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1 Introduction
RAN1 has discussed how to support multiplexing of eMBB (i.e., long transmission duration) TTI and URLLC (i.e., short transmission duration) TTI in DL. In RAN1#NR-3, followings were agreed for preemption indication design. 
	Agreements:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs

Agreements: 

· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication

· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis

· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC

· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP

· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911
Agreements:

· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between

· Option 1: one slot

· Option 2: less than a slot


This contribution discusses on how to design group common DCI for indicating preempted resources by addressing some issues: reference downlink resource that means resources can be possibly preempted by URLLC, granularity of preempted resource and UE behavior based on when to receive preemption indication or their data.
2 Discussions 
1.1  Time region of reference downlink resource

In last RAN1 meeting, there was a working assumption on relation between time duration of reference downlink resource and periodicity of pre-emption indication as follows.  
	· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication



The above working assumption excludes the situation where a certain part of reference downlink resource can be indicated by two or more preemption indications those are in different time resources. Motivation of allowing the situation is that gNB can use another time resources to deliver preemption information in case that it is not sufficient to transmit group common DCI for preemption indication using a certain time resources. However, this situation happens very rare and group common DCI for preemption indication should be prioritized highly compared to others. Above all, the operation of UE might be quite complexed because UE has to find whether or not a certain part of reference downlink resource is preempted by searching two or more group common DCIs for preemption indication even in different times. Accordingly, the above working assumption should be confirmed to make UE behaviour simple if there are no any critical issues. 
Proposal 1: Confirm RAN1#NR-3 working assumption on preemption indication.
1.2  Frequency region of reference downlink resource

 In different with time resource of reference downlink resource, it remains two options for designing time resource of reference downlink resource as follows. 
	· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC

· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP



The reason why preemption indication has a form of group common DCI is there was a general consensus that URLLC traffic can interrupt resources which already scheduled for multiple other UEs at the same time. If not, preemption indication could be UE-specific DCI. The frequency region of reference downlink resource is possible frequency region where URLLC can interrupt (or URLLC traffic happens). This makes URLLC scheduling restrictions because it can happen that URLLC traffic requires larger frequency region than RRC configured frequency region of reference downlink resource. It is noted that URLLC traffic has characteristics of very unpredictable and urgent that RRC signaling cannot support. 

Even though gNB can schedule URLLC traffic by preempting frequency resources which was not within RRC configured frequency region of reference downlink resource, it makes severe problems to preempted UEs because there is no method to indicate preempted region happened on the outside of RRC configured frequency region of reference downlink resource. Moreover, option 1 seems not a kind of mandatory feature that should support in NR. Therefore, it should be supported that the frequency region of the reference downlink resource is implicitly derived by the active DL BWP that it does not require specification effort. 
Proposal 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP. 
1.3  Time granularity for 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. 

· Alt. 1: slot index (if time region of reference downlink resource is larger than one slot) + bitmap (or symbol(s) index) within indicated slot.
· Alt. 2: bitmap indication within configured time period regardless of the preemption indication period.
In case of Alt. 1, gNB can indicate preempted time resource with slot and symbol (group) 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. It is noticed that preemption indication does not need to include slot unit when the preemption indication period is less than or equal to one 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. The minimum granularity of time resource can be one or two symbols.  
Proposal 3: Preemption indication supports that slot index (if time region of reference downlink resource is larger than one slot) and bitmap (or symbol(s) index) within indicated slot for time granularity of preemption indication. 
1.4  Frequency granularity for preemption indication
In similar with designing frequency resource of reference downlink resource, it is basically sufficient that preemption indication has a field of indicating preempted time resources without indicating preempted frequency resource. Therefore, the minimum granularity of frequency resource should be active DL BWP. 
1.5  HARQ based on 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 Example of indicating preempted resource
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.
1.6  Remaining issues for preemption indication

Different numerologies of preemption indication and preempted PDSCH


One of issues to consider further for preemption indication is that there may be different between numerology used for preemption indication and numerology used for preempted PDSCH, especially in case of different subcarrier spacings. In this case, it should define UE behaviour when UE receives PDSCH and preemption indication that are different subcarrier spacings. 
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Figure 2 Resource grids for different subcarrier spacings


Fig. 2 shows an example for explaining above issue under the assumption that both resource grids absolutely share the same time and frequency regions. One example is that a UE is scheduled to receive PDSCH including B and C (as shown in left side of Fig. 2) based on 15 kHz based resource grid. The UE also knows that A was preempted (as shown in right side of Fig. 2) after receiving preemption indication based on 30 kHz based resource grid. The other example is that a UE is schedule to receive PDSCH including X and Y (as shown in right side of Fig. 2) based on 30 kHz based resource grid. The UE also knows the D was preempted (as shown in left side of Fig. 2) after receiving preemption indication based on 15 kHz based resource grid. For both examples, it is evident for the UE to assume that the region (indicated by preemption indication) is preempted even though a portion of region is actually preempted. Accordingly, the UE should assume that B and C (or X and Y) are preempted because each resource grid is the minimum granularity for resource allocation. 
Proposal 5: It defines UE behaviour to handle when preemption indication and actual preempted PDSCH have different subcarrier spacings. 

Preemption indication monitoring

Preemption indication itself depends on PDSCH scheduling. In other words, UE don’t need to monitor every configured group common DCI for preemption indications when UE was not scheduled to have PDSCH within possible preempted region which can be provided by preemption indication. Moreover, in TDD case, it may be possible that configured slots for preemption indication can consist of all of UL-centric or UL-only slot format. For example, preemption indication covers the time region of previous 3 consecutive slots and then the all 3 slots can be used for UL in some cases. In that case, UE don’t need to monitor preemption indication because preemption event is only happened in DL case. 

It is noticed that there is no agreements about preempting CSI-RS or other RSs so far. The following is the first agreement for preemption indication. 
	RAN1#87 Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic



If it is agreed that CSI-RS or other RSs also can be preempted by URLLC traffic, UE is not required to monitor DL preemption indication for a slot in which PDSCH or CSI-RS is not scheduled. 
Proposal 6: UE is not required to monitor DL preemption indication for a slot in which PDSCH (FFS: CSI-RS) is not scheduled.
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: Confirm RAN1#NR-3 working assumption on preemption indication.
Proposal 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP.
Proposal 3: Preemption indication supports that slot index (if time region of reference downlink resource is larger than one slot) and bitmap (or symbol(s) index) within indicated slot for time granularity of preemption indication.
Proposal 4: Preemption indication should not affect normal HARQ timeline that was configured by PDCCH.
Proposal 5: It defines UE behaviour to handle when preemption indication and actual preempted PDSCH have different subcarrier spacings.
Proposal 6: UE is not required to monitor DL preemption indication for a slot in which PDSCH (FFS: CSI-RS) is not scheduled.
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