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1. Introduction

In the uplink, when there is no simultaneous data transmission the control signaling uses a reserved time frequency region.   In addition, CDM is used to multiplex different UEs transmitting uplink control signalling on the same frequency resource.  For CQI, one proposal is to multiplex different users using different cyclic shifts of a CAZAC sequence.  This allows CQI to be multiplexed with ACK/NACK in the same resource block via different cyclic shifts.  It is expected that CQI will use coding to ensure reliable reception.  This contribution discusses several issues related to CQI coding schemes.
2. CQI Channel Structure
With CQI, different types of reports, such as wideband, narrowband, and differential reports should be supported to efficiently trade-off uplink overhead and downlink performance.  The proposed CQI structure is shown in Figure 1.  Note that in this case only CQI is present.  The transmission spans the entire 1ms sub-frame and, as a result, six different users may be multiplexed within the sub-frame via different cyclic shifts of a CAZAC sequence.  Data is modulated on top of the CAZAC sequence using only QPSK modulation.  
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Figure 1.  CQI structure - users are multiplexed using different cyclic shifts.
It remains under investigation whether one reference signal per slot is sufficient for channel estimation, so the final number of available QPSK symbols for CQI may be different than shown in Figure 1.  It is expected, however, that one or two reference signals per slot will be sufficient.  As a result, 10 or 12 QPSK symbols are available for CQI transmission per sub-frame, corresponding to 20 or 24 coded bits. 

When a UE has both CQI and ACK/NACK to send in the same subframe, TDM multiplexing is shown in Figure 2.  The two uplink control signals are encoded and transmitted separately in order to satisfy different performance requirements.  Note that the symbol partition shown in the figure is for illustrative purposes only and additional study is required once performance requirements and coding schemes for CQI and ACK/NACK are finalized.  In this case, either puncturing of the CQI codeword is performed or a different coding is used.  This may present some problems for UEs that are in poor conditions.  In this case, repetition in subsequent subframes may be used.
An alternate structure is to allow joint coding of ACK/NACK and CQI to provide some coding gain for the ACK/NACK.  In general, this is not preferred since it will be difficult to achieve the target performance requirements for both ACK/NACK and CQI.
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Figure 2.  CQI and ACK/NACK transmission from the same UE.

3. CQI Coding
In [2], it was proposed that different types of CQI reports, such as wideband, narrowband, and differential CQI reports, should be supported to efficiently trade-off uplink overhead and downlink performance. As a result, eNB should be able to control the CQI type and reporting period according to, for instance, UE’s speed, channel condition, traffic type, and system loading.  It is, however, beneficial to limit the number of possible options to minimize system and specification complexity.  For instance, in [2] only 5-bit and 10-bit CQI reports corresponding to wideband and narrowband are supported in the absence of MIMO feedback.  Due to the small number of information bits, block codes such as Reed-Muller or Golay code may be the most appropriate choice for coding scheme.  For the CQI parameters being considered, a good coding choice may be the (24,12) Golay code.  Figure 3 illustrates one performance example of the CQI using block code of size (24,10) and (24,5) respectively.  In this case, however, a shortened (32,10) Reed-Muller coding was used.   Performance of (24,12) Golay code is under investigation and will be presented in the future.
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Figure 3 CQI performance using 1.0ms subframe (12 symbols and ideal channel estimation).

When MIMO information is transmitted, it is proposed that joint coding between feedback information (e.g. CQI of the two streams + PMI/Rank index) is used.   As a result, more than one sub-frame may be needed to provide adequate coding gain.  Table 1 summarizes the different feedback types and expected number of sub-frames required.  
Table 1.  Number of bits for various feedback types.

	Feedback Type
	Number of information bits
	Number of uplink sub-frames

	Wideband CQI
	4 – 5 bits
	1

	Narrowband CQI
	9 – 10 bits
	1

	Wideband CQI + CQI information for additional stream + PMI/Rank index
	10 – 14 bits
	1 or 2

	Narrowband CQI + CQI information for additional stream + PMI/Rank index
	14 – 18 bits
	2


4. Discussion
The CQI coding schemes depend on several factors including –
· Number of CQI information bits – It was proposed that different types of CQI reports, such as wideband, narrowband, and differential CQI reports are supported at the discretion of the eNB.  As a result, different number of CQI information bits will be required. The number of CQI information bits will naturally be chosen based on the trade-off between uplink overhead and downlink performance.
· CQI transmission duration – It is expected that CQI transmission will occupy 1 or 2 sub-frames based on the feedback type.  For users in poor condition, repetition may be used.  For pure CQI reporting, it is not preferable to allow CQI to be coded over multiple sub-frames in order to maintain the same coding rate (e.g. 5-bit CQI is coded and transmitted on 1 sub-frame while 10-bit CQI is coded and transmitted on 2 sub-frames) as this complicates resource assignment and consumes large overhead.  In practice, only users in good conditions may be required to report narrowband CQI, thus the coding reduction can be effectively compensated by using additional power.   Another possible proposal is to allow CQI transmission per slot (0.5 ms) instead of per sub-frame [2].  This can increase the number of CQI reports per resource block significantly at the expense of coding reduction, loss of diversity, and higher SNR requirement.
· Channel estimation performance – Analysis is required to determine whether sufficient channel estimation performance is possible with one reference signal.  Additional reference signals may also be beneficial for high-speed UEs.  Note that the gain in channel estimation performance must be carefully balanced with degradation from reduced coding. 
· Multiplexing with ACK/NACK – When both CQI and ACK/NACK are transmitted in the same subframe, they must be transmitted together either using joint coding or in a TDM manner.  Time multiplexing is preferred as it allows different performance requirements for ACK/NACK and CQI to be met efficiently.  As a result, modifications are needed to the CQI coding scheme to accommodate ACK/NACK (e.g. puncturing of coded CQI bits).
As noted above, several issues must be addressed prior to finalizing the CQI coding scheme.  In general, however, it is expected that block coding will be used based on the number of CQI information bits being proposed so far.  One promising candidate is the (24,12) Golay code which may be shortened or extended as needed.  
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