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1. Introduction 
In RAN1 NR Ad-Hoc#2 we agreed the following on pre-emption indicator:

· 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 some issues on using group common DCI that are identified in [1], the FFS in the agreement above and some remaining issues on the pre-emption indicator.
2. Discussion
2.1
Group Common DCI

In the previous meeting, it was FFS whether the Group Common (GC) DCI carrying the pre-emption indicator is transmitted separately from SFI.  The SFI is used to indicate the slot format of the upcoming slot(s) whereas the pre-emption indicator can only be sent after the pre-emption has occurred, i.e. it addresses current or previous slot(s).  The SFI and pre-emption indicator are likely to have different periodicity since SFI is required whenever there is a slot format change, whilst the pre-emption indicator is only transmitted if there is at least one pre-emption.  Therefore, SFI and pre-emption indicators are unlikely to efficiently share a DCI, since it is likely that either the SFI or pre-emption indicator fields would be empty leading to an unnecessarily large DCI size.

Proposal 1: The group common DCI carrying the pre-emption indicator is transmitted separately from SFI

It is unlikely that the entire system bandwidth would support URLLC pre-emption onto eMBB transmissions, but rather only a subset of the system bandwidth would support such pre-emptive transmission and other subsets would support URLLC only or eMBB only transmissions, as suggested by various companies in [2], [3], [4] & [5].  Therefore the GC-DCI refers to only a subset of the system bandwidth.  Similarly in the time domain, the GC-DCI need only refer to a finite period of time.
Observation 1: The GC-DCI carrying the pre-emption indicator refers to a subset of the system bandwidth and a finite period of time.
In [1], it is proposed that a GC-DCI corresponds to a reference resource region where potential pre-emption can occur in a subset of this reference resource region.  This reference region would give a reference point for the resources indicated in the pre-emption indicator.  An example is shown in Figure 1, where two GC-DCIs carrying pre-emption indicators are shown, namely GC-DCI 1 and GC-DCI 2. GC-DCI 1 refers to the region spanning frequency f0 to f1 and time t0 to t1, where the pre-emption indicator indicates any pre-emption within this region.  GC-DCI 2 indicates any pre-emption that occurs within the region spanning frequency f2 to f3 and t0 to t2.  At least in the frequency domain, this reference region should be configurable, e.g. by RRC or if deemed necessarily dynamically by the SFI.  We have no strong preference whether the time domain of the reference region is fixed (e.g. to a slot) or is configurable.
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Figure 1: Reference regions

Proposal 2: The frequency domain of the reference resource region for a GC-DCI carrying the pre-emption indicator is configurable.  FFS whether the time domain is configurable.
In previous discussions three possible locations for the pre-emption indicator were identified: during the pre-emption, at the end of the eMBB TTI and at the beginning of the immediate next slot of the eMBB transmission.  It should be noted that these identified locations were proposed assuming the pre-emption indicator was UE specific.  Since it was agreed that the pre-emption indicator is carried by a GC-DCI, its location is therefore governed by the periodicity and offset of the GC-PDCCH search space and the CORESET.  For example consider the two GC-PDCCH search spaces shown in Figure 2, where GC-PDCCH Search Space 1 has period P1 and offset (1 = 0 symbol (i.e. start of the slot) and GC-PDCCH Search Space 2 has period P2 and offset (2 = 6 symbols (i.e. end of the slot).  For the eMBB transmission between time t3 and t4, if it monitors for the pre-emption indicator in GC-PDCCH Search Space 1 then the location of the pre-emption indicator is at the start of the immediate next slot. Whereas if it monitors for pre-emption indicator in GC-PDCCH Search Space 2, then the location of the pre-emption indicator is at the end of the eMBB TTI.  Similar to PDCCH search spaces, we expect that parameters such as periodicity and offset are configurable for GC-PDCCH.  The minimum periodicity should take into account the UE’s complexity and power consumption in monitoring for the pre-emption indicator.
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Figure 2: Periodicity and offset of GC-PDCCH search space
Observation 2: Since the pre-emption indicator is carried by a GC-DCI, the location of the pre-emption indicator is dependent upon the periodicity and offset of the corresponding GC-PDCCH search space.
Proposal 3: The periodicity and offset of the GC-PDCCH search space carrying the pre-emption indicator are configurable.  The minimum periodicity is FFS.
In Figure 3, two GC-PDCCH search spaces are shown where GC-PDCCH Search Space 1 has period P1 = 2 slots and GC-PDCCH Search Space 2 has period P2 = 1 slot.  GC-DCI carried by GC-PDCCH Search Space 1 has a reference region of 1 slot in the time domain whilst GC-DCI carried by GC-PDCCH Search Space 2 has a reference region of 2 slots in the time domain.  An eMBB transmission employing slot aggregation occurs from time t2 to t4 where two URLLC pre-emptions occurs (shown red in Figure 3).  We can observe two scenarios:

