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Introduction
In RAN1 88bis Meeting [1], the following was agreed for URLLC:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Additionally, in RAN1 88 Meeting [2], the following was agreed:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

In this contribution we discuss HARQ related design improvements when considering the impact of low latency traffic on existing traffic. In particular, we address details regarding CBG-based transmission/retransmissions, single and multi-bit HARQ feedback, and impact of pre-emption indication on HARQ design. 
CBG based transmissions
With CBG based transmission, there is a trade-off between CBG size and the number of feedback bits. As seen from the agreements above, the CBG granularity can range from as small as a single CB, or on the other extreme can be the entire TB (all the CBs). The first option provides the maximum flexibility in that the UE can specifically request that the gNB only send those CBs that it failed to decode, minimizing PDSCH resource usage, at the cost of high feedback overhead, whereas requesting retransmission of the entire TB minimizes feedback resource usage at the cost of higher resource usage of PDSCH resources. For the case where pre-emption affects several (large number of) CBs in the TB, it may be inefficient to employ a multi-bit HARQ feedback scheme where each bit provides CB level granularity. Similarly, for the scenario where pre-emption affects only a few CBs (for e.g., when the low latency traffic in infrequent and/or lightly loaded), utilizing CBG level multi-bit feedback would possibly result in a large number of redundant CB (re)transmissions.   
Based on the above discussion it would beneficial to allow gNB to dynamically (re)configure CBG granularity as it applies to multi-bit HARQ feedback.
Proposal 1: NR should support dynamic reconfiguration of CB/CBG granularity for multi-bit HARQ feedback.  
Early HARQ feedback
Since the indication of low latency transmissions pre-empting existing (e.g., eMBB) traffic can be dynamically signalled to a UE whose downlink resources have been partially pre-empted, this information can then be used by the UE to facilitate demodulation. One manner of utilizing this information is as a facilitator to provide early HARQ feedback. For example, if the UE knows the resource or group of resources that are pre-empted, it could attempt to first decode the CB/CBGs in those resources, basing its HARQ feedback decision on the result of this decoding attempt. Effectively, the UE can use this mechanism to request retransmission of affected CBs/CBGs before even attempting to decode the entire TB or group of TBs, potentially improving HARQ feedback latency. 
Proposal 2: NR should support early HARQ feedback for UEs affected by low latency traffic pre-emption.
CBG based retransmission with indication
In addition to early HARQ feedback, another mechanism to facilitate demodulation and decoding at the affected UEs is to allow for a CBG based retransmission with indication when a UE is affected by pre-emption of resources that were originally assigned to it. The gNB can choose to utilize a secondary transmission for those CB/CBGs affected by the pre-emption, and can do this proactively, i.e., without waiting for the UEs HARQ feedback. The gNB can let the UE know, by way of a 1-bit Flag (which can be sent along with the pre-emption indication), that it is going to be immediately sending a retransmission of the CB/CBGs affected by the pre-emption. The UE can then use this additional retransmission to help decode the CB/CBGs in case the original transmission fails. This can then help to reduce latency, since gNB does not have to wait for UE’s HARQ feedback before retransmitting the affected CB/CBGs.
Proposal 3: NR should support CBG based retransmission with indication for UEs affected by low latency traffic.

Summary
In this contribution we discussed HARQ related design improvements when considering the impact of low latency traffic on existing traffic. Based on our discussion we propose the following:
Proposal 1: NR should support dynamic reconfiguration of CB/CBG granularity for multi-bit HARQ feedback.  
Proposal 2: NR should support early HARQ feedback for UEs affected by low latency traffic pre-emption.
Proposal 3: NR should support CBG based retransmission for UEs affected by low latency traffic.
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