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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#90bis, we agreed the following:
· 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

· 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)

· 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

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

· 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

· 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 on PI, namely frequency and time aspects of the RDR, UE behavior during the HARQ timeline and collision with DMRS.
2. Discussion
2.1 Reference Downlink Region
The PI covers a Reference Downlink Region (RDR) where the duration in time is equal to the periodicity of the GC-DCI carrying the PI and in the frequency domain, it is the same as the UE’s BWP.  As noted in [1], BWP is UE specific whilst GC-DCI is group specific and hence ghost pre-emption may occur if at least two UEs with different BWPs share the same GC-DCI and PI.  An example is shown in Figure 1 where UE1’s BWP is from f3 to f5 and UE2’s BWP is from f1 to f5, i.e. UE2’s BWP overlaps that of UE1.  If UE1 and UE2 shares the same PI carried by a GC-DCI, then the bitmap used by the PI would be interpreted differently by both UEs.  In the example if a pre-emption occurs in UE2’s BWP, i.e. between f1 and f2, the UE2 would correctly interpret the PI but UE1 would incorrectly interpret that the lower left hand corner of its BWP, i.e. between f3 and f4 is pre-empted and would therefore experience ghost pre-emption, i.e. PI indicated a pre-emption that is not there.
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[bookmark: _Ref497920522]Figure 1: Ghost pre-emption due to UE with different BWP sharing the same GC-DCI
Observation 1: Since BWP is UE specific but PI is carried by GC-DCI, ghost pre-emption, where the PI indicates a pre-emption that does not exist, may occur.

To avoid ghost pre-emption, the PI cannot indicate pre-emptions that are outside the frequency domain of the UE’s BWP.  In Rel-15 this can be handled by ensuring that the eNB never configures a GC-DCI for UEs with different BWPs.
Proposal 1: In Rel-15, the PI cannot be configured to indicate pre-emptions that are outside the frequency domain of the UE’s BWP.
Proposal 2: In Rel-15, only UEs with the same BWP can be configured with a PI carried by the same GC-DCI.

In later releases, UEs with different BWPs can share the same GC-DCI by allowing the RDR of the PI to be a subset of the UE’s BWP.  For example in Figure 2, UE1 BWP is from f3 to f4, UE2 from f1 to f4 and UE3 from f1 to f3, where UE2’s BWP overlaps those of UE1 and UE3.  UE1 is configured with PI1 and UE3 is configured with PI2, where PI1’s RDR covers UE1’s BPW (f3 to f4) and PI2’s RDR covers UE3’s BWP (f1 to f3).  UE2 can be configured with PI1 and PI2 which collectively would cover the entire BWP of UE2.  This enables UEs with different BWP to share the same PI (i.e. UE2 and UE1 share PI1 and UE2 and UE3 share PI2) without causing ghost pre-emption.  It is also noted that this avoids the need to configure a separate PI specifically for UE2’s BWP since PI1 and PI2 already cover UE2’s BWP.
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[bookmark: _Ref497923713]Figure 2: BWP that can be served by more than one PI
Proposal 3: Allow UEs with different BWP to share a PI carried by the same GC-DCI in a later release.

The time location of the GC-DCI carrying the PI relative to the RDR has not been defined.  Figure 3 shows three possible options:
A) The GC-DCI carrying the PI and the corresponding RDR do not overlap in time and there is no delay between the end of the RDR and the start of the GC-DCI carrying the PI.
B) The GC-DCI carrying the PI is within the RDR region in the time domain
C) There is a delay of TRDR-Delay between the start of the GC-DCI carrying the PI and the end of the RDR
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[bookmark: _Ref497926687]Figure 3: Relative location of GC-DCI and RDR
The PI should be transmitted as soon as possible and hence introducing a delay such as in Option C (of Figure 3) is not beneficial.  Between Option A and Option B, there is a slight advantage in Option B since any pre-emption that occurs at the end of the RDR can be addressed immediately in Option B compared to that in Option A.  Hence we have a slight preference to go for Option B.
Proposal 4: In the time domain, the GC-DCI carrying the PI is located at the end and inside of the RDR.

The minimum periodicity of the GC-DCI carrying the PI is agreed to be 1 slot.  Whilst it may be beneficial to reduce this periodicity to mini-slot level, it also introduces complexities in terms of blind decodes at the UE.  Hence, the support for mini-slot PI monitoring can be optional and the UE can signal this capability.
Proposal 5: The UE signals its capability to support mini-slot monitoring periodicity of GC-DCI carrying PI.