· Scenario 1: The eMBB UE monitors GC-PDCCH Search Space 1.  Here, it needs only to decode one pre-emption indicator (Indicator 1 in Figure 3), but this indicator indicates two pre-emptions.  

· Scenario 2: The eMBB UE monitors GC-PDCCH Search Space 2.  Here, it needs to decode two pre-emption indicators (Indicator 2 and Indicator 3 in Figure 3) where each one indicates a single pre-emption.

Depending on the configuration, the UE may need to monitor multiple pre-emption indicators.  The UE should monitor the GC-DCIs carrying the pre-emption indicators if its eMBB transmission overlaps that GC-DCIs’ reference region.  Also if an indicator addresses a large reference region, it may need to indicate multiple pre-emptions.
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Figure 3: Monitoring of multiple pre-emption indicators
Proposal 4: The UE can be configured to monitor more than one pre-emption indicator during a single eMBB transmission.  The UE monitors any pre-emption indicator whose corresponding GC-DCI reference region overlaps the UE’s eMBB transmission. 
Proposal 5: A pre-emption indicator can indicate more than one pre-emption within the corresponding GC-DCI reference region.

Figure 4 shows a GC-PDCCH carrying the pre-emption indicator with period P1 = 2 slots.  At time t2, two eMBB transmissions were made to two separate UEs where UE1 uses slot aggregation such that the eMBB transmission occupies two slots and UE2’s eMBB transmission occupies only one slot.  For UE1, the pre-emption indicator is transmitted right after the end of its eMBB reception.  However for UE2, the pre-emption indicator arrives after a delay of TD.  If this delay is too long, the UE may not be able to meet its HARQ timeline.  It would be beneficial to clarify the procedure in such a case.  One possible method is to transmit a supplementary pre-emption indicator after the end of UE2’s eMBB transmission so that it has sufficient time to repair its transmission before sending the HARQ feedback.
Observation 3: A delay between the end of an eMBB transmission and start of the indicator may occur, where this delay may lead to the UE not meeting the time HARQ line.
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Figure 4: Delay in transmitting pre-emption indicator
2.2
Pre-emption Indicator Granularity
It is agreed that in time domain the granularity that can be indicated by the UE is configurable.  The granularity should enable the pre-emption indicator to indicate as precisely as possible the exact REs that are impacted.  In the time domain this should be the TTI of the URLLC, which can pre-empt an eMBB OFDM symbol.  Hence the minimum configurable granularity in time domain is an OFDM symbol.
Proposal 6: In the time domain, the minimum configurable granularity is an OFDM symbol of the eMBB transmission.
The simulation performed in [6] shows that the eMBB performance is related to the proportion of puncturing that is applied to individual code blocks with the eMBB TB but not the proportion of puncturing that afflicts the TB as a whole.  It was then proposed that the granularity should be a percentage of the size of a CB.  Since the size of the CB can vary, then it make sense that in the frequency domain, the granularity is also configurable, for example, the granularity is a configurable percentage of the size of the GC-DCI reference region. 
Proposal 7: The granularity in time and frequency domain should be a configurable percentage of the GC-DCI reference region.

2.3
Subsequent Retransmission
In [7], it is proposed that a subsequent retransmission is sent to the UE after the eMBB transmission and before the HARQ ACK feedback, as shown in Figure 7.  We believe this is beneficial especially if it is deemed that the pre-empted resource is too large for the UE to recover the eMBB TB and hence there isn’t any point waiting for a HARQ feedback from the UE.
Observation 4: Subsequent retransmission of pre-empted resources prior to the UE sending HARQ feedback is beneficial especially if the pre-empted resources are too large for the UE to recover the eMBB TB.

