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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 the 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], this would require specific considerations on both the control channel and data channel. During the SI phase, there were some discussions on DL HARQ for URLLC but no agreements were reached. In this contribution, we provide our consideration on DL HARQ for URLLC.
Discussion
[bookmark: _Ref129681832]DL HARQ for URLLC
Single shot transmission
To meet the RAN requirement on latency and reliability, one way is to use single shot transmissions. Herein by single shot transmission we mean that the gNB does not expect any ACK/NACK feedback to trigger HARQ retransmissions or terminate the ongoing repetition as proposed for UL grant free transmissions. 
For single-shot transmission, the overall latency includes queuing/scheduling time, transmission time, and processing time. Compared to multi-shot transmissions, e.g. conventional stop-and-wait HARQ scheme, a lower packet delay can be achieved. At the same time, since the reliability has to be guaranteed at one time, the resource needed to ensure the reliability has to be provisioned whenever the user is scheduled. This leads to low resource efficiency and low system capacity which may not be preferable at high system load. It should be noted that consecutive transmissions, i.e. a number of repetitions after the initial transmission for the same transport block, can be adopted as shown in Figure 1. 
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[bookmark: _Ref465687117]Figure 1 Single shot transmission for URLLC with/without repetitions
Although the resource efficiency is low, single shot transmission may be the only or preferable choice in some cases as listed below: 
Case 1: In case of TDD, especially for macro deployment, it is not preferable to change the frame structure in a very dynamic manner. The DL/UL split is usually determined by the average traffic load within the network. Frequent and uncoordinated UL/DL switching may lead to large GP overhead and strong cross-link interference. In this case, if the URLLC packet arrives at during the last transmission opportunity of a given link direction, it has to wait at least the duration of the whole reverse link until the next transmission opportunity is available. Then it has to wait for the next reverse link opportunity for ACK/NACK feedback. The delay introduced by the frame alignment and ACK/NACK feedback is almost same as the switching periodicity. Therefore, ACK/NACK based retransmission is not proper for the case when the UL/DL switching periodicity is relatively large. 
Case 2: In case the URLLC traffic load becomes high, the queuing delay for each URLLC UE will be increased since it may be possible to serve all the UEs simultaneously. Hence, for UEs with large queuing delays, there may not be enough time left to allow HARQ retransmissions at the time when the UE is scheduled. In this case, single shot transmission should be adopted.
Case 3: In case of dynamic resource sharing between URLLC and eMBB, when the URLLC traffic load is low, it may be preferable to use single shot transmission for URLLC in order to provide low latency without causing a big impact on the eMBB service. However, when the URLLC traffic load is high, the system capacity becomes the main concern hence the HARQ retransmission is more suitable.
Proposal 1: For DL transmission, L repetitions for the same TB are supported.
Proposal 2: A DL transmission scheme without A/N feedback should be supported for URLLC.
 HARQ transmissions
Without HARQ retransmissions, the reliability for the initial transmission has to be very high, i.e. higher than 99.999%, as discussed in [3]. With HARQ retransmissions, the reliability for the initial transmission can be relaxed hence the resource efficiency can be improved. As an example, if the BLER target for the initial transmission is 1%, there is 99% probability that the transmission will only consume the resources allocated for the initial transmission. In general, it is always beneficial to reduce the HARQ RTT so that more HARQ retransmission opportunities are allowed within the latency bound. 
The basic HARQ scheme does not allow many transmission opportunities, if there is an ACK/NACK for each (re)transmission. To increase the transmission opportunities, one possible scheme is to use automatic repetitions for both initial transmission and retransmission. The number of transmissions can also be adapted based on the CQI report and indicated to the UE dynamically. As a result, if the ACK/NACK is sent early, then more transmissions can be requested by the NACK. If the ACK/NACK comes late, then fewer transmissions can be requested by the NACK. 
As an improvement to the above repetition scheme, the subsequent repetition can be terminated by an ACK feedback reported from the UE. This scheme is proposed for UL grant free transmissions and can be applied for DL transmissions as well [4]. As a further optimization, the transmit power, MCS and/or resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted if a more updated and accurate CSI report can be available at the gNB as shown in Figure 2. A new CSI report, e.g. in the form of CQI correction, can be introduced to indicate the gap between the selected MCS and the practical channel condition. The new CSI report, referred to as low latency CQI (LL-CQI) report hereafter, can be based on the RS within the current transmission. The MCS and resource allocation should be adjusted and indicated to the UE dynamically. Compared to the basic repetition scheme, this could further improve the spectrum efficiency and reduce the latency for URLLC. 
[image: ]
[bookmark: _Ref477186725]Figure 2 Dynamic MCS adjustment based on LL-CQI report
[bookmark: _GoBack]To demonstrate the necessity of the LL-CQI report, we provide some system-level simulation results below. The Cumulative Distribution Function of SINR differences (absolute value) between the CQI report and NR-PDSCH post SINR(LL-CQI) are provided in Figure 3. Two schemes are compared: (1) Periodic CQI without LL-CQI report; (2) Periodic CQI with LL-CQI report. It can be seen from Figure 3 that there is a large SINR differences if LL-CQI report is not applied. For example, for cell-edge UE, there is 10% probability that the SINR difference is larger than 4dB, which directly translates into spectrum efficiency losses. The simulation assumptions can be found in the Appendix.
Proposal 3: The subsequent repetition for the same TB can be terminated by an ACK indication reported from the UE.
Proposal 4: The MCS and resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted.
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[bookmark: _Ref478165587]Figure 3 CDF of SINR differences between the CQI report and NR-PDSCH post SINR: (left) - cell middle UE, (right) – cell edge UE
TDD aspects
In TDD, it is difficult to meet the 0.5ms one-way latency requirement with 0.5ms UL/DL switching point. For example, when a URLLC DL package arrives right after the beginning of a DL slot, the package has to wait until the next DL slot is available. In this case, 0.5ms waiting time is almost unavoidable. For 15 kHz SCS, 0.5ms UL/DL switching point may be able to support 0.5ms one-way latency using a symmetric frame structure (e.g. a slot with 3 DL symbols, 1 GP symbol and 3 UL symbols). However, GP overhead of these frame structures is too large due that at least one symbol needs reserved as GP, more than 14% overhead. This is a very inefficient way to support URLLC in TDD. Hence, UL/DL switching point less than 0.5ms as well as larger SCS should be considered in order to efficiently meet 0.5ms one-way latency in TDD.
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[bookmark: _Ref477189245]Figure 4  Frame structure with 60 kHz SCS and 7-symbol for TDD
An example of 0.25ms UL/DL switching point is given in Figure 4. The more frequent UL/DL switching point, the shorter latency. To meet one way latency less than 0.5ms, at least 0.25ms UL/DL switching point should be supported in TDD.
Proposal 5: For TDD, the interval between two UL/DL switching points should be no longer than 0.25ms for URLLC.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals
Proposal 1: For DL transmission, L repetitions for the same TB are supported.
Proposal 2: A DL transmission scheme without A/N feedback should be supported for URLLC.
Proposal 3: The subsequent repetition for the same TB can be terminated by an ACK indication reported from the UE.
Proposal 4: The MCS and resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted.
Proposal 5: For TDD, the interval between two UL/DL switching points should be no longer than 0.25ms for URLLC.
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Appendix 
Table 1 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

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: FTP Model 3 with APP packet size 0.5Mbytes 

	Traffic load (Resource utilization)
	URLLC/eMBB: Poisson packet arrival with arrival rate λ to achieve URLLC/eMBB target resource utilization ratio

	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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