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Discussion and decision
1 Introduction
RAN1 has discussed how to support multiplexing of eMBB (i.e., long transmission duration) and URLLC (i.e., short transmission duration) in DL. In RAN1#89, it was agreed that preemption indication is not included in DCI for retransmission with the following agreement. 
	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.


Also, it was agreed to support group common DCI for DL preemption indication in RAN1#NR-2 with the following details. 

	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 discusses indication mechanisms for pre-empted DL resources and how/where/when the indication is transmitted to a UE. 

2 Discussions 
2.1  Time granularity of preemption indication
The first issue is how to design time granularity of preemption indication. By the agreements in last RAN1 meeting, network can configure the granularity of preemption indication in time domain with FFS on details of the granularity. There are two kinds of methods indicating time granularity of preemption indication. 

· Alt. 1: Slot indication and symbol indication within indicated slot
· Alt. 2: Bitmap indication within configured time period 
In case of Alt. 1, gNB can indicate preempted time resource with slot and symbol units jointly where group common DCI including preemption indication would be transmitted once per multiple slots. So, the field of time granularity for preemption indication may consist of two fields having slot unit and symbol unit, respectively. This is a hierarchical way to indicate preempted time resource because gNB can indicate preempted time resource roughly using slot unit and with finer granularity using symbol unit. Preemption indication does not need to include slot unit when gNB transmits group common DCI including the indication in every slot. 

In case of Alt. 2, preempted time resources are indicated by using bitmap with granularity of a number of symbols. The number of bits can be determined, for example, based on the configured preemption indication transmission periodicity and the number of symbols being covered by one bit. 
Alt. 1 can indicate a preempted time resource with smaller number of bits than Alt. 2 when the period of the group common DCI including preemption indication is larger than one slot. For example, Alt. 1 needs around 10 bits (3 bits for slots indication and 7 bits for symbol indication with 2 symbols granularity) under the assumption that the preemption indication is transmitted every 8 slots and each slot has 14 symbols while Alt. 2 needs about 56 bits. On the other hand, with Alt. 1 it may be difficult to indicate multiple pre-empted time resources while this is possible with Alt. 2. However, if multiple sets of symbols in a slot are pre-empted, it can be acceptable to indicate the whole slot as pre-empted through a corresponding state. Some symbols, such as ones with PDCCH transmissions, can be excluded to reduce signalling overhead because they are not associated with data transmissions. 

Proposal 1: Preemption indication supports Alt. 1 for time granularity
2.2  Frequency granularity of preemption indication
The second issue is how to design frequency granularity of preemption indication. In different with indicating preempted time resource, indicating preempted frequency resources should be more carefully designed with consideration of the trade-off between performance enhancement and large overhead. 
Before considering the granularity of preemption indication, the preemption indication characteristics need to be considered. URLLC is introduced as one of big use cases for preemption indication and URLLC is primarily intended for time-sensitive services with high reliability. From this aspect, it was agreed that “For DL, URLLC transmission may occur in resources scheduled for ongoing eMBB traffic” in RAN1#87. Accordingly, time granularity should be included for preemption indication. On the other hand, frequency granularity can be considered as an optional feature that does not compromise the indication of time resources for a given signalling overhead. 
From above observations, there are two options for frequency granularity of preemption indication. 

· Alt. 1: No support
· Alt. 2: PRB resource allocation methods based on common PRB indexing 
· Alt. 2-1: Based on LTE DL resource allocation type 0 (i.e., bitmap using RBGs) 
· Alt. 2-2: Based on LTE DL resource allocation type 2 (i.e., consecutive frequency range)
Since it was agreed that preemption indication has a form of group common DCI, frequency granularity/unit/range/indexing of preemption indication has to be commonly designed for at least UEs who detect the same group common DCI including preemption indication if supported. It is still FFS on frequency granularity of preemption indication when UEs have different understanding on PRB indexing. 
If preemption indication includes frequency granularity, there are two approaches for indicating preempted frequency resources.  One approach is based on LTE DL resource allocation type 0 such as bitmap indication (Alt. 2-1). This method has an advantage in terms of supporting multiple locations of preempted frequency resources. If preemption happens discontinuously in frequency domain to provide diversity gain, the method would be helpful to indicate discontinuous preempted frequency resources. However, it may require larger signalling overhead rather than Alt. 2-2. The other method is based on LTE DL resource allocation type 2 such as consecutive frequency range indication (Alt. 2-2). That is, gNB indicates preempted frequency resources with starting frequency location and length of frequency range (or ending frequency location). This method has an advantage of indicating continuous preempted frequency resources as well as having smaller signalling overhead rather than Alt. 2-1. 
Proposal 2: Preemption indication supports to configure one between Alt. 1 and Alt. 2 by UE-specific higher layer signalling for frequency granularity.
Proposal 3: If frequency granularity of preemption indication is configured, it supports Alt. 2-2.
2.3  Timing of preemption indication
The third issue is how to design timing of preemption indication between during eMBB TTI and/or after eMBB TTI. This issue have been discussed a lot over last RAN1 meetings. Based on agreements related preemption indication so far, the next example (as shown in Fig. 1) could be considered as an example of using preemption indication. 
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Figure 1 Operational example of preemption indication

In Figure 1, it is assumed that UE 1 is scheduled to have DL slot aggregation scheduling from slot n to slot n+4 and UE 2 is scheduled to have DL scheduling at slot n+1. In this situation, preemption happens at some symbols within slot n+1 and affects some pre-scheduled resources for both UE 1 and UE 2. At slot n+1, both UEs do not know whether preemption happens or not. Instead, at slot n+4, group common DCI including preemption indication is transmitted to both UEs in configured group common PDCCH. UE 1 can think that the preemption indication happens during scheduled eMBB TTI (i.e., slot n ~ slot n+4). On the other hand, UE 2 can understand that the preemption indication happens after scheduled eMBB TTI (i.e., slot n+1). 
Accordingly, it might be difficult to force to have only one design of preemption indication timing between during eMBB and after eMBB TTI since both group common DCI for preemption indication and DL slot aggregation scheduling were already supported in NR. Nevertheless, it is possible to define one of preemption indication timings by reducing flexibilities on scheduling. For example, if preemption indication is only supported after eMBB TTI, a UE may not expect to receive any group common DCI for preemption indication during the DL scheduling region even though pre-configured group common PDCCH for preemption indication is overlapped with the DL scheduling region in time. It is also possible that a UE may not expect to have DL slot aggregation scheduling which overlaps with a pre-configured group common PDCCH region for preemption indication in time. 
Further, a UE does not change its HARQ timeline regardless of whether or not the UE receives a pre-emption indication during the eMBB TTI and/or after the eMBB TTI. That is, the preemption indication should not affect normal HARQ timeline that was configured by NR-PDCCH.
Proposal 4: Preemption indication should not affect normal HARQ timeline that was configured by PDCCH.
3 Conclusions
In this contribution, design aspects for multiplexing of different transmission lengths (e.g., eMBB and URLLC) were discussed. Based on discussion, some proposal can be summarized as below.
Proposal 1: Preemption indication supports Alt. 1 for time granularity
Proposal 2: Preemption indication supports to configure one between Alt. 1 and Alt. 2 by UE-specific higher layer signalling for frequency granularity.
Proposal 3: If frequency granularity of preemption indication is configured, it supports Alt. 2-2.
Proposal 4: Preemption indication should not affect normal HARQ timeline that was configured by PDCCH.
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