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1. Introduction

This contribution examines the PUCCH CQI coverage based on the agreed payload sizes shown in Table 1 [1].  From link performance analysis, it is shown that there is no coverage issue with the agreed CQI payload sizes.
2. CQI/PMI/RI on PUCCH
The payload sizes for different CQI reporting modes are shown in Table 1.  Four reporting types are supported as shown below –
· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

Table 1: PUCCH Report Type Payload size per Reporting Mode [1].
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	 
	 
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	 
	 
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1
	NA
	NA
	4
	4


From the table, the following observations may be made –

· Several reporting types may be configured by the eNB as applicable.  For example, in high-speed cells, UEs may be configured to report only wideband CQI without PMI.
· The largest number of bits to be carried on the PUCCH is 11 bits per uplink sub-frame.
3. PUCCH Link Performance
CQI link performance is shown in Figure 1 for normal CP and Figure 2 for extended CP.  In addition, an illustrative SNR distribution for the uplink is shown in Figure 3.  Note that this SNR distribution is in absence of any interference.  From the results, several observations may be made –
· Normal CP: From Figure 1 it is seen that there is no significant performance issue for CQI report on the PUCCH, even at vehicular speed of 350 km/h.  In this case, to achieve 1% BLER for 11-bit CQI report would require approximately -1 dB SNR.  However, by relaxing the requirement to 10% BLER, SNR requirement of -6 dB is sufficient.  As a result, there should be no coverage issue based on Figure 3 if interference is kept to a manageable level.  This could be done through restricting the number of CQI reports or reporting types within a resource block to control the interference level from surrounding cells and the use of power control.
· Extended CP: For extended CP, performance at high vehicular speed is an issue due to the reference signal structure.  In this case, performance of 11-bit CQI report is acceptable at 180 km/h but could be problematic at 350 km/h.  However, UEs may be configured to only report wideband CQI without PMI in high-speed cells, or a more advanced receiver (e.g. as described in [2]) could be used.  As demonstrated in [2], with an advanced receiver, performance improves by 1-2 dB and no error floor is observed at 350 km/h. 
· Capacity: As discussed above, CQI coverage and capacity will be limited by interference.  As shown in [4], CQI capacity per resource block depends on multiple factors such as power control algorithm and CQI reporting types.  Through careful management of the uplink IoT, it should be possible to support 6 CQI reports per resource block [4].   Naturally, in some deployment scenarios and configurations, a smaller number of UEs can be supported. 
4. Conclusions
This contribution examines PUCCH CQI coverage.  From link performance analysis, it is shown that there is no coverage issue with the CQI.
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Figure 1.  CQI Performance – normal CP, 3 km/h (left) and 350 km/h (right).
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Figure 2.  CQI Performance – extended CP, 180 km/h (left) and 350 km/h (right).
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Figure 3.  Received uplink SNR distribution.




























































































































































































































