2.2 UE Behaviour & HARQ Timeline
UE Processing Time
The aim of the PI is to improve the UE’s demodulation performance when it is pre-empted by another PDSCH (e.g. URLLC).  Ideally this would allow the UE to take into account the pre-emption prior to HARQ-ACK feedback.  Let the time between the end of the PI and start of the HARQ-ACK feedback for an eMBB transmission be THARQ as shown in Figure 4.  Since HARQ-ACK feedback time is relative to an eMBB transmission but the PI is carried by GC-DCI, the time THARQ is different for different eMBB transmissions within the RDR.  For some eMBB transmissions, THARQ may not provide sufficient time for the UE to take into account the pre-emption and to re-decode the eMBB TB in time to provide a HARQ-ACK feedback.  In [2] & [3] it is proposed that if THARQ > threshold TProcess then the eMBB UE would flush out the LLRs corresponding to the pre-empted resources and re-decode the eMBB, otherwise, the eMBB UE would just flush out the LLRs corresponding to the pre-empted resources but not re-decode the eMBB (since it does not have sufficient time).  The UE behavior in handling THARQ has an impact on the eMBB decoding performance.  However, the UE should be free to implement its handling of THARQ.  Hence, the UE behavior does not need to be specified but RAN1 suggests to RAN4 to test the performance of eMBB (i.e. large PDSCH TBS) demodulation when the UE takes into account PI assuming a TProcess value.
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[bookmark: _Ref497928716]Figure 4: Time between end of PI and start of HARQ-ACK feedback

Proposal 6: LS to RAN4 to test the performance of large PDSCH demodulation that is partially pre-empted by another shorter PDSCH transmission taking into account PI.  This test should assume a suitable PDSCH processing time at the UE.

PI and CBGFI
The UE behavior when PI and CBGFI are both transmitted to the UE was discussed during offline sessions in the previous meeting.  The straightforward behavior as described in [4] can be used, i.e.:
· The UE will apply whichever indicator (PI or CBGFI) that arrives first
· If both PI and CBGFI arrive at the same time, PI has priority
Proposal 7: When PI and CBGFI are transmitted to the UE, the UE will apply whichever indicator arrives first.  If both indicators arrive at the same time the UE will apply the PI.

Subsequent Retransmission
Subsequent retransmission, where the pre-empted resources are retransmitted prior to the eMBB UE’s HARQ ACK feedback, is beneficial [5].  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 5, 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.
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[bookmark: _Ref481587623]Figure 5: Subsequent retransmission
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-ARQ 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. 

Since subsequent retransmission may affect the HARQ-ARQ feedback time, the HARQ-ARQ feedback resource (i.e. time) should be updated.  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.

Pre-emptor and PI
In [2] it is noted that a UE receiving URLLC transmission may also be configured to monitor for PI.  Hence it is possible that this UE is the pre-emptor to other UE’s PDSCH transmission but since it reads the PI it may suffer from ghost pre-emption where it wrongly thinks that its entire transmission has been pre-empted.  In [2] it is suggested that the DCI indicates whether the UE cannot be pre-empted. An alternative is that if the entire UE PDSCH is pre-empted the UE will just attempt to decode the PDSCH TB.
Proposal 10: If the entire PDSCH of a UE is indicated to be completely (100%) pre-empted, the UE will attempt to decode the PDSCH TB.

2.3 Pre-empting DMRS
If DMRS of an eMBB transmission is pre-empted, the eMBB transmission is less likely to be decoded compared to a transmission with an intact DMRS.  It is however noted in [4] that the DMRS for eMBB is typically front loaded and hence it is relatively easy for the gNB to avoid these (one or two) symbols without causing significant delay to the URLLC transmission.  If optional DMRS are added during the eMBB transmissions, they may be pre-empted but since they are optional, it may not have significant impact to the performance.  It is therefore observed that pre-emption of eMBB DMRS can be handled via gNB scheduler implementation.
Proposal 11: Pre-emption of eMBB DMRS is handled via gNB scheduler implementation.

3.   Conclusion
In this contribution we observe the following:
Observation 1: Since BWP is UE specific but PI is carried by GC-DCI, ghost pre-emption, where the PI indicates a pre-emption that does not exist, may occur.

We therefore propose the following:
Proposal 1: In Rel-15, the PI cannot be configured to indicate pre-emptions that are outside the frequency domain of the UE’s BWP.
Proposal 2: In Rel-15, only UEs with the same BWP can be configured with a PI carried by the same GC-DCI.
Proposal 3: Allow UEs with different BWP to share a PI carried by the same GC-DCI in a later release.
Proposal 4: In the time domain, the GC-DCI carrying the PI is located at the end and inside of the RDR.
Proposal 5: The UE signals its capability to support mini-slot monitoring periodicity of GC-DCI carrying PI.
Proposal 6: LS to RAN4 to test the performance of large PDSCH demodulation that is partially pre-empted by another shorter PDSCH transmission taking into account PI.  This test should assume a suitable PDSCH processing time at the UE.
Proposal 7: When PI and CBGFI are transmitted to the UE, the UE will apply whichever indicator arrives first.  If both indicators arrive at the same time the UE will apply the PI.
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.
Proposal 10: If the entire PDSCH of a UE is indicated to be completely (100%) pre-empted, the UE will attempt to decode the PDSCH TB.
[bookmark: _GoBack]Proposal 11: Pre-emption of eMBB DMRS is handled via gNB scheduler implementation.
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