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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The specifications are finalized for eMBB data applications during the previous RAN meeting. However, another important use case of NR is Ultra Reliable Low Latency Communication (URLLC).  The target of URLLC is to meet the performance requirements set forth in TR 38.913.  The following agreements were made in Ran1#92 bis. In this contribution, we provide our views on CQI/MCS reporting for URLLC. 
Agreement:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.
Agreement:
· Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
· Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
· It doesn’t necessarily mean that the CQI table introduced for eMBB cannot be directly reused for URLLC – it’s still a separate discussion
· Note that 
· Whether or not to have two tables or a single table covering both BLER targets is a separate issue
Agreement:
· [bookmark: _Ref378529477]In total, there are two CQI tables for URLLC CQI reporting
· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
· The new table will have entries corresponding to BLER target 10-5
· For CSI reporting, the CQI field is 4-bit.
Agreement:
· For BLER 10-5, 
· Companies are encouraged to perform simulations for the new CQI table for URLLC, including
· The lowest SE entry 
· E.g., 30~50/1024*2
· Note that the highest SE entry of no more than 772/1024*6 is already agreed
· Consider using approximately equally spaced SNR values
· Other options are not precluded
· Whether or not some existing CQI entries for BLER 10-1 can be reused
· Consider exsiting CQI entires when applicable
· In total 15 CQI entries (+1 OOR entry)
· In performing the simulations, consider
· Fading channel (TDL-A, 30ns) & (TDL-C, 300ns)
· Other options are not precluded
· Payload of 32 bytes
· Other payload sizes can also be considered, up to each company
· SNR at 5% geometry for the lowest SE entry
· Other options are not precluded
· For other simulation assumptions, refer to agreements from RAN1#92
· Similar considerations are also applicable to the MCS table evaluations 

In this contribution, we discuss in detail the remaining issues of CQI/MCS reporting.
CQI Reporting for URLLC 
In the previous meeting it was decided to use two BLER thresholds for CQI reporting. That is Option B (10-1, 10-5).    However, it is not clear how the UE reports these two CQI corresponding to these two thresholds.   We envision two design options for reporting two CQIs corresponding to the two thresholds without significant changes to the CQI reporting for eMBB in Release 15.
· Option 1: Use the existing CQI reporting for multi codeword
· Option 2: Introduce a new signaling for BLER threshold as part of  CSI report setting
For the first design option, we can reuse CQI reporting for multi codeword for eMBB.  Table 1 shows the existing summary of existing CSI reporting.
Table 1 Existing CSI reporting for eMBB
	PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI

	
	CSI Part I
	CSI Part II

	
	
	wideband
	Sideband

	CRI 
	CRI
	Wideband CQI for the second TB
	Subband differential CQI for the second TB of all even subbands

	Rank Indicator 
	Rank Indicator
	PMI  wideband (X1 and X2)
	
PMI subband information fields  of all even subbands

	Layer Indicator 
	Layer Indicator
	---------
	Subband differential CQI for the second TB of all odd subbands

	PMI  wideband (X1 and X2)
	Wideband CQI for the first TB
	---------
	
PMI subband information fields  of all odd subbands

	Wideband CQI 
	Subband differential CQI for the first TB
	---------
	---------



Note that CQI corresponding to the second TB is reported when the rank indicator is greater than 4. Since it is already decided to have single TB of URLLC, we can reuse the existing CQI reporting by replacing the second TB with CQI with a different threshold say 10^(-5) as shown in Table 2.

Table 2 Proposed CSI reporting for URLLC with Design Option 1
	PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI

	
	CSI Part I
	CSI Part II

	
	
	wideband
	Sideband

	CRI 
	CRI
	Wideband CQI 
(corresponding to CQI threshold of 10^(-5))
	Subband differential CQI 
(corresponding to CQI threshold of 10^(-5))

	Rank Indicator 
	Rank Indicator
	PMI  wideband (X1 and X2)
	
PMI subband information fields  of all even subbands

	Layer Indicator 
	Layer Indicator
	---------
	Subband differential CQI (corresponding to CQI threshold of 10^(-5))

	PMI  wideband (X1 and X2)
	Wideband CQI
(corresponding to CQI threshold of 10^(-1))
	---------
	
PMI subband information fields  of all odd subbands

	Wideband CQI 
	Subband differential CQI (corresponding to CQI threshold of 10^(-1))
	---------
	---------




For the design option 2, the existing CSI report settings needs a new parameter which indicates the UE to report the CQI corresponds to the threshold. Hence the base station can configure multiple say 2 CSI reports such that each report setting can have a different thresholds to obtain the CQI for URLLC.
 
Since NR URLLC is mainly used for delay sensitive applications and an accurate CQI is very important, we prefer design option 2, where the network indicates the BLER threshold as part of each CSI report setting, there by the network can obtain the desired CQI without any delay. Hence we propose
	
Proposal 1:  BLER target for each CQI is conveyed to the UE as part of CSI report setting
Sub band CQI Reporting 
Another issue of CQI reporting is the number of bits for sub band CQI reporting. As it is already decides to have CQI size of 4 bits. It is not clear whether this CQI corresponds to wideband CQI or includes both wideband and sub band CQI. In our view, having full resolution for sub band CQI (similar to wideband CQI) is beneficial for URLLC. The other option is to increase the differential CQI bit size to 3 bits rather than 2 bits as the existing sub band CQI reporting mechanism is reused from LTE specifications. 


Hence we prefer to support either option 1 or/and option 2.
Option 1:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Option 2: Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2


Hence we propose that 

Proposal 2:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Proposal 3:  Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2


MCS Indication for URLLC 
In the previous meeting most of the focus is on CQI thresholds and entries for CQI table design. However it should be noted that with the introduction of two CQI tables corresponding to different thresholds MCS table is design is tricky. For example in eMBB, the MCS table is designed such that each index differs by almost 1 dB with the previous MCS index.  However, with a new CQI table for 10 ^ (-5), we need to design a new MCS table corresponding the BLER threshold of 10 ^ (-5).  In this case, we prefer to indicate the chosen MCS table as part of downlink control channel for URLLC. This gives flexibility to the network to switch between eMBB and NR URLLC. Note that the spectral efficiency of NR URLLC with BLER threshold of 10^ (-5) is always less than the spectral efficiency of NR URLLC with BLER threshold of 10^ (-1) or eMBB.

Proposal 4:  If two MCS tables are designed, dynamic indication of MCS table as part of DCI is preferred for URLLC  
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on CQI/MCS reporting for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  BLER target for each CQI is conveyed to the UE as part of CSI report setting
[bookmark: _GoBack]
Proposal 2:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Proposal 3:  Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2




Proposal 4:  If two MCS tables are designed, dynamic indication of MCS table as part of DCI is preferred for URLLC  
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