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Introduction

In an earlier contribution [1] we evaluated the performance of 5 bit CQI transmission and proposed to use 2 different structures for high and low speed UE. A simple calculation in Table 1shows that a 10 bit CQI can hardly be supported in one TDD FS2 slot, otherwise the coding rate will be higher than ½ and performance will not be sufficient.
Table 1. Possible transmission of 10 bits CQI in one slot of TDD FS2 PUCCH.
	# RS
	Symbol space for CQI
	MCS

	1
	8
	(16,10)+QPSK 

	2
	7
	(14,10)+QPSK

	3
	6
	(12,10)+QPSK

	4
	5
	(10,10)+QPSK


However, there is often a requirement to transmit more than 5 bits in LTE in the CQI structure, e.g. the DL transmission is in MIMO mode, or, there is a requirement to send ACK together with CQI. 

The CQI transmission in these cases is studied in this contribution. Though the exact size of CQI is still FFS, we assume here 5 bits CQI and 1 bit ACK for SIMO case (wideband CQI) and 8 bits CQI and 2 bits ACK for MIMO case (again wideband CQI). 

CQI+ACK transmission in SIMO case 
Table 2 listed the possible structures for CQI+ACK transmission in the SIMO case. Their performance is compared in figures 1-2.

Table 2. Transmission structure for 5 bits CQI+1 bit ACK

	Transmission Structure
	#RS
	MCs

	TDM+joint coding
	3
	(12,6)+QPSK

	TDM+separate 1
	3
	(10,5)+QPSK for CQI, 1 OFDM for ACK

	TDM+seperate 2
	2
	(10,5)+QPSK for CQI, 2 OFDM for ACK
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Figure 1. BLER of 5bitsCQI transmission together with 1 bit ACK in PUCCH
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Figure 2. BER of 1 bit ACK transmission together with 5 bits CQI in PUCCH

Since other RS structures cannot provide sufficient symbol space or do not allow a proper convolutional coding rate, they are not considered here. Based on the above simulation results, we draw the following conclusions:

· CQI performance does not change much in different transmission structures, but the ACK performance vary significantly;

· Separate coding with 2RS structure gives better performance for ACK and is preferred;

CQI and CQI+ACK transmission in MIMO case 

As described in previous section, 10 bits can hardly be supported in one TDD FS2 slot, then for CQI and CQI+ACK transmission in MIMO case, 2 TDD slots are required to provide more symbol space. Table 3 lists the possible structures for CQI and CQI+ACK transmission in the MIMO case. The performance comparison is shown in figures 3-5.

Table 2. Transmission structure for 8bits CQI and CQI+CK in MIMO case

	Transmission Structure
	#RS
	MCs

	CQI only


	3
	(24,8)+QP

	
	5
	(16,8+QPSK

	CQI+ACK, joint
	4
	(20,10)+QPSK

	CQI+ACK, seperate
	2
	(24,8)+QPSK for CQI, 2 OFDM for ACK

	
	3
	(16,8)+QPSK for CQI, 4 OFDM for ACK

	
	4
	(16,8)+QPSK for CQI, 2 OFDM for ACK
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Figure 3. BLER of 8 bits CQI transmission in 2 slots with frequency hopping
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Figure 4. BLER of CQI when transmit with ACK in PUCCH (MIMO case)
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Figure 5 BER of ACK when transmit with CQI in PUCCH (MIMO case)

During the link level simulations, we assume 5 MHz system at 2GHz and TU channel model. Other parameters can be shown in the figures. Results show for 8 bits CQI transmission, that the 3RS structure performs better than the 5RS structure. For 8bits+2bits ACK transmission, joint coding and separate coding bring similar performance for CQI, but with separate coding the ACK performance is more promising. Then in the MIMO case, our conclusion is to use 3RS structure for 8 bits CQI only and to use separate coding with 3RS structure for CQI+ACK transmission where 4 OFDM symbols are reserved for ACK. 

Conclusions

In this contribution, we studied the performance of more than 5 bits transmission in CAZAC structure including CQI+ACK in SIMO case, CQI and CQI+ACK in MIMO case. During the simulation we had assumed 5 bits CQI and 1 bit ACK for SIMO case and 8bits CQI and 2 bits ACK for MIMO case. The results show that 

· In SIMO case, 5 bits CQI and 6 bits CQI+ACK transmission can be supported in a single TDD FS2 slot;
· A separate coding with 2RS structure is preferred for 6bits CQI+ACK transmission where 1 OFDM is reserved for ACK;

· In MIMO case, 8 bits CQI and 10 bits CQI+ACK transmission can be supported in 2 slots;

· 3RS structure is preferred to be used for 8 bits CQI only transmission;
· 3RS structure with separate is preferred for 10 bits CQI+ACK transmission where 4OFDM for ACK is reserved;

ACK performance is not satisfying especially in SIMO if sent together with CQI in PUCCH
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