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1 Introduction
In the last #51bis meeting, it has been agreed that the RM based coding will be used for CQI transmission [1]. In [2-6], we presented the RS structure and performance of CQI channels for both normal CP and extended CP structures. In this contribution, we present the link analysis of PUCCH with different CQI payload sizes with the RM codes presented in [1].  

Throughout this document, we consider the case of 6 users per TTI with 2 RS for the normal CP numerology. We use ML decoding for CQI channels. 
2 Baseline Design

Figure 1 depicts the 2 RS structure for normal CP. With this structure, there are 10 data symbols within one TTI, so the rate of the error correction code is (20, X) for the payload size of X bits. 
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Figure 1

Normal CP – CQI 
3 Simulation Setup

This section summarizes detailed simulation assumptions used for the CQI channel analysis. 

Localized transmission with 12 pilot tones as well as data tones is assumed. The number of transmit antenna of each user is 1. The number of receive antennas is 2. Maximum ratio combining (MRC) is used for data detection. Within each resource block (RB) of 12 tones, M CQI channels can be multiplexed, each of which carries X information bits. Coherent detection is considered in this evaluation. Intra-TTI frequency hopping (FH) is applied to exploit frequency diversity.

3.1 

Numerology and Other Simulation Assumptions
Table 1 summarizes the basic system parameters for the link level evaluation. 
	TTI Configuration
	Normal CP Structure
	Extended CP Structure

	TTI
	1 ms
	1 ms

	Intra-TTI frequency hopping
	Enabled
	Enabled

	Slot duration
	0.5 ms
	0.5 ms

	Symbols / Slot
	7
	6

	FFT size
	512
	512

	Data tones per RB
	12
	12

	Tone spacing
	15 KHz
	15 KHz

	Flat guard samples
	28 chips
	100 chips

	Guard tones per symbol
	212
	212

	Pilot Ec/Ior
	0 dB
	0 dB

	Code Type
	Based on Reed Muller (32,10)
	Based on Reed Muller (32,10)

	modulation
	QPSK – coherent
	QPSK – coherent

	Maximum re-transmission
	0
	0

	Channel
	GSM TU 30 (kph)
	GSM TU 30 (kph)


Table 1

Evaluation Numerology
3.2 

Simulation Results and Observations
The CQI channel performance for the normal CP numerology is presented in Figure 2 for GSM TU30 channel and in Figure 3 for TU350 channel, respectively. The CQI channel performance for the extended CP numerology is presented in Figure 4 for VB30 channel and in Figure 5 for VB350 channel, respectively. These results show that when the CQI payload size is beyond 10 bits, the required Es/Nt increases significantly. 
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Figure 2

CQI Channel BLER for normal CP, TU30
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Figure 3

CQI Channel BLER for normal CP, TU350
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Figure 4

CQI Channel BLER for extended CP, VB30 Channel
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Figure 5

CQI Channel BLER for extended CP, VB350 Channel

4


Conclusion
In this contribution, we presented analysis and simulation results of PUCCH vs. different payload sizes of CQI. 
Based on these results, we propose to adopt the following:
· Limit the CQI payload size of no larger than 10 bit per sub frame. 
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