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Introduction
Ultra reliable and low latency communication (URLLC) is identified as one of the three usage scenarios envisioned for IMT-2020 (“5G”) system. A general requirement for URLLC is to ensure 99.999% success probability of transmitting X bytes within a user plane latency of 1ms. 
Despite of the tight latency budget, HARQ scheme could be used to improve the resource utilization [1]. The HARQ related aspects for URLLC was discussed at RAN1 #86bis and the following was agreed
•       Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
–      Further study TTI duration and achievable latency based on at least one retransmission
–      Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
•       This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
In this contribution, we discussed HARQ design for DL URLLC. The UL HARQ design for URLLC are discussed in our companion paper [2].
Discussion
[bookmark: _Ref129681832][bookmark: _GoBack]Single shot transmission for URLLC
To meet the RAN requirement on latency and reliability for URLLC, the simplest way is to use single shot transmission. This scheme does not rely on ACK/NACK based retransmissions wherein the overall latency only includes queuing/scheduling time, transmission time, and processing time. It should be noted that slot aggregation as agreed in [3] can also be adopted in single shot transmission as shown in Figure 1. Since the reliability has to be ensured with one shot transmission, the resource needed to ensure the reliability requirement has to be provisioned wherever the user is scheduled. This leads to low resource efficiency and low system capacity which is preferable at high system load. 
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[bookmark: _Ref465687117]Figure 1 Single shot transmission for URLLC with/without slot aggregation
It should be noted that 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 UL/DL switching may lead to the strong cross-link interference and large GP overhead. 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 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 eMBB 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 eMBB traffic load is high, the system capacity becomes the main concern hence the HARQ retransmission is more suitable.
Proposal 1: Single shot transmission with and without slot aggregation should be supported for URLLC.
HARQ retransmission for URLLC
Without HARQ retransmissions, the reliability for the initial transmission has to be very high, i.e. higher than 99.999%, as discussed in [1]. 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 can only consume the resources that are allocated for the transmission to ensure 1% BLER. As discussed in [4], HARQ retransmission is also beneficial to cope with busty inter-cell interference.
Proposal 2: DL HARQ should be supported to improve the resource efficiency for URLLC.
The basic HARQ scheme is the stop-and-wait mechanism. In general, it is always beneficial to reduce the HARQ RTT so that more HARQ retransmission opportunities are allowed within the latency bound. In the following, some analysis on transmission opportunities are provided for FDD and TDD respectively.
Transmission opportunity analysis in FDD
The basic HARQ scheme does not allow many transmission opportunities, if it is assumed that there is an ACK/NACK for each transmission, occupying almost the 1ms duration. To increase transmission opportunities, one possible scheme is provided by applying slot aggregation in both initial transmission and retransmission, 5 transmission opportunities can be supported. It is noted that in the aggregated slots for initial transmission, there is no ACK/NACK feedback in between. The number of aggregated slots in the initial transmission can also be adapted based on the CQI report. The ACK/NACK feedback for the initial transmission can be used to indicate the number of slots required for retransmission considering the confidence level after the initial transmission. If the confidence level is high but CRC check fails after the initial transmission, then a NACK indicating one slot retransmission could be sent. If confidence level is low, NACK indicating more slots transmission could be sent. Also, a simple choice of the NACK is to allow the network to send as many slots as possible, as long as the number of slots will not exceed the latency requirement. As a result, if the ACK/NACK is sent early, then more slots can be requested by the NACK. If the ACK/NACK comes late, then fewer slots can be requested by the NACK. 
Table 1 provides the number of transmission opportunities for different schemes. “ACK/NACK for each transmission” and “ACK/NACK for aggregated (re)transmission”. It can be seen that ACK/NACK for aggregated (re)transmission can greatly increase transmission opportunities.
[bookmark: _Ref465682756]Table 1 HARQ transmission times for different schemes within 1ms duration( 0.125ms slot).
	
	ACK/NACK for each transmission
	ACK/NACK for aggregated (re)transmission

	7-symbols
	3
	5


Transmission opportunity analysis in TDD
For TDD, transmit opportunity analysis would depend on frame structure, i.e. UL/DL split. One example with 1 DL only slot and 1 DL dominant slot every 0.25ms is provided in Figure 2, the first retransmission always happens while aggregated retransmissions are triggered by NACK in case the data channel cannot be correctly decoded with the first two transmissions. With ACK/NACK based mechanism, 4 opportunities are available. With the ACK/NACK for aggregated retransmission scheme, 6 transmission opportunities are available. 
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[bookmark: _Ref465679898]Figure 2 Transmission/retransmission with slot aggregation for URLLC in TDD 
Proposal 3: HARQ retransmissions with slot aggregation should be supported for URLLC.
As discussed above, both single transmission and HARQ retransmission should be supported for URLLC since they are suitable for different cases and scenarios. Therefore, there is a need to switch between single transmission and HARQ retransmission. Both semi-static and dynamic switching can be considered. 
[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: Single shot transmission with and without slot aggregation should be supported for URLLC.
Proposal 2: DL HARQ should be supported to improve the resource efficiency for URLLC.
Proposal 3: HARQ retransmissions with slot aggregation should be supported for URLLC.
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