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Introduction
NR specification shall support the multiplexing of services with latency requirements such as eMBB and URLLC. Two agreed features to facilitate efficient multiplexing of these services include code block group (CBG) based HARQ operation, and pre-emption indication. For the latter feature it was agreed that an indication may be provided to a UE when part of its scheduled resources have been pre-empted by a different transmission. After much discussion at the RAN1 #89 meeting it was agreed to separately configure these two features resulting in the following agreement [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.

This contribution treats the outstanding issues for DL pre-emption indication per the FFS points from the RAN1 #89 agreement.

Discussion
In order to meet a latency target, a newly arriving DL data packet for a second UE may be scheduled within physical resources already assigned to a first UE, i.e. the first transmission is punctured. The punctured physical resources will be at the OFDM symbol level and affect one or more CBs of the first UE’s transmission. As agreed, a UE may be configured to monitor for DL signaling informing the UE about which DL physical resources of a scheduled transmission have been pre-empted by a different transmission. Given the agreement that pre-emption indication is transmitted on the PDCCH, the outstanding issues include: what kind of DCI format to use, the granularity of the resource indication, and the timing of the indication with respect to the pre-empted data transmission. 
It should also be noted from the agreements that though DL CBG-based (re)transmission and pre-emption indication are not necessarily mutually exclusive (indeed they are complementary), they may still be independently configured. Therefore, the granularity of the pre-emption indication should be investigated without taking into account CBG-based operation. Details of CBG-based operation are covered in other contributions [2], [3].

DCI format
As the pre-emption indication is not transmitted in a DCI scheduling a retransmission of a pre-empted transmission it could be wasteful of the PDCCH capacity to additionally transmit a dedicated PDCCH solely for pre-emption indication. A more efficient signaling scheme would be in a group common PDCCH, which would indicate the impacted physical resources in a time duration such as a slot. A UE may be configured to monitor for a group-common PDCCH which is addressed with a group-common RNTI. 
Proposal 1: a UE may be configured to monitor for a group-common DCI format containing a pre-emption indication.

Granularity
The granularity of the indication could consider both time and frequency domain as it provides the most precise location of impacted physical resources. However, this would not be efficient if puncturing occurs at non-contiguous time domain locations within a slot and/or affects multiple DL assignments. One simple solution is a bitmap with length equal to the number of valid DL symbols in the slot. For a UE that was scheduled in a slot that is pointed to by a received pre-emption indication PDCCH, the UE can make use of this information to improve the likelihood of successfully decoding a pre-empted data transmission in the indicated slot. For instance, the UE may flush the soft buffer of corrupted resources corresponding to punctured data. A reduction in the number of bits can also be considered by grouping symbols into units that are roughly aligned with the scheduling units used for the pre-empting (or aggressor) transmission.

Proposal 2: the pre-emption indication contained in a PDCCH indicates pre-empted symbols or symbol groups in a slot.

Timing
The timing of the pre-emption indication has been discussed at the past two RAN1 meetings. It was argued that if the pre-emption indication is sent before decoding a punctured transmission, the UE may set the LLR bits to zero (i.e. equally likely probabilities of ‘0’ or ‘1’) and increase the chances of successful decoding. Performance results in e.g. [4] validate this scheme, where it is shown that significant degradation occurs for low MCS, when one or two CBs are contained in the TB. One reason for the degradation shown in [4] is that the coding gain more than compensates for the performance loss incurred by not performing an a posteriori soft detection of the punctured bits. On the other hand, this observation may not hold true for a more typical eMBB scenario using a higher MCS or equivalently a higher coding rate. In this case the coding gain may not compensate for the performance loss of assuming equally likely bit values. 
A proposed solution for early explicit or implicit pre-emption indication is that a UE is configured to monitor for the pre-emption indication before the HARQ-ACK feedback timing of the punctured transmission. The rationale for this proposal is that the UE could delay decoding of a transmission until the pre-emption indication is received. We consider a simple scenario to investigate the feasibility of this approach. Figure 1 depicts an example scenario where the third symbol of a PDSCH transmission in slot n is punctured by a second transmission of shorter duration. The PDCCH scheduling the first transmission is the first symbol of the slot while the PDSCH DMRS is mapped to the second symbol (i.e. the first PDSCH symbol) to facilitate pipelined processing at the receiver. An idealized timeline for per-symbol pipelined processing is also shown in Figure 1. Even with this most optimistic processing timeline, which may not be possible all UEs, it can be seen that the processing of the third PDSCH symbol is long finished before a pre-emption indication PDCCH can be received in the next slot. 
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[bookmark: _Ref480890841]Figure 1 Illustration of pipelined processing at victim UE where the third PDSCH symbol is punctured by a different transmission

Secondly, the gNB may not be able to schedule the pre-emption indication in the next slot based on the scheduler implementation of DL data queues and the PDCCH capacity. Moreover, this is not possible when HARQ-ACK feedback is scheduled for the same slot as the associated DL HARQ transmission (self-contained HARQ operation). As for other DL timing relationships the gNB should not be mandated to transmit pre-emption indication at some fixed timing with respect to a pre-empted DL transmission. A UE may be configured to monitor for a PDCCH containing a pre-emption indication for a previous slot containing DL data transmission. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication

Proposal 3: A UE may be configured to monitor for a PDCCH containing a pre-emption indication in a subsequent slot following a DL data transmission. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication.

Conclusion
This contribution discussed outstanding signaling details of pre-emption indication for multiplexing DL data transmissions of different time scales. The proposals are as follows:
· Proposal 1: a UE may be configured to monitor for a group-common DCI format containing a pre-emption indication.
· Proposal 2: the pre-emption indication contained in a PDCCH indicates pre-empted symbols or symbol groups in a slot.
· Proposal 3: A UE may be configured to monitor for a PDCCH containing a pre-emption indication in a subsequent slot following a DL data transmission. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication.
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