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1 Introduction

In this contribution, our view of CQI and MCS design is introduced.
2 CQI
In LTE, CQI tables are used to define the mapping between CQI index and the modulation and code rate. CQI can be used to report long-term wideband feedback as well as short-term subband feedback. With the introduction of NR, there are several system changes at PHY layer that would impact design pertaining to CQI. First, more use cases and more antennas elements would generally make UE obtain more diverse SINR for CSI measurement compared to LTE. Secondly, the introduction of short slots would make CQI feedback faster compared to LTE. Finally, multi panel transmission and more antenna element configuration would trigger more range options of SINR difference between CWs. 
More antenna elements gives higher beamforming gain, thereby improving average SINR for CSI measurement compared to LTE. Meanwhile, more use cases in NR, including eMBB, URLLC　[1], and so on would have their own SINR region to work. For example, the legacy CQI table and transport block size table in LTE　are made for a fixed target BLER of 10%. However, URLLC requires high reliability with ultra-low latency, e.g. 99.999% with 1ms. The URLLC use cases cover a wide field of different applications, such as industrial automation, e-health, autonomous driving and so on. Different use cases have different reliability (e.g., 10-2~10-5) and/or low latency requirements (e.g., 1ms~10ms). Our system simulation results in [1] shows different target BLER has different system performance. Hence, under the eMBB requirement and different URLLC requirement, these different requirements of target BLER are needed to consider for CQI reporting. Furthermore, our LLS results in [1] shows that lower code rate less than 0.1 is needed for CQI reporting and downlink transmission to meet URLLC reliability requirement of 99.999% with 1ms. There are two possible CSI reporting enhancement such as the reference repetition number reporting and low-latency CSI mechanism. 
In order to realize coding rate lower than 0.1, gNB can schedule multiple repetitions within one transmission, which can be aggregated flexibly in time and frequency domain. The BLER of one transmission is around 10% under legacy CQI table. Especially, with the more repetitions are scheduled, the lower actual coding rate and BLER will be achieved. Thus, gNB can control the BLER by different repetition numbers to support different target BLERs of variable URLLC services. However, the repetition number, which is related to the BLER of one short transmission, has an important impact on the reliability and spectrum efficiency performance. Thus, some additional information is needed to help gNB decide the optimized repetition number. For example, UE can report a reference repetition number X in addition to one CQI table. 
Low-latency CSI as indicated by its name is mainly used to report the instantaneous channel quality. In [2], a low-latency CSI mechanism is proposed and evaluated. The simulation results show that low-latency CSI scheme can improve the resource efficiency which is critical for the overall URLLC system capacity. Based on the low-latency CSI, the transmit power, MCS and the resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted so that the target BLER can be achieved without compromising resource efficiency too much. The low-latency CSI report could be defined in different ways: a normal CSI or a differential CSI, e.g., based on the difference between the most recent data transmission and a predefined CSI report. The latter one may be beneficial from signaling overhead point of view. As another alternative, the low latency CSI can also be defined as a reference repetition number. Based on the reported repetitions number, the gNB could schedule the repetitions number for the same TB.
Based on the above discussion, this motivates a certain CSI reporting enhancement for flexible target BLER and low-latency CSI to support multiple URLLC services and achieve high capacity.
Proposal 1: Enhanced CQI reporting with low-latency conditioned on flexible target BLER/repetition numbers should be supported.  
To adapt above changes, conventional design of CQI bit-size and CQI table may need revisiting, at least for the case of URLLC. The tradeoff between the number of CQI tables and CQI bit-size should be regarded an important design criterion. Fewer CQI tables with larger CQI bit-size and more CQI tables with smaller CQI bit-size are two potential ways to go. Then, there would be some possible methods to design the CQI table.

Firstly, the agreed different CQI tables can be designed for different target BLER or different services. Legacy CQI table is specifically designed for a target BLER of 10%. As shown in Table 1, different CQI tables based on a series of BLER targets can be further introduced for NR, e.g., for 0.1% BLER. Another example is that legacy CQI table is designed for eMBB UEs and another table can be introduced for URLLC UEs. 
Table 1 Extended CQI table
	CQI index
	BLER @10%
(legacy CQI)
	BLER @1%
	BLER @0.1%

	0
	Modulation00, CR00
	Modulation01, CR01
	Modulation02, CR02

	1
	Modulation10, CR10
	Modulation11, CR11
	Modulation12, CR12

	2
	Modulation20, CR20
	Modulation21, CR21
	Modulation22, CR22

	…
	…
	..
	…

	15
	…
	…
	…


Secondly, although given different channel model or different receiver implementations, the SNR difference may be still limited range based on our LLS results [1]. Therefore, in order to reduce signaling overhead, the introduction of CQI differential table for different target BLERs to NR should be considered. Table 2 is one instance for CQI differential table corresponding to target BLERs ranging from 1% to 0.001%, assumed reference CQI with a target BLER of 10%. 
Table 2 CQI differential table assumed 2 bits CQI reporting

	Target BLER

10^(-n)
	CQI differential index 0
	CQI differential index 1
	CQI differential index 2
	CQI differential index 3

	1
	0
	0
	0
	0

	2
	0
	1
	2
	3

	3
	1
	2
	3
	4

	4
	2
	3
	5
	7

	5
	2
	4
	6
	8


3 MCS
For MCS table design, the following principles should be considered. 

In terms of various traffic types, such as eMBB and URLLC, different TBS determination methods should be studied for different transmission cases. For example, for URLLC and small package, the values of TBS can be smaller with little granularity and lower code rates. For eMBB and big package, the values of TBS may be bigger with large interval and higher code rates. Consideration of different traffic types with different target code rates, multiple MCS tables can be designed.

Proposal 2: Multiple MCS tables should be considered for different use cases, e.g. URLLC, VoIP and, eMBB etc. 
In RAN Plenary #75, the new WI of "Enhancements for High Capacity Stationary Wireless Link and Introduction of 1024 QAM for LTE" has been approved [2]. Besides in contribution [3], compared to 256QAM, 1024QAM has the substantial throughput gain under many scenarios. Though 1024QAM is not supported in NR, it should take into account in MCS table design aspects of forward compatibility.

When 1024QAM is introduced, if the new table maintains the same payload size with LTE MCS tables (e.g., 5-bit), with modulation order increased, the entries number of some modulation order(s) will be introduced, which may lead relatively inaccurate MCS and impact the performance. If a 6-bit MCS table is used for 1024QAM, every modulation order in the table can have a higher-resolution. However, in this design, payload can be unnecessarily wasted since each modulation order has its matched scenarios, e.g. the use case for high and very high modulation order is limited to the high-end UE and/or the specific scenario such as indoor environment, within a period of time, UE has different requirements for different modulation orders.

From the above discussion, it can be see that when design MCS table especially in high modulation order case, both the resolution of modulation order and the payload size should be considered.

Proposal 3: Resolutions of modulation order and payload size should be considered in the MCS table deign.
4 Conclusions

The contribution analyzes the aspects of CQI and MCS design, based on which the following proposals are made.

Proposal 1: Enhanced CQI reporting with low-latency conditioned on flexible target BLER/repetition numbers should be supported.  

Proposal 2: Multiple MCS tables should be considered for different use cases, e.g. URLLC, VoIP and, eMBB etc. 
Proposal 3: Resolutions of modulation order and payload size should be considered in the MCS table deign.
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