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Introduction
[bookmark: _Toc497903691]In RAN1#90bis, the following agreements on DL Pre-emption indication were reached [1]:

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

Discussion
Despite of good progress in the last 3GPP meeting, pre-emption indication still has some unresolved questions, which are summarized in subsection of this paper.
Monitoring periodicity
In principle, there are many factors having an impact on monitoring periodicity, but if we exclude GC-PDCCH related factors there will be:
· HARQ timeline, where different features and events can play a role (feedback generation timing, fast HARQ feedback, TDD, re-transmission timing);
· Decoding timeline, where UE capabilities is the main factor.
Depending on what do we want to achieve by pre-emption indication, there could be several points in time, which can lead to desirable result. Let’s summarize all desirable outcomes in the Table 1.
Table 1 – Options on pre-emption indication desirable outcomes
	Opt.
	Desirable result
	Benefits
	Time
	Required PI periodicity

	1
	Flush of pre-empted bits before decoding starts
	Decrease chance of failure decoding from ~100% to ~15% in the best case and to ~50% in average => better spectrum efficiency and no latency impacts
	In UEs, a decoding can be started when code block or code block group has been completely received
	1 os

	2
	Flush of pre-empted bits and try to decode one more time before feedback generation
	Same as 1, but lately in time
	At any time before feedback generation
	1 slot or less

	3
	Flush of pre-empted bits before or along with retransmission receiving
	Decrease chance of failure decoding after retransmission from ~50% to ~0.5% in the worst case and from 10% to 0.2% in average 
	At any time before receiving a retransmission
	1 slot or more



The benefits in the Table 1 are based on simulation results for perfect pre-emption indication [2], [3], [4]. 
As shown in [5], that pre-emption can be expected only in 0.5% of all transmissions, hence, if all pre-empted transmissions are fully retransmitted, first two options is better than third option roughly on 0.5% of spectrum efficiency. Considering all above, we can conclude that it is too costly to have option 1 if the same spectrum efficiency benefit can be achieved with option 2. Moreover, very frequent monitoring periodicity increases UE power consumption, but in average it doesn’t bring significant latency enhancements for affected traffic in 50% of cases, because most likely negative pre-emption consecutives will be resolved only after HARQ retransmission.
[bookmark: _Ref498505267]Proposal: Non-slot level PI monitoring periodicity shall not be supported.
Considering option 3 from Table 1 as a baseline solution, monitoring periodicities longer than 1 slot should be supported for UE energy consumption enhancement.
[bookmark: _Ref498505269]Proposal: Maximum value of monitoring periodicity can be limited by DCI payload size and HARQ timing. At least the following set should be supported: 1, 2 or 4 slots.
If periodicity is more than one slot, PI must contain a slot pointer field (offset in slots) to correct addressing of pre-emption bitmap. When monitoring periodicity is 1 slot, the field size is 0 bits.
[bookmark: _Ref498591431]Proposal: To support monitoring periodicity more than one slot, the indication should be able to point at the slot where the pre-emption occurred.
In case, when monitoring periodicity is more than one slot and pre-emption happens more than one time in two different slots, it will be impossible to inform UEs about all pre-emption occasions. To make it more flexible RAN1 can consider time-wise overlapping between positions of reference downlink resources (RDRs), which can be achieved by making slot pointer field bigger than it is needed for configured monitoring periodicity. E.g. if periodicity is 2 slots, the slot pointer field in PI can be 2 bits to cover two PI monitoring periods.
[bookmark: _Ref498505270]PI monitoring periodicity shall be configured by RRC. FFS: can time offset field of PI be configured separately.
RAN1 needs to define relation between proposed parameters and content of PI message. Once pre-emption monitoring is configured, UEs may monitor for PI message of system pre-defined size. Interpretation of the PI message depends on RRC signalled parameters and general interpretation is presented on fig. 1.
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Figure 1. