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Introduction
The WI on New Radio (NR) Access Technology was approved at RAN #75. The objective of this WI is to specify NR functionalities for eMBB and URLLC. As for URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1], where the discussion on reliability started from last meeting. During last meeting, there were some discussions on reliability for URLLC, including both data channel and control channel but no agreements were reached. In this contribution, we provide our views on DL data channel reliability for URLLC, especially focusing on importance of supporting ultra-reliability in a resource efficient way. This contribution provides system simulation results to aid the discussion.
Discussion
[bookmark: _Ref129681832]Repetition transmission
To meet the RAN requirement on latency and reliability, one straightforward way is to reply on repetitions as discussed in [3]. Compared to the traditional stop-and-wait HARQ transmission scheme, the high reliability and low latency can be achieved by scheduling several repetitions before ACK/NACK feedback. It is obvious that the number of repetitions is the key parameter for overall performance. According to analysis in [2], the code rate needed to achieve 10%BLER is about 1.5 times higher than the code rate with 1e-5 BLER target under same SINR. This implies that a packet selecting a MCS corresponding to 10% BLER could achieve 1e-5 BLER with 2 repetitions. However, this is only feasible if MCS can be selected properly which may not be possible in practice. Considering the fluctuations between CQI measurement occasion and data transmission occasion due to fast-fading and interference variation, the SINR during transmission duration could be lower than the reported CQI, so we may need to assign more resource for URLLC with 1e-5 BLER, e.g. increase the number of repetitions.
The system-level performance for two schemes with different number of repetitions L is provided in Table 1 and the detailed UE BLER distribution is shown in Figure 1.For simplicity, the BLER target is assumed to 1e-4 but similar results are expected for 1e-5 BLER target. Two schemes are compared: (1): L=2; (2): L=4. It can be seen that the ratio of users satisfying the target BLER is 17.14% for L=2. The BLER target cannot be guaranteed from system point of view due to the CQI reporting delay such that the when SINR during data transmission is lower than reported CQI, the data decoding performance will be degraded, i.e. the BLER target cannot be guaranteed due to the impairment in link adaptation. One simple way to enhance the reliability is to increase the number of repetitions, e.g. L=4. One may expect that the reliability can be guaranteed at the cost of more resources. However, as shown in Table 1, the ratio of user satisfying target the BLER drops to 0 for L=4, i.e.  all UE’s BLER are larger than target BLER, as shown in Figure 1. The underlying reason is that the increasing in the number of repetitions leads to serious congestions in the system. With the increasing number of repetitions, more resources will be allocated to each packet transmission which results in the increasing of overall queuing delay. In some cases, this directly leads to packet overdue, and in some other case, the time left for repetition is not enough to ensure the reliability requirement.
Table 1 System performance for two repetition schemes: L=2 vs. L=4
	Repetition number
	Proportion of UEs satisfying target BLER of 0.01% 

	L=2
	17.14%

	L=4
	0
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Figure 1 UE BLER distribution for two schemes: L=2 vs. L=4
In order to analyze the impact from congestion, the ratio of packet transmission failure due to congestion is studied and a new metric,  is defined in the following:

The distribution of  is shown in Figure 2. It can be seen that for L=4, the  for all UEs are larger than the target BLER, which implies that congestion becomes the major cause of packet transmission failure for L=4. In contrast, the packet transmission failure due to congestion is much lower for L=2.
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Figure 2 UE distributions for two schemes: L=2 vs. L=4
Observation 1: A moderate number of repetitions for the same TB is not sufficient to ensure the required reliability due to the SINR differences between CQI measurement and data transmission.
Observation 2: An excessive number of repetitions for the same TB leads to low resource efficiency and serious congestion from system perspective.
Observation 3: The support of ultra-reliability shall not compromise resource efficiency at the cost of excessive repetitions.
Efficient repetition schemes
In this section, three schemes with improved resource efficiency are discussed. 
Scheme 1: Dynamic repetition configuration
Different repetition patterns can be considered to allow some scheduling flexibility to handle different channel condition and delay budget, e.g. as shown in Figure2, An interlaced repetition pattern can be used when the delay budget is sufficient. While a contiguous repetition pattern can be used when the delay budget is insufficient. A larger repetition number can be used for low SINR while smaller repetition number can be used for moderate SINR. 

 
Figure 2 Dynamic repetition pattern: Packet 1 with small delay budget and packet 2 with large delay budget
The resource allocation scheme indicated by the repetition pattern can be flexible in both time and frequency domain, which means besides the repetition time, the frequency resource assigned to each transmission can be variable. As depicted in Fig. 3, the RB number occupied by the first repetition is calculated by a given BLER (e.g., 10%), and the second repetition may occupies more RBs whose increment is indicated by the pattern. Considering that the occurrence probability of the repetition reduces with the increase of the repetition time, it is advantageous for improving transmission success rate with minimal impact on the spectral efficiency to assign more frequency resource to the latter repetitions than that to the former repetitions, which provides more transmission chance in frequency domain for those low-SNR UEs and avoids wasting resource in the former repetitions with high occurrence probability. 


Figure 3 Dynamic repetition pattern: Flexible resource in frequency domain for each repetition
The system-level performance for repetition schemes with different patterns is provided. The URLLC outage is evaluated. When all the repetitions are assigned with same frequency resources by the gNb, the URLLC outage is as high as 30%. However, with the implementation of the pattern which allocates more RBs to the latter repetitions, the URLLC outage can be cut down to 17%. 
The flexibility in both time and frequency domain should be taken into consideration while designing the pattern for different services. A combination of higher-layer and physical layer signalling can be considered to enable dynamic selection of repetition patterns.
Scheme 2: Early termination
This scheme is proposed for UL grant free transmissions and can be applied for DL transmissions as well. Early termination could avoid redundant transmission to some extent. This scheme can work jointly with dynamic repetition scheme (scheme1), the redundant transmission could be reduced. As shown in Figure 3, both interlaced repetition and early termination are adopted, in which the third and forth transmission are redundant, early termination could avoid the forth transmission


Figure 3  Interlaced repetition with early termination feedback. ACK feedback delay = 3 TTI for example 
Scheme 3: Adaptive repetition based on Low latency- CSI (LL-CSI) 
The transmit power, MCS and/or resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted if LL-CSI can be available at the gNB, as shown in Figure 4. Compared to the basic repetition scheme, this could further improve both the ratio of user satisfying reliability requirement and spectrum efficiency significantly. Some system performance is shown in [3]. 


 
Figure 4 Adaptive repetition based on LL-CSI
Proposal: The following schemes are supported to improve the resource efficiency in addition to the data repetitions
· Dynamic repetition configuration
· Early termination by ACK
· Adaptive repetition based on Low latency- CQI (LL-CQI)
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we provide our view on the data channel design aspects for URLLC and have the following observation and proposals 
Observation 1: A moderate number of repetitions for the same TB is not sufficient to ensure the required reliability due to the SINR differences between CQI measurement and data transmission.
Observation 2: An excessive number of repetitions for the same TB leads to low resource efficiency and serious congestion from system perspective.
Observation 3: The support of ultra-reliability shall not compromise resource efficiency at the cost of excessive repetitions.
Proposal: The following schemes are supported to improve the resource efficiency in addition to the data repetitions
· Dynamic repetition configuration
· Early termination by ACK
· Adaptive repetition based on Low latency- CQI (LL-CQI)
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Appendix 
Table A1 Simulation assumptions
	Parameters
	Description

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	60kHz

	Simulation bandwidth
	20 MHz

	Channel model
	3D UMa

	BS Tx power
	46 dBm

	BS antenna configurations
	2TX

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8dBi

	UE antenna configurations
	2RX

	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

	CQI reporting period
	20ms

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

	Traffic load (Resource utilization)
	λ=100

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

	UE receiver
	MMSE-IRC
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