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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As described in TR 38.913[1], NR is targeting to support broad range of vertical services categorized by enhanced Mobile Broadband (eMBB), massive Machine Type Communications (mMTC), and Ultra-reliable and low-latency communication (URLLC).  URLLC has been widely envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. 
Regarding URLLC, various KPIs including reliability requirement, spectral efficiency, user experience data rate, etc. have been introduced in TR 38.913. In this contribution, we discuss the aspects of link adaptation for URLLC transmission, which may be the key aspects to optimize system capacity within strict latency and reliability.
[bookmark: _Ref129681832]Discussion on link adaptation for URLLC transmission
Link adaption is beneficial to improve the URLLC capacity.  Without CSI feedback, URLLC data have to be scheduled in a conservative way which may leads to low resources utilization. Similar as scheduling eMBB UEs, gNB can also adjust MIMO schemes, precoding, and MCS for URLLC UEs in downlink based on UEs’ feedback such as RI, PMI and CQI. 
CQI report
In LTE, UE calculates CQI corresponding to a spectral efficiency at which it can achieve a target BLER of 10% in one transmission. However, a general reliability requirement for URLLC is 1-10-5 for a 32-byte packet with a user plane latency of 1ms. Even with the help of HARQ, the target BLER of 10% is still not reliable enough for URLLC services due to target latency limitation. Figure 1 shows the system simulation result for outage ratio and capacity of URLLC with different target BLER. SFBC is assumed here and packet arrival rate is 300 packets /sec per UE. More detailed simulation assumptions can be found in the Appendix A. 
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Figure 1 Performance comparison of different target BLER.
As shown in Figure 1, assuming 99.99% target reliability, the outage ratio is 21% lower by decreasing the target BLER from 10% to 0.1% and there is 31.6% gain in URLLC capacity. Therefore, the CQI for URLLC should have a different requirement of target BLER, and in order to meet different latency and reliability requirements for various applications, the target BLER of one transmission in link adaptation should be flexible enough compared to LTE. 
One option is to configure multiple CQI reports with different BLER targets. Another option is to configure one CQI report with a fixed target BLER, and gNB may recalculate the CQI for different target BLER with additional information from UE. gNB can also adjust the MCS of retransmission with different target BLER from previous transmission. LLS have been conducted to show comparison of different transmissions with the same BLER target as well as with different BLER targets. We compare different cases shown in Table 1. The simulation assumptions are provided in the Appendix B.
Table 1 Comparison of different transmissions with the same and different BLER targets
	
	target BLER of 1st Tx
	target BLER of 2nd Tx
	target BLER of 3rd Tx

	case1
	10%
	10%
	10%

	case2
	0.1%
	0.1%
	0.1%

	case3
	10%
	0.1%
	0.1%



The packet error rates of different cases under different SNRs are given in Table 2. Packet error rate means the percentage of wrong packets after 3 transmissions. Under different SNRs, both case2 and case3 could meet 99.999% reliability target while case1 could not. 
Table 2  Packet error rate of different cases
	
	SNR=0
	SNR=5
	SNR=10

	
	case1
	case2
	case3
	case1
	case2
	case3
	case1
	case2
	case3

	Packet error rate
	2E-04
	<1E-5
	<1E-5
	1E-04
	<1E-5
	<1E-5
	1E-04
	<1E-5
	<1E-5



In Figure 2, LLS result shows the comparison of spectral efficiency of case2 and case3. Case1 is excluded from the comparison as it could not meet reliability requirement within latency target. In case2, UE reports the CQI for a fixed target BLER (0.1%) and gNB transmits with the BLER in every transmission. In case3, UE reports the CQI for the fixed target BLER (10%), and in 1st transmission gNB transmits with the corresponding BLER, then adjust the CQI corresponding to a lower BLER (0.1%) in retransmissions with additional information from UE.

Figure 2. Spectral efficiency of different cases.
From Figure 2, the spectral efficiency of case3 is always higher than case2, and the gap could be larger than 50%. This means that more URLLC UEs could be served and less ongoing eMBB data might be influenced. Therefore, gNB using different BLER targets in different transmissions with additional information from UE seems better than other cases. 
In LTE, the legacy CQI table and transport block size table are made for a fixed target BLER of 10%. However, URLLC requires high reliability with ultra-low latency, e.g. 99.999% with 1ms. In Table 3, LLS result shows the effective code rate to meet URLLC KPI of different UEs within one transmission. The simulation assumptions are provided in the Appendix C.
Table 3 Effective code rate meeting URLLC KPI of different UEs
	SNR
	-5
	0
	5
	10
	15

