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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The objective of the NR WI is to specify NR functionalities for eMBB and URLLC. For URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1]. In the RAN#78, the RAN1 scope [2] is achieved as follows
· Specify, CQI table and MCS table design targeting high reliability
Based on the following identified need from RAN1 (RAN1 #90bis)
· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
In this contribution, we discuss the URLLC CQI table design and the aspects of link adaptation for URLLC transmission, which may be the key aspects to optimize system capacity within strict latency and reliability.
Evaluation Methodology for URLLC CQI table
In this subsection, we discuss some specific link simulation assumptions for CQI table design as below.
· The symbol number of PDSCH 
· Overhead of reference signals and control signaling
· RB number
· Coding Scheme 
· Target BLER 
· Antenna configuration 
· Channel model
· RV and HARQ
· Metrics: polynomial approximation, lowest SNR, efficiency and maximum coding rate

· The symbol number of PDSCH , overhead of reference signals and control signaling
According to the section 5.2.2.1.1 in [3], the resource assumption for CQI index are specified as followed. 
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling
-	The number of PDSCH symbols is equal to 12.
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0
-	Assume no REs allocated for CSI-RS and zero-power CSI-RS
-	Assume the PDSCH symbols are not containing DM-RS.
The overhead of reference signals could be used for URLLC CQI table design, since it has a little impact on the number of available REs. However, the number of symbols for PDSCH and control signaling may be not suitable to the URLLC transmission. Assuming 15 KHz or 30 KHz of SCS, the 12 symbols PDSCH has already exceeded the one-way 0.5ms latency requirement. Hence, we gives the two candidates to URLLC CQI table.
· Alt 1-1: Use the new assumption for the purpose of deriving the CQI index, as the number of PDSCH symbols is 6 symbols, and the first 1 OFDM symbol is occupied by control signaling.
· Alt 1-2: Reuse the current assumption for the purpose of deriving the CQI index, as the number of PDSCH symbols is 12 symbols, and the first 2 OFDM symbol is occupied by control signaling.

· RB number
In LTE system, 4 PRBs is assumed to derive CQI table. However, this may be not suitable for URLLC since the URLLC needs more resources to guarantee the high reliability.
Hence, we gives the two candidates to URLLC CQI table.
· Alt 2-1: Use the new assumption for the purpose of deriving the CQI index, as the PRB number of PDSCH is 8 or more.
· Alt 2-2: Reuse the LTE assumption for the purpose of deriving the CQI index, as the PRB number of PDSCH is 4.
· Coding Scheme
Although LDPC is agreed for eMBB data channel, Polar code outperforms LDPC when the TBS is small [4]. Hence, the coding scheme should consider both Polar code and LDPC for URLLC data transmission.
· Target BLER 
Considering the URLLC requirement is 1ms and 99.999%, so the BLER region should include the 1e-5. Two BLER targets were agreed for URLLC. Then, the {1e-2, 1e-3, 1e-4, 1e-5} should be considered to the evaluation of CQI table.
· Antenna configuration 
In RAN#78 the 4Rx Antenna is mandatory in some bands [5], the URLLC CQI table would be consider this assumption.
· Channel model
In LTE, the AWGN channel is used for CQI index evaluation since it would be easier to align evaluation results among companies. Hence, we prefer the channel model is used to AGWN rather than fading channel of ITU, as EPA.
· RV and HARQ
HARQ retransmission is disabled and redundancy version 0 is used in the evaluation.
· Polynomial approximation, lowest SNR, efficiency and coding rate
Similar to the CQI table discussion in LTE, a polynomial approximation can be performed for the spectrum efficiency vs. SNR based on the results from LLS. For each modulation, we can obtain by simulation the waterfall curve, as that BLER vs. SNR for a range of TBS+CRC sizes for the given physical resource allocation. Besides, a polynomial fit is performed to get a fitted function, i.e., efficiency = f (SNR). For each waterfall curve, the SNR for 1e-2 BLER, 1e-3 BLER, 1e-4 BLER, 1e-5 BLER are extracted.
The lowest SNR may be different for different BLER, but the SNR region for the UE can monitor PDCCH in the radio link should be the same under different BLERs. Hence, for simplicity, we can fix the same lowest SNR for a coding rate lower than eMBB CQI table, e.g. -10dB, even if we have the two CQI table for two BLERs.
The minimum coding rate should be determined by lowest SNR, if the lowest SNR is fixed.
The maximum coding rate is 0.9 in LTE. However, high coding rate may not be used in NR URLLC since the URLLC needs high reliability of 1e-5. Hence, the moderate coding rate may be more suitable to URLLC.

