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1. Introduction 

In RAN1 NR Ad-Hoc #2 meeting, following agreements about DL pre-emption indication were achieved [1]: 

· 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
In this contribution, we discuss the remaining issues and share our view on pre-emption indication for downlink.
2. Pre-emption indication for downlink
· Preemption indication in group common DCI
It was agreed that preemption indication is transmitted by a group common DCI in PDCCH. There are different purposes of group common DCI, such as carrying indication of SFI. Note that the design of group common PDCCH is under discussion. If more than one group common DCI formats are defined, group common DCI carrying preemption indication can be different to that carrying SFI since they would require different monitoring periodicities and positions. Given that a different payload size for the DCI carrying preemption indication may increase the number of blind decoding, the payload size of DCI with preemption indication should be aligned with the other common DCI formats, RNTIs can be used to differentiate different group common DCIs. 
Proposal 1:

· If more than on group common DCI formats are defined, preemption indication in group common DCI is transmitted separately from SFI.
· The payload size of DCI with preemption indication is aligned with other common DCI formats but use different RNTIs.
· Granularity of preemption indication

Given the high priority of URLLC data transmissions, one or multiple resources of eMBB data transmissions may be preempted. Note that the preemption can also be from multiple URLLC data transmission. Therefore, flexible indication for the preempted resources in time-domain and frequency-domain should be considered. 

Time-domain indication 


[image: image1.emf]UE1 with 

eMBB 

service

UE2  

UE3 

t

f

Mini-slot3 

Mini-slot1 

Mini-slot2 

Symbol 

5 6 7 8


Figure 1. Example of preemption for eMBB data

For an eMBB UE, the time domain resources for a data transmission are indicated by the scheduling grant, which includes time domain allocation and duration of data transmission. During the data transmission of eMBB UE on the scheduled resources, one or more mini-slots or symbols may be preempted by the URLLC transmission. It was agreed that the granularity of preemption indication in time domain is configurable. There are two different options for the granularity of time domain indication. It should be interpreted that the slot or symbol level granularity are defined from eMBB UE perspective using eMBB numerology and slot length, if eMBB and URLLC are using different numerology or slot length. 
· Opt.1: Slot-level indication
· Opt. 2: Symbol-level indication
For slot-level indication, an eMBB UE who receives a preemption indication interprets its own data transmission in the indicated slot is preempted by URLLC data transmission. However, UE does not know which part of its data transmission is preempted. Therefore, an eMBB UE receiving slot-level preemption indication does not have the useful information on the data re-decoding or HARQ combining. The slot-level indication is beneficial for reducing the signaling overhead for preemption indication. However, the whole TB of this eMBB UE may need to be retransmitted, which results in low resource utilization, especially when the eMBB data are transmitted in CBG-based manner. For symbol-level indication, it is very flexible to indicate the which part of the resources of eMBB data transmissions are preempted. A UE receiving the preemption indication is aware of which part of its data transmission is preempted. Thus, UE can perform appropriate processing for the preempted data parts, e.g. re-decoding the received data or flushing the preempted data in the soft-buffer. Besides, gNB may only need to retransmit the preempted parts according UE’s feedback. However, signaling overhead of symbol-level indication is larger than that of slot-level indication. To reduce the signaling overhead, symbol bundling, e.g. mini-slot, for preemption indication can be considered.
Proposal 2:

· The preemption indication can be in mini-slot or symbol level.

Frequency-domain indication 

In general, URLLC data transmission occupies a wider frequency bandwidth to enable shorter length of data transmission in time. If only time domain indication is transmitted, UEs receiving preemption indication interpret their allocated frequency resources are preempted by URLLC transmissions. For the eMBB UEs whose partial frequency resources are preempted, it is not efficient only indicating the time-domain preemption. Frequency domain indication is beneficial for avoiding the redundant retransmission for the non-preempted data parts. Frequency information with a finer granularity can require the fewer retransmission resources. The larger RBG size can be considered to reduce signaling overhead.
Proposal 3:

· Frequency-domain preemption indication is supported. 
· Granularity of preemption indication in frequency domain can be configurable. The larger RBG size can be considered to reduce signaling overhead.
· Transmission timing of preemption indication
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Figure 2. Example of transmission timing of preemption indication
A preemption indication is carried in a group common DCI according to the timing of group common PDCCH monitoring. With respect to the eMBB data transmission, there are two different options for the transmission timing of preemption indication.

· Option 1: In current slot during the eMBB data transmission

· Option 2: In the subsequent slot after the eMBB data transmission

In the case of preemption indication in the current slot, UE needs to monitor the preemption indication in the group common PDCCH during the data reception using a mini-slot or symbol level PDCCH monitoring, which increase the UE power consumption. A preemption indication transmitted in current slot can be used by the UE for data re-decoding, given that there is still sufficient PDSCH processing time. The earlier indication is transmitted, the more sufficient processing time for data before HARQ-ACK. 
In the case of preemption indication in the subsequent slot, UE needs to monitor the preemption indication in the group common PDCCH after the data reception, using a slot or mini-slot or symbol level PDCCH monitoring. In case of slot level PDCCH monitoring, the UE power consumption would not be increased. If a preemption indication is detected, there is shorter processing time available for the data before A/N feedback. Keep in mind that the minimum processing time of UE for reception is related to UE capability. As shown in the Fig. 2, the minimum processing time of UE is expressed as N1. For example, an eMBB data transmission is scheduled in slot n and the corresponding A/N timing is slot n+k, while preemption occurs in slot n. gNB transmits a preemption indication in slot n+k-x, where x depends on UE minimum processing time, N1. If there is sufficient processing time before A/N feedback timing when a preemption indication in group common DCI is detected, UE can discard the preempted part of data and re-decode the received data then generate the HARQ-ACK based on the re-decoding. On the other hand, if there is no sufficient time before A/N feedback when preemption indication is detected, UE would not do the data re-decoding but flush the preempted part of data in the soft buffer. 
Proposal 4:
· For a PDSCH transmitted in slot n and is preempted, the UE behavior is dependent on the timing of preemption indication and the UE processing time.

· If there is sufficient processing time between a preemption indication and the HARQ-ACK feedback timing regarding PDSCH in slot n, UE can discard the preempted part of data and re-decode the PDSCH in slot n before generating HARQ-ACK. 
· If there is no sufficient processing time between a preemption indication and the HARQ-ACK feedback timing regarding PDSCH in slot n, UE would not re-decode the PDSCH in slot n but flush the preempted part of data in the soft buffer

3. Conclusion

In this document, we discuss pre-emption indication for downlink with the following proposals:
Proposal 1:

· If more than on group common DCI formats are defined, preemption indication in group common DCI is transmitted separately from SFI.
· The payload size of DCI with preemption indication is aligned with other common DCI formats but use different RNTIs.
Proposal 2:

· The preemption indication can be in mini-slot or symbol level.

Proposal 3:

· Frequency-domain preemption indication is supported. 

· Granularity of preemption indication in frequency domain can be configurable. The larger RBG size can be considered to reduce signaling overhead.
Proposal 4:
· For a PDSCH transmitted in slot n and is preempted, the UE behavior is dependent on the timing of preemption indication and the UE processing time.

· If there is sufficient processing time between a preemption indication and the HARQ-ACK feedback timing regarding PDSCH in slot n, UE can discard the preempted part of data and re-decode the PDSCH in slot n before generating HARQ-ACK. 
· If there is no sufficient processing time between a preemption indication and the HARQ-ACK feedback timing regarding PDSCH in slot n, UE would not re-decode the PDSCH in slot n but flus the preempted part of data in the soft buffer
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