[image: image5]
Figure 7: Subsequent retransmission

In order to support subsequent retransmission, the following should be considered:

· The gNB may not be able to schedule a retransmission immediately after the eMBB transmission, i.e. referring to Figure 7, the gNB may have already committed PDSCH and / or PDCCH resources for Slot n+1 and hence be unable to schedule the UE until Slot n+2.  Hence flexibility should be given to the scheduler as to where it can schedule the subsequent retransmission.
· The eMBB UE may not monitor every single slot for PDCCH but rather may be configured to monitor PDCCH periodically especially if it is being configured with DRX.  For example the UE may be in DRX between Slot n+1 till Slot n+4 and only monitor for PDCCH in Slot n+5 and hence may not monitor for PDCCH for a subsequent retransmission.

· The DCI format for the subsequent retransmission may be different to that of regular DL grants and so the UE would need to blind decode for a different DCI format.
Hence, the UE should be made aware of a potential subsequent retransmission and the time period in which this subsequent retransmission may occur.  If the gNB decides not to transmit a subsequent retransmission then the UE should also be made aware of it.  One straightforward way is to indicate in the pre-emption indicator that the UE should monitor for a subsequent retransmission after the eMBB transmission and before the original HARQ feedback time.
Proposal 8: If subsequent retransmission is supported, the pre-emption indicator should also indicate whether the UE should monitor for a subsequent retransmission after the eMBB transmission and before the UE sends the HARQ feedback. 
In [8], it is proposed that the pre-emption indicator would also indicate a delay in transmitting the HARQ feedback.  The rationale for this is that the UE needs to redo the decoding process again.  This is not necessarily required especially if CB based transmission is used where the UE can decode each CB as it arrives and the pre-emption indicator would only affect the CBs that are pre-empted by another downlink transmission (e.g. URLLC), if the pre-emption indicator is within the eMBB TTI. The extra time required to decode / re-decode a few CBs is not likely to be significant in the context of the overall capability of the eMBB UE.   However, if subsequent retransmission is scheduled then the HARQ timeline may be affected and here it makes sense to delay the HARQ feedback.  Since it was agreed that the HARQ feedback time is flexible, the DCI scheduling the subsequent retransmission can indicate a new HARQ feedback time which would override the original HARQ feedback time.

Proposal 9: If subsequent retransmission is scheduled, the DCI scheduling the subsequent retransmission would indicate a new resource (time and frequency) for the HARQ feedback that overrides the resources for the original HARQ feedback.
3.   Conclusion

In this contribution we discuss remaining aspects of using pre-emption indicator for DL multiplexing of eMBB and URLLC.  We observe the following:
Observation 1: The GC-DCI carrying the pre-emption indicator refers to a subset of the system bandwidth and a finite period of time.
Observation 2: Since the pre-emption indicator is carried by a GC-DCI, the location of the pre-emption indicator is dependent upon the periodicity and offset of the corresponding GC-PDCCH search space.
Observation 3: A delay between the end of an eMBB transmission and start of the indicator may occur, where this delay may lead to the UE not meeting the time HARQ line.

Observation 4: Subsequent retransmission of pre-empted resources prior to the UE sending HARQ feedback is beneficial especially if the pre-empted resources are too large for the UE to recover the eMBB TB.
We propose the following:

Proposal 1: The group common DCI carrying the pre-emption indicator is transmitted separately from SFI.

Proposal 2: The frequency domain of the reference resource region for a GC-DCI carrying the pre-emption indicator is configurable.  FFS whether the time domain is configurable.

Proposal 3: The periodicity and offset of the GC-PDCCH search space carrying the pre-emption indicator are configurable.  The minimum periodicity is FFS.
Proposal 4: The UE can be configured to monitor more than one pre-emption indicator during a single eMBB transmission.  The UE monitors any pre-emption indicator whose corresponding GC-DCI reference region overlaps the UE’s eMBB transmission. 
Proposal 5: A pre-emption indicator can indicate more than one pre-emption within the corresponding GC-DCI reference region.

Proposal 6: In the time domain, the minimum configurable granularity is an OFDM symbol of the eMBB transmission.
Proposal 7: The granularity in time and frequency domain should be a configurable percentage of the GC-DCI reference region.

Proposal 8: If subsequent retransmission is supported, the pre-emption indicator should also indicate whether the UE should monitor for a subsequent retransmission after the eMBB transmission and before the UE sends the HARQ feedback. 

Proposal 9: If subsequent retransmission is scheduled, the DCI scheduling the subsequent retransmission would indicate a new resource (time and frequency) for the HARQ feedback that overrides the resources for the original HARQ feedback.
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