For summary the above assumptions for URLLC CQI table, we give the table 1.
Table 1 Simulation assumptions for URLLC CQI table 
	Parameters
	Value

	Overhead of reference signals
	0

	The symbol number of PDSCH and control signaling

	Alt 1-1: PDSCH symbols is 6 symbols, the first 1 OFDM symbol is occupied by control signaling
Alt 1-2: PDSCH symbols is 12 symbols, the first 2 OFDM symbol is occupied by control signaling

	RB number

	Alt 2-1: PRB number is 8 or more
Alt 2-2: PRB number is 4

	Coding Scheme
	· Polar: GA Puncture, With longer mother code length(>1024 for 16 QAM), CA-List8
· LDPC: eMBB BG2, LOMS with iteration=20

	Target BLER
	1e-2, 1e-3,1e-4, 1e-5

	Antenna configuration 
	1T4R

	Channel model
	AWGN

	HARQ
	Single transmission only

	RV
	0

	CRC
	24bits

	lowest SNR
	-10dB or other value

	Minimum coding rate
	Depends on lowest SNR

	Maximum coding rate
	2/3, 0.9 is optional

	Efficiency
	Bit per RE




Proposal 1: For evaluation of CQI table for URLLC, RAN1 should agree on the simulation assumptions and evaluation metric, e.g. RB number, coding rate, and etc. 
MCS table for URLLC
Based on [2], two target BLERs are supported for CQI table(s) of URLLC.  For eMBB and large packet, the values of MCS may be larger with large interval and higher code rates. However, for URLLC and small packet, the MCS may be low with smaller granularity and lower code rates. It is straightforward to introduce two BLERs for the MCS table(s) of URLLC. Similar to LTE, some entries in the MCS table corresponds to the entries in the CQI table. It will simplify the gNB implementation to choose the appropriate modulation and coding rate based on the CQI feedback. Since the CQI table for low BLER would include the lower coding rate, the eMBB MCS table is not suitable to URLLC. Hence, it needs the new MCS table(s) corresponding to new CQI table.
On one hand, the URLLC has more urge latency requirement than eMBB, it is not preferred to reconfigure MCS table with different target BLER by high layer signaling. Furthermore, a fast MCS adaption is beneficial based on low latency CQI scheme [6]. Hence, the flexible different BLERs MCS indication via DCI should be supported for URLLC (re)transmission.
On the other hand, based on [3], it was agreed that CSI report with different target BLER will be supported. Then, the gNB can dynamically choose the appropriate MCS based on the multiple BLER CSI reports. Even if the URLLC UE only support one CSI report associated with one of two BLERs, the gNB can still dynamically trigger which BLER CSI to report by A-CSI request in DCI. The dynamic triggering has much benefit to the scheduling flexible to gNB implementation. For example, if gNB decides to transmit PDSCH with 1e-5 target BLER, it could trigger the CSI report of 1e-5 BLER; in another case, if gNB decides to the transmit PDSCH with 1e-2 target BLER, it could trigger the CSI report of 1e-2 BLER. Furthermore, the gNB can dynamically choose the appropriate BLER to MCS indication based on the current channel condition, system resource and scheduling strategy.
Based on above discussion, we propose:
Proposal 2:	Two MCS tables with different target BLER should be supported for URLLC.
Proposal 3:	Selection of MCS table for URLLC should be dynamically indicated.
Furthermore, with a high reliability and low latency requirement, most likely URLLC favors a lower modulation order and coding rate than eMBB. As an example, we examine the performance of one cell-edge UE (5th percentile DL Geometry, -5dB). The instantaneous SINR traces and the SINR CDF of this UE is shown in Figure 1. In order to meet 1e-5 BLER requirement within 1ms, the MCS corresponding to 0.001% in instantaneous SNR CDF (as low as -15dB for 1Tx-1Rx), should be supported for URLLC due to the hard delay restriction even in extreme channel conditions. For eMBB, it is less need to consider very extreme channel conditions since the gNB could select good channel condition with relaxed delay constraint. On the other hand, from spectrum efficiency aspect, higher MCS level is also useful for URLLC UE with good channel condition. Larger TBS with high reliability and low latency requirement may exist in future. Hence, higher MCS level should also be supported to improve the spectrum efficiency. As one simple solution, an extended MCS table covering both lower and higher MCS could be adopted. 
[bookmark: OLE_LINK479][bookmark: OLE_LINK480]Proposal 4: New MCS entries targeting low coding rate region should be defined for URLLC. 
Generally, UEs at different geometry will experience different channel conditions. The channel condition will also be impacted by a number of other factors, e.g. antenna configurations. Therefore, it is possible to configure different MCS tables for different UEs. From specification point of view, one extended MCS table can be defined. For each UE, a smaller MCS table can be UE-specifically configured by selecting entries from the larger MCS table. This may also be beneficial to reduce the control signaling overhead.
[bookmark: OLE_LINK477][bookmark: OLE_LINK478]Proposal 5: A UE-specific MCS mapping table can be considered for URLLC.
[image: C:\Users\x00389386\Desktop\yw temp\截图1.PNG][image: C:\Users\x00389386\Desktop\yw temp\截图2.PNG]
[bookmark: _Ref502939343]Figure 1. Traces and CDF of SINR for a cell-edge UE (5th percentile DL Geometry, -5dB).
[bookmark: _Ref129681832]Discussion on link adaptation for URLLC transmission
If accurate link adaption is not available to URLLC, URLLC data has to be scheduled in a conservative way which may lead to low resource utilization. Hence, the link adaption is beneficial to improve the URLLC capacity. Similar with LTE, the link adaption could include the adjustment of MIMO schemes, precoding and MCS. Of course, the link adaption mainly depends on the CSI feedback from UE in FDD system. The CSI content can be RI, PMI, CQI and other channel quality information.
Differential CQI report for multiple BLER
Although given different channel models or different receiver implementations, the SNR difference may be still limited range. 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 1e-2 to 1e-5, assumed reference CQI with a target BLER of 1e-1. 
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



