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Introduction
In RAN1 #86 Meeting [1], it was agreed that “The implicit CSI feedback methods should be studied in NR” and that “CSI measurement and reporting with the following components should be studied in NR”. LTE standards uses implicit CSI feedback which includes Rank Indicator (RI), Precoding Matrix Indicator (PMI), Channel Quality Indicator (CQI), Precoding Type Indicator (PTI), and CSI-RS Resource Indicator (CRI) [2]. The focus of this discussion is on CQI feedback. For the NR, the information blocklength can vary in a wide range. For example, the information blocklengths (in bits) of interests suggested for evaluation for URLLC and mMTC are 20, 40, 200, 600, 1000 and 2000 in [3], and the information blocklengths for evaluation for mMTC are 16, 32, 64, 128, 256 and 512 in [7]. It has been shown that a short information blocklength has a significant impact on the channel code performance for both practical channel codes [4] and for ideal channel codes [5]. Therefore, in order to maintain the same performance (e.g., the block error rate or BLER) in scenarios where the information blocklength could be short, the UE needs to consider the impact of the information blocklength when feeding back the CQI.          
 
Consideration of CQI feedback in NR
In LTE, the UE reports the CQI corresponding to the highest-order MCS that, if used with the recommended RI and PMI, achieves a BLER of at most 10% [2]. One of the benefits of using CQI instead of the the signal-to-interference-plus-noise ratio (SINR) is that the UE can take into account the capability of its receiver [6]. Another benefit of using CQI instead of SINR is that it simplifies the testing of devices [6]. For these reasons, CQI may play an important role in CSI feedback in NR as it has done in LTE.
The current LTE standard [2] does not consider the effect of short information blocklength on the channel code performance. To see this, we plot in Figure 1 the coding rate as a function of information blocklength (i.e., transport block size) based on the TBS table in LTE [2] for 5 MCS indices (I_MCS’s). We assume that the CRC is 24 bits, and that 90% of the resource elements are used for transmitting coded bits and the remaining 10% for other purposes such as reference signals and broadcast data. It is clear that the coding rates for different blocklengths for a given MCS do not differ much. Given the same channel condition, this may lead to significantly poorer performance at short information blocklengths compared to long information blocklengths. 
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Figure 1 The coding rate as a function of the information blocklength for different MCS values (I_MCS) in LTE [2]. 
Simulation results in Figure 2 show that the information blocklength has a significant impact on BLER for LDPC codes. To achieve 10% BLER with a same coding rate, the required SNR for blocklength=2000 is about 1.5dB, while that for blocklength=200 is about 2.2dB. A CQI based on blocklength=2000 will not deliver the target BLER performance for blocklength=200. In the simulation, we assumed BPSK, 1/2 coding rate for the LDPC code, and a regular random parity check matrix with column weight 3. The channel is AWGN. In decoding, the likelihood ratio of each bit is computed at demodulation and then passed to a message passing algorithm. 
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Figure 2 The BLER as a function of SNR for various information blocklengths for LDPC and an AWGN channel.
In order to maintain the same performance, the shorter the information blocklength, the lower the channel coding rate, which has been shown rigorously in [5]. Roughly speaking, the gap between the maximum achievable rate and the channel capacity (i.e., the maximum achievable rate as the information blocklength approaches infinity) is reciprocally proportional to the square root of the information blocklength. This is illustrated in Figure 3 with an AWGN channel with SNR=10dB and BLER=1.0×10-3. It is clear that shorter information blocklengths require lower coding rates (more redundancy) in order to achieve the same BLER compared with longer information blocklengths. Also, as the information blocklength becomes large, say, greater than 2000, the code rate required to meet the BLER=1.0×10-3 requirement does not change much with the information blocklength. Figure 3 is in stark contrast with Figure 1, which is based on the LTE standard [2]. Therefore, we need to reconsider the CQI reporting for NR where short information blocklengths may occur often.
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[bookmark: _Ref451499895]Figure 1 An upper bound (red solid line), the normal approximation (green solid line), and a lower bound (blue solid line) on the maximum achievable rate as a function of the information blocklength for an AWGN channel with SNR=10dB and BLER=1.0x10-3. Also plotted is the channel capacity (red dashed line) 
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Summary
In this contribution, we discussed on the potential CQI mismatch issue due to the absence of reference information blocklength for the CQI calculation at a UE. Based on the discussions and observations, we propose following:
Proposal 1: RAN1 to study the potential impact of CQI mismatch due to a short information blocklength.
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