UE.

From the results shown, it is seen that at the ACK/NACK symbol error rate of 1e-4, separate coding outperforms joint coding by ~1 dB for 1-bit ACK/NACK.  However, for 2-bit ACK/NACK, joint coding outperforms separate coding by ~1 dB.  Thus, from the results shown joint coding only outperforms separate coding for with 2-bit ACK/NACK.  
4. Discussion
The following comparison and analysis may be drawn regarding the different multiplexing options –
· Support for CQI spanning multiple sub-frames (or CQI repetition) – With joint coding, once the first sub-frame containing CQI information has been transmitted, ACK/NACK can no longer be jointly coded with the CQI.  Since in general ACK/NACK is more important than CQI, several options are possible in this case - 
· Remaining CQI transmission is abandoned to accommodate ACK/NACK, wasting uplink resources and losing this CQI report.
· Scheduler prohibits data transmission for those sub-frames whose ACK/NACK will fall into the CQI transmission sub-frames.
· CQI is punctured and ACK/NACK is transmitted using TDM multiplexing, leading to two different multiplexing implementations.

With separate coding, CQI transmission can easily be punctured to accommodate ACK/NACK TDM multiplexing.
· ACK/NACK Performance – From the results shown, joint coding only outperforms separate coding for with 2-bit ACK/NACK.  With 1-bit ACK/NACK, separate coding can actually outperform joint coding due to the ability to provide different error targets (e.g. 3e-4 for CQI and 1e-4 for ACK/NACK).  With joint coding, on the other hand, both CQI and ACK/NACK will have to operate at the lowest error rate (e.g. 1e-4).
· ACK/NACK False Alarm and Missed Detection – In addition to the ACK/NACK error target, two other important quality targets must be met: false alarm and missed detection target of 1e-2.  Both multiplexing options may have difficulties satisfying this target since CQI transmission is present.  Thus, it may be difficult to distinguish between CQI and CQI + ACK/NACK transmission.  
5. Conclusions
Based on the analysis, it is recommended that CQI and ACK/NACK are separately coded and multiplexed in a TDM fashion.  The number and placement of ACK/NACK symbols with the sub-frame with CQI are FFS.
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Figure 3.  Performance of 5-bit CQI and 1-bit ACK/NACK (BPSK) at TU 3 km/h.
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Figure 4.  Performance of 5-bit CQI and 2-bit ACK/NACK (QPSK) at TU 3 km/h.
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