In the view of URLLC, compact signaling indication with less UCI overhead is benefit for reliability, so how to compress CQI indication needs to be considered. Hence, the differential CQI report could reduce much UCI payload when multiple subband CQIs corresponding to multiple BLER would report in one PUCCH or PUSCH.
Based on the above discussion, we have the following proposal.
[bookmark: _GoBack]Proposal 6: Differential CQI reporting with multiple BLER targets should be considered to reduce reporting payload in URLLC.
Low-latency CSI mechanism
In [6], 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. 
In general, the CSI measurement is mainly for scheduling and MCS selection for PDSCH. Low-latency CSI as indicated by its name is mainly used to report the instantaneous channel quality. This is especially crucial for URLLC with strict latency constraint. The low-latency CSI can be used for predicting a certain transmission of a URLLC urgent burst and/or choosing proper parameters for the following transmissions. Therefore, the measurement of low latency CSI could be based the most recent data transmission. Besides, considering that the resource of URLLC transmission may be obtained by pre-empting an ongoing eMBB transmission, using the DMRS to measure the low-latency CSI is rational because this could limit the impact to preempted eMBB transmissions. This could also save the need of allocating additional resources for CSI measurement. The details of the above low latency CSI mechanism can be discussed further, e.g., definition of CSI reference resource, CSI measurement resources and interference measurement, etc.
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.
In the RAN1 NR AH#3, A-CSI on short PUCCH is already agreed. Hence, the low-latency CSI feedback can be carried by a short PUCCH. The resource and indication for PUCCH would be higher-layer PUCCH resource configuration and DCI-based triggering, like as LTE format 3/4/5.
Proposal 7: Low-latency CSI should be supported and the following aspects can be discussed further 
· CSI measurement resources and procedures, e.g., definition of CSI reference resource
· Content of low latency CSI, e.g., normal CSI or differential CSI 
· Resources carrying the low latency CSI, e.g., indication of PUCCH resource for the CSI
Conclusions
In this contribution, we discussed the URLLC CQI table and the aspects of link adaptation for URLLC transmission. The following proposals are reached:
Proposal 1: For evaluation of CQI table for URLLC, RAN1 should agree on the simulation assumptions and evaluation metric, e.g. RB number, coding rate, and etc. 
Proposal 2:	Two MCS tables with different target BLER should be supported for URLLC.
Proposal 3:	Selection of MCS table for URLLC should be dynamically indicated.
Proposal 4: New MCS entries targeting low coding rate region should be defined for URLLC. 
Proposal 5: A UE-specific MCS mapping table can be considered for URLLC.
Proposal 6: Differential CQI reporting with multiple BLER targets should be considered to reduce reporting payload in URLLC.
Proposal 7: Low-latency CSI should be supported and the following aspects can be discussed further 
· CSI measurement resources and procedures, e.g., definition of CSI reference resource
· Content of low latency CSI, e.g., normal CSI or differential CSI 
· Resources carrying the low latency CSI, e.g., indication of PUCCH resource for the CSI
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