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Discussion and decision
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#90bis, followings were agreed for preemption indication design. 
	Agreements:

· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level
Agreements:

· For minimum monitoring periodicity of pre-emption indication:

· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)
Agreements:

· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled

· UE is not required to monitor preemption indication in DRX slots

· UE is not required to monitor preemption indication for the deactivated DL BWP
· Note: not necessarily all of the above bullets will have spec impacts
Agreements:

·    The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 
Agreements:

· No concensus to introduce an explicit RRC configuration for frequency region of the reference downlink resource for pre-emption indication in Rel-15
· (working assumption) the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP
Agreements:

· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource

· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)

· There is no RRC configuration involved in determining the frequency or time-domain parts

· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}

· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE


This contribution discusses remaining issues for preemption indication with followings: how to decide DCI size for preemption indication, how to configure monitoring period and how to define UE behaviour and so on. 
2 
Discussions 
1.1 DCI size 

Generally, DCI size for preemption indication should consider how much payload size would be used for preemption indication and it might be better to make DCI size as small as possible by including key features in the DCI. However, the most important thing to consider is the number of UE blind decoding. It would be large overhead and power consumption for UE to decode blindly if there are many kinds of DCI size to be configured to monitor at the same time. So, it is needed to reduce blind decoding assumptions as much as possible by making the same DCI size between different features. That is, DCI size for preemption indication should be the same with that for SFI, and then they can be separated by different RNTI. This is because SFI is another kinds of group common DCI which can be transmitted in group common PDCCH. In terms of UE implementation, it can reduce UE blind decoding assumptions by just using different RNTIs (e.g., SFI-RNTI for slot format indication and INT-RNTI for preemption indication) if they have the same DCI size. Moreover, DCI for preemption indication should be the same size with the DCI for fallback mode which is used for RRC reconfiguration period to minimize UE power consumption. 
Proposal 1: DCI size for preemption indication should be the same with DCI size for fallback mode and/or SFI to reduce UE blind decoding assumptions. 
1.2 Monitoring period

Regarding monitoring period, group common DCI for preemption indication can be configured to monitor every slot as the minimum unit and also have every 2 or more slots. However, if preemption indication has a similar SFI monitoring periodicity of 1, 2, 5, 10, 20 slots, it would not be efficient for UE to monitor group common DCI for preemption indication, especially, every 10 or 20 slots because some UEs may receive preemption information after receiving retransmitted packet. Accordingly, even though preemption indication can be delivered to a group of UEs at the same time, it should be guaranteed for those UEs to receive the preemption indication before at least obtaining retransmitted packet from gNB or decoding it for providing usefulness of preemption indication. That is, monitoring period for group common DCI for preemption indication should be limited to small slots. It was not decided yet regarding on maximum duration of K1 that means time difference between slot for PDSCH reception and slot for HARQ-ACK feedback. However, since LTE supports 4 subframes (i.e., 4 ms) and sTTI framework supports 3 subframes (i.e., 3 ms), it is highly expected that NR supports at most 3 slots (3ms at a subcarrier spacing of 15 kHz) as the maximum value of K1. Therefore, preemption indication should have monitoring periodicity of up to 3 slots. 
Proposal 2: Preemption indication should have monitoring periodicity of up to 3 slots
1.3 UE behaviour

In last RAN1 meeting, there was an agreement on HARQ procedure as follows: “The HARQ timeline for a PDSCH transmission is not affected by preemption indication”. It does not need to specify how to handle preemption indication for a UE depending on preemption indication receiving time and preempted resources and so on. This is because it does not provide any benefit of UE performance by defining UE behaviour on whether or not to use preemption indication to report HARQ-ACK. This is up to UE implementation issues. 
1.4 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 3: It should be defined UE behaviour to handle when preemption indication and actual preempted PDSCH have different subcarrier spacings. 
3 Conclusions
In this contribution, remaining details for preemption indication were discussed. Based on discussion, following proposals are summarized as below.

Proposal 1: DCI size for preemption indication should be the same with DCI size for fallback mode and/or SFI to reduce UE blind decoding assumptions. 
Proposal 2: Preemption indication should have monitoring periodicity of up to 3 slots
Proposal 3: It should be defined UE behaviour to handle when preemption indication and actual preempted PDSCH have different subcarrier spacings. 
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