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1 Introduction
In study item phase of New Radio (NR), many features on multiplexing between different transmission durations was discussed. In RAN1 #89 meeting, indication of pre-empted resources was agreed as follows [1]:
	Agreements:
· 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.


In addition, in the last RAN1-NR#2 meeting, the following agreement was also agreed [2].
	Agreements:
· For downlink preemption indication

· It is transmitted using a group common DCI in PDCCH

· FFS: This group common DCI is transmitted separately from SFI

· Whether a UE needs to monitor preemption indication is configured by RRC signaling

· The granularity of preemption indication in time domain can be configured 

· Details of granularity are FFS


This contribution considers aspects related to the indication after HARQ-ACK feedback for impacted resources by pre-emption in the downlink.
2 Discussions 
In this section, preemption-based multiplexing between different transmission durations is briefly described and signalling design for indicating pre-empted resources is discussed.
2.1 Preemption-based multiplexing for different transmission durations
Preemption-based multiplexing between different transmission durations was dealt with in previous RAN1 meetings for dynamic resource sharing between them. As described in [3], when data traffic with short transmission duration (e.g., URLLC) is occurred during another data traffic with long transmission duration (e.g., eMBB), preemption-based multiplexing scheme allows puncturing of data symbols having long transmission duration in the overlapped resource region with data having short duration as shown in Figure 1. As evaluated in [4] and [5], if a UE having long transmission duration is not aware of its pre-emption information, performance of the UE can be drastically degraded due to wrong received signals incurred by another transmission. Therefore, in RAN1#89 meeting, it was agreed that for DL, NR supports indication of impacted region using DCI scheduling CBG-based (re)transmission. 
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Figure 1: Example of preemption-based multiplexing between different transmission durations.
2.2 Signaling design for indicating pre-empted resources
Preemption indication for CBG-based (re)transmission

From the perspective of indication overhead and potential decoding burden to the UE(s) receiving this indication, it is desirable that the indication has fixed length of bit field in the DCI. The length of bit field can be semi-statically configured by gNB.
For the fixed length of bit field, there are two alternatives.

· Alt.1 : The length of bit field is the same with the maximum number of CBGs configured by gNB.

· Alt.2 : The length of bit field is independently determined from the maximum number of CBGs configured by gNB.
For Alt.1, it provides simple indication to let the UE knows the length of bit field together with maximum number of CBGs. However, if the maximum number of CBGs is configured as small number, the granularity of pre-emption indication can be too coarse accordingly. Potentially, this can cause performance impact to the UEs whose resources are pre-empted by other transmission.
For Alt. 2, the length of bit field can be determined and indicated independently from the maximum number of CGBs to minimize performance impact due to pre-emption. But, this may introduce additional control overhead to let the UE knows the length of bit field semi-statically. One way to remove signalling overhead is to define a mapping rule between the length of bit field and the maximum number of CBGs.
Proposal 1: Support fixed length of bit field for the pre-emption indication in the DCI scheduling CBG-based retransmission.

Proposal 2:  Discuss the length of bit field for pre-emption indication with Alt 1 and Alt 2.
Then, the next step is to discuss how to define the contents of the indication if fixed length of bit field is supported. For a given number of bits for the indication, if the number of CBGs (not maximum number of CBGs but the number of CBGs which will be transmitted) in a TB is larger than the number of indication bits, anyhow the indication bits can be fully used to indicate the impacted CBGs by pre-emption without wasting any bit as filler bit. However, for the case of that the number of CBGs is smaller than the number of indication bits, there can be remaining indication bit(s) if the granularity of the indication is configured as CBG. Note that this case can always occur when a TB is composed of 1 CBG (not the maximum number of CBGs) and the number of indication bits is configured as more than 1 bit. 
Proposal 3: Discuss how to define the contents of indication bits when the number of CBGs is smaller than the number of indication bits.
Pre-emption indication for TB-based (re)transmission

TB-based (re)transmission can be considered as a special case of CBG-based (re)transmission having the maximum number of CBG configured as 1. Thus, similar proposals with that of CBG-based (re) transmission can be also made as follows.

Proposal 4: For DL TB-based (re)transmission, following information can be configured to be included in the same DCI: Which part/whole of CB(s) is/are handled differently for soft-buffer/HARQ combining.
In this case, if we use 1 bit indication for the pre-emption indication (i.e., TB unit granularity) to have the same length with the maximum number of CBGs, potentially, it may not be helpful to recover the BLER performance of impacted UE using HARQ retransmission with soft combining. Therefore, it also needs to be discussed how to define the indication bits among Alt.1 and Alt. 2.  
3 Conclusions
This contribution considered signaling aspects for the indication of impacted resource regions, and proposes the following.
Proposal 1: Support fixed length of bit field for the pre-emption indication in the DCI scheduling CBG-based retransmission.
Proposal 2:  Discuss the length of bit field for pre-emption indication with Alt 1 and Alt 2.
Proposal 3: Discuss how to define the contents of indication bits when the number of CBGs is smaller than the number of indication bits.
Proposal 4: For DL TB-based (re)transmission, following information can be configured to be included in the same DCI: Which part/whole of CB(s) is/are handled differently for soft-buffer/HARQ combining.
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