	Modulation
	2
	2
	4
	6
	6

	Effective code rate
	0.012683
	0.1283
	0.0957
	0.2522
	0.3511



For SNR = -5dB, the effective code rate is around 1/6 of the minimum code rate (around 0.1) in current CQI table. Therefore, for cell-edge UEs (SNR < 0dB), the CQI table and transport block size table cannot cover such lower code rate.
Observation 1: Lower code rate less than 0.1 is needed for CQI reporting and downlink transmission to meet URLLC reliability requirement. 
Expanding the CQI table with lower code rate seems to be one solution. However, as the reliability requirement of URLLC varies, the expanding CQI table should be made for various targets BLER (e.g. 1e-5, 1e-9, etc.) with suitable code rate. Therefore, expanding the CQI table might be very complicated as well as inefficient. One alternative solution is to report additional information of reference repetition number X to achieve a reference target BLER (e.g., 1-99.999%) under a given BLER (e.g., 1%) of initial repetition. With the reference repetition number information, gNB can schedule a suitable total repetition number K according to actual target BLER requirement of different URLLC traffic. The total K repetition can be aggregated flexibly in time and frequency domain to multiple (re)transmissions within one transmission. The information of repetition number X can be reported via higher layer signaling (e.g., RRC, MAC CE) or L1 signaling (e.g. along with the legacy CQI reporting or using low latency CQI (LL-CQI) in our companion contribution [2]).The other alternative solution is UE specifically CQI table.
Proposal 1: Enhanced CQI reporting and downlink transmission should be studied for URLLC operation to support URLLC reliability requirement. FFS on reporting reference repetition number. 

Transmit diversity scheme
Transmit diversity provides a mechanism of achieving reliability from transmission point of view, especially when CSI is hardly acquired accurately. 
Transmit diversity scheme can be categorized into two types: 1) transparent scheme and 2) non-transparent scheme. The transparency of transmit diversity scheme mentioned refers to whether data and DMRS is restricted to be transmitted with the same precoding matrix. For example, PRG-level precoder cycling and SD-CDD are regarded as the transparent schemes, while SFBC and RE-level precoder cycling are the non-transparent schemes. It is worth noting that BLER performance should be the top-priority issue for the URLLC use case. Based on the analysis in [3], non-transparent schemes outperforms transparent schemes by lower BLER given the same transmit SNR. In particular, SFBC outperforms all the other schemes in diverse scenarios. The BLER performances of different transmit diversity schemes are shown in Figure 3, in which the simulation assumptions of URLLC in appendix D are used. It can be observed that SFBC outperforms all the other transmit diversity schemes significantly, especially at BLER=1e-5, which is the general reliability requirement for URLLC. Moderate coding rate, e.g., 1/3, is an important case of URLLC, in which SFBC has large performance gain compared to other transmission schemes. Based on the aforementioned analysis, URLLC should further consider transmit diversity scheme for reliable transmission.
Proposal 2: Transmit diversity scheme should be further studied for reliable URLLC transmission.
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Figure 3. Performance comparison of different transmit diversity scheme for URLLC.

Multi-antenna scheme with PMI and RI feedback
When the URLLC traffic load is high, transmit diversity scheme may result in higher outage due to its lower spectral efficiency. In order to achieve low latency with ultra-reliable requirement especially for heavier URLLC traffic load, beam-forming would be particularly appealing, given the large number of antennas envisioned for NR.
Figure 4 shows the system simulation result for outage ratio and capacity of URLLC for different transmission schemes with packet arrival rate equal to 700 packets/sec per UE.  
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Figure 4. Performance comparison of different multi-antenna techniques.
As shown in Figure 4, option 1 is transmit diversity scheme with SFBC, option 2 is beam-forming scheme with wideband PMI feedback, option 3 is beam-forming scheme with sub-band PMI feedback. In the case of 99.99% reliability target, the outage ratio of option 2 is 18.5% lower than that of option 1 and the outage ratio of option 3 is 31% lower than that of option 1. Similar trend could be observed considering URLLC capacity. The URLLC capacity of option 2 is 38.1% higher than that of option 1, and the URLLC capacity of option 3 is 60.3% better than that of option 1. Compared with transmit diversity scheme, more packets could be transmitted successfully within 1ms by using beam-forming scheme due to higher SINR at target receiver.
Observation 2: Beam-forming scheme have lower outage ratio and higher URLLC capacity compared with transmit diversity scheme, especially when URLLC traffic load is heavy.
In order to better support beam-forming operation, UE can be configured to report PMI and RI in addition to CQI reporting. There are two types of CSI reports in LTE, i.e. aperiodic and periodic. Although aperiodic feedback carries more CSI information, it is not feasible to configure aperiodic feedback for beam-forming of URLLC transmission considering the latency requirement. For example, once a URLLC packet to a specific UE is arrived, gNB needs to send a UL grant first to request an aperiodic CSI report, and then wait for the CSI feedback from UE to prepare corresponding DL transmission. For some URLLC applications with exceptionally low latency requirement, the overall latency may hardly reach the requirement because of this extra delay. 
In terms of periodic CSI feedback, a trade-off exists between the amount of overhead and the accuracy with which link adaptation can match the prevailing conditions. While there is at most one RI reported which is valid across the full bandwidth, both wideband and sub-band CQI and PMI are available according to the configuration of gNB. Although fine resolution in the frequency domain allows better exploitation of precoding gain, it leads to increased feedback overhead and potentially longer feedback period in the UL at the same time. Considering the above, certain enhancement for periodic feedback are needed to enable beam-forming of URLLC transmission.
Proposal 3: Besides transmit diversity, beam-forming with enhanced periodic feedback scheme should be considered for URLLC transmission.
Conclusions
In this contribution, we discussed the aspects of link adaptation for URLLC transmission. The following observations and proposals are reached:
Observation 1: Lower code rate less than 0.1 is needed for CQI reporting and downlink transmission to meet URLLC reliability requirement. 
Observation 2: Beam-forming scheme have lower outage ratio and higher URLLC capacity compared with transmit diversity scheme, especially when URLLC traffic load is heavy.
Proposal 1: Enhanced CQI reporting and downlink transmission should be studied for URLLC operation to support URLLC reliability requirement. FFS on reporting reference repetition number. 
Proposal 2: Transmit diversity scheme should be further studied for reliable URLLC transmission.
Proposal 3: Besides transmit diversity, beam-forming with enhanced periodic feedback scheme should be considered for URLLC transmission.
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Appendix A
Evaluation Assumptions 
	Parameters
	Urban Macro

	Bandwidth
	Total 20MHz, coexist region 15MHz

	Numerology
	60kHz SCS, 7symbol slot

	Number of max HARQ times
	2

	Inter-gNB distance 
	500 m

	Carrier frequency 
	4 GHz

	Channel model
	36.873 3D UMa

	gNB Tx power
	46 dBm per 20 MHz

	Number of antennas
	8Tx2R

	gNB antenna configurations
	See 38.802, table A.2.1-4.

	gNB antenna height 
	25 m

	gNB antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	gNB receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	URLLC: FTP Model 3 with packet size 32 bytes 

	UE distribution
	20% Outdoor in cars:   30 km/h,
80% Indoor:                   3 km/h
URLLC:                       10 UE/sector


Appendix B
Link level simulation assumptions
	Parameter
	Value

	Bandwidth
	20MHz

	Numerology
	60kHz NCP

	MIMO
	2X2

	Rank
	1

	Transmission Mode
	TM2

	PUCCH MODE
	PUCCH 1-0

	Channel Model
	TDL-300ns

	Channel Estimation
	Ideal

	Overhead
	None RS and Control overhead

	HARQ
	Enabled

	Receiver
	MMSE



Appendix C
Link level simulation assumptions
	Parameter
	Value

	Bandwidth
	20MHz

	Numerology
	60 kHz 7 symbol NCP

	MIMO
	2X2

	Rank
	1

	Transmission Mode
	TM2

	PUCCH MODE
	PUCCH 1-0

	Channel Model
	TDL-300ns

	Channel Estimation
	Real

	Overhead
	None Control overhead

	HARQ
	Disabled. Only 1 Tx

	Receiver
	MMSE



Appendix D
Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4G

	Modulation and coding rate
	QPSK,1/3

	User bandwidth
	4RB

	DMRS bundling size
	SFBC：4RB
SDCDD：4RB
PRG LEVEL CYCLYING：4RB (RBG Size = 4RB)
4port RE LEVEL CYCLYING：1RB

	Sub-carrier spacing
	60k

	TTI length
	0.25ms

	OFDM symbols per TTI
	14

	Channel model
	CDL-A in TR38.900; user speed = 3km/h

	Delay spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng)= (4, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ

	BS TXRU configuration
	(M, N, P, Mg, Ng)= (2, 2, 2, 1, 1)

	UE antenna elements
	(M, N, P, Mg, Ng)= (1,1, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ

	UE TXRU configuration
	(M, N, P, Mg, Ng)= (1, 1, 2, 1, 1)

	TXRU Virtualization
	TR36.897

	PHY Packet size
	32 byte

	Channel estimation
	Realistic

	Code Book
	R14 Class A Config. 2

	PMI feedback period
	1.25ms
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