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Introduction
In RAN1 89 Meeting [1], the following was agreed for CBG based transmission:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.

Additionally, in RAN1 88b Meeting [2], the following was agreed:
· 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.

In our previous contribution [3], we discussed details regarding CBG-based transmission/retransmissions, single and multi-bit HARQ feedback, and pre-emption indication. In this contribution we discuss additional details regarding UE HARQ feedback and the impact of timing of CBG-based (re)transmission on UE HARQ feedback.
CBG based transmissions
With CBG based transmission, the gNB can schedule for retransmission the set of CBGs that were previously pre-empted by low latency traffic. The gNB will indicate to the UE, the set of resources and/or the set of CBGs impacted by the pre-emption, which the UE can then use to aid in determining soft buffer/HARQ combining behavior. In addition to indicating the set of impacted CBGs, the timing of the CBG retransmission will also have an impact on UE HARQ behaviour. 
UE HARQ feedback timing
Since the gNB will indicate to the UE the set of time-frequency (T-F) resources and/or the set of CBGs impacted by the pre-emption, the UE could then utilize this information as a facilitator to provide early HARQ feedback. For example, if the location of the pre-empted resources occurs early in the scheduled slot (such as one of the first few symbols), and the UE has information regarding the location of frequency resources that are likely to be utilized in order to accommodate the low latency traffic, the UE may provide early HARQ feedback based on the decoding result for the frequency resources in these symbols as long as this does not place undue constraints on UE processing times. In order to facilitate such a scenario, the gNB would need to provide the UE with additional timing and/or resource location information, thereby enabling the UE to send an early HARQ feedback message. The gNB could provide this information dynamically as part of the pre-emption indication signaling.  
Proposal 1: NR should support early HARQ feedback for UEs affected by low latency traffic pre-emption.
Pre-emptive CBG based transmission with indication
In addition to early HARQ feedback, another mechanism to facilitate demodulation and decoding at the affected UEs is to consider a proactive retransmission of the affected CBGs. 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 using a 1-bit Flag (which can be sent along with the pre-emption indication), or in the DCI that accompanies this subsequent transmission. 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.
From the UEs perspective, it needs to decide between how to provide a HARQ feedback response for both the initial transmission as well as the subsequent transmission. On one hand, providing a single HARQ feedback response based on the result of HARQ combining of both transmissions can result in lower HARQ feedback overhead, whereas providing two separate HARQ responses could provide improved HARQ detection robustness. 
If providing a single HARQ response, it would be best to base the HARQ response on the detection result of both transmissions, i.e., by HARQ combining these transmissions. It would be preferable from the UEs perspective to have this response follow the timing of the second transmission, as having it follow the timeline of the first transmission might be difficult from a UE processing delay perspective. However, such an approach could result in a delayed HARQ response, as well as possibly reduced robustness of ACK/NACK detection. Given these factors, we propose that in the case of a proactive CBG transmission by the gNB, the UE should respond with two HARQ responses, one based on the initial transmission, and the second based on the HARQ combined result of these two transmissions.               
Proposal 2: In the event of CBG based transmission with indication for UEs affected by low latency traffic, UE should respond with two HARQ responses.

Summary
In this contribution we discussed additional details regarding UE HARQ behaviour and the impact of timing of CBG-based (re)transmission on UE HARQ feedback. Based on our discussion we propose the following:
Proposal 1: NR should support early HARQ feedback for UEs affected by low latency traffic pre-emption.
Proposal 2: In the event of CBG based transmission with indication for UEs affected by low latency traffic, UE should respond with two HARQ responses.
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