3GPP TSG RAN WG1 Meeting #92bis				R1-1804569
Sanya, China, April 16th – 20th, 2018 
Agenda Item:	7.2.1
Source: 	LG Electronics
Title: 	Discussion on CQI and MCS table for URLLC
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN1#92 [1], followings are agreed relevant to CQI and MCS table design for URLLC:
	Agreements:
The two BLER targets for CQI reporting that are configurable for URLLC are to be down-selected from one of the following options:
· Option A. (10-1, 10-4)
· Option B. (10-1, 10-5)
· Option C. (10-3, 10-5) 
· Option D. (10-2, 10-4)

Companies are encouraged to consider the following when performing evaulations for down-selection of BLER targets for CQI reporting, e.g., 
· Resource efficiency: e.g., number of RE occupied, probability of blocking
· Feasibility of UE producing accurate CQI estimation for CQI reporting. Each company can provide views from their perspective. Assume existing definition of CSI reference resource.
· The distance in SNR (dB) between the two targets is sufficient to generate distinct CQI in typical operation.
· UE complexity of being able to generate CQI report for 3 BLER targets  (e.g., Option (C) and (D) in certain cases) vs 2 BLER targets (Option (A) and (B))
· achieved latency
Agreements:
· For new CQI table and MCS table constructed specifically for URLLC, 256QAM is not included.
· Lowest spectral efficiency in any/all CQI table is not lower than 30/1024 * 2 (QPSK)
· Highest spectral efficiency in any/all CQI table is not greater than a value, where the value is selected from one of the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
· Lowest spectral efficiency in any/all MCS table is not lower than 30/1024 * 2.
· Highest spectral efficiency in any/all MCS table is not greater than a value, where the value is selected from the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 



In this contribution, we provide our views on ultra-reliability aspects on CQI and MCS table design. Especially, we focus on the assumption on PDSCH or PUSCH transmission to design CQI and MCS table for URLLC. 
2. Discussion on BLER target
On the CQI and MCS table design, it had been agreed that two BLER target shall be down-selected from one of the following options:
· Option A. (10-1, 10-4)
· Option B. (10-1, 10-5)
· Option C. (10-3, 10-5) 
· Option D. (10-2, 10-4)
To decide one of those, we have to consider some properties first. One is a benefit of 10^-1 BLER target. When we consider the UE which supports both services, eMBB and URLLC, it is good to have same BLER target and CQI table. It would make it possible to support URLLC service without redundant CSI configuration. Therefore, if we can agree that those options do not have significant difference in terms of performance, we suggest to select BLER target among option A and B.
Observation 1: Option A and B can be preferred with consideration of the UE which support both eMBB and URLLC.
Main difference between two options is the presence of the . Since URLLC reliability requirement is , It seems reasonable to take  as a BLER target. Regarding latency aspect, it is clear that  BLER is able to achieve  reliability target without re-transmission. For  BLER, we can adopt re-transmission before reception of acknowledgement, i.e., repetition or slot-aggregation, it would bring less achieved latency even with two of transmission. However, it also brings less resource efficiency and affects scheduling flexibility. 
As in figure 1, there is only slight gap of SNIR between BLER of  and . On the other hand, different code rate makes significant SNIR gaps. In other words, There wouldn’t be a meaningful gap of code rate between  and . Thus we can say that a single-shot transmission of  would be resource efficient compared to repetition of . Moreover, since slopes at those points are quite similar, it is not expected for these BLER target to bring different CQI accuracies. 
Observation 2: Option B can be preferred in terms of resource efficiency.
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Figure 1. FER difference at lower coding rate
3. Discussion on CQI/MCS table entry
To design CQI/MCS table entry, it is necessary to define reference transmission format at least TBS. To be specific, for a given coding rate and modulation order, the slope of the BLER curve can be different depending on the length of the coded bits, which is determined by the amount of the allocated resources and modulation order. For instance, the slope of the BLER curve of LDPC codes could be relatively gradual especially when the length of coded bits is small, and the slope of the BLER curve become steeper as the length of coded bits increases. Therefore, for a given SINR range, the set of CQI/MCS states could be different depending on the length of coded bits. Figure 2 shows difference in slopes of BLER curve between 32 byte and 100 bytes TBS at lowest coding rate. For 32 bytes case, there is 0.4 dB gap between 10^-3 and 10^-4. On the other hand, 100 bytes case has only 0.2 dB gap between 10^-3 and 10^-4. It means shorter coded bit length would make difference between different BLER targets. And it is more suitable for URLLC use case. 
Proposal 1: For CQI/MCS entry design, 32 bytes transport block size should be considered as a reference.
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Figure 2. FER difference according to TBS

In the last meetings, four candidate is agreed to decide highest spectral efficiency for CQI and MCS table. Basically, it can be considered whether to fit with target range of SINR or not for each candidates. Figure 3 shows FER performance for each value. In case of lowest value, 666/1024, SNR of 15.8 dB is required to meet  reliability. On the other hand, in case of the largest value, the code rate of 948/1024 requires SNR of 25.3 dB. It means that the candidates of lower code rate will have lower throughput at higher SNR. In that sense, it seems beneficial to choose higher code rate than 666/1024 to efficiently achieve the target BLER at good channel quality, e.g., approximately 20 dB. However, another consideration point is LDPC coding properties. For the higher coding rate than 2/3, it is essential to support base graph 1(BG1) of LDPC. Since BG1 is larger than BG2, i.e., BG1 has more complexity than BG2, it may require more processing time to encoding or decoding scheme. Since the processing time line has to be designed in consideration of the worst case, supporting BG1 can be harmful to meet latency requirement for URLLC services. From those point of view, we propose to choose a value of 666/1024 as the greatest value of both CQI and MCS table entries. 
Proposal 2: Highest spectral efficiency in any/all MCS table is not greater than a value of 666/1024.
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Figure 3. FER performance at candidate for largest coding rate
4. Conclusion
In this contribution, we discuss ultra-reliability aspects on CQI and MCS table design. Our proposals are as follows:
Observation 1: Option A and B can be preferred with consideration of the UE which support both eMBB and URLLC.
Observation 2: Option B can be preferred in terms of resource efficiency.
[bookmark: _GoBack]Proposal 1: For CQI/MCS entry design, 32 bytes transport block size should be considered as a reference.
Proposal 2: Highest spectral efficiency in any/all MCS table is not greater than a value of 666/1024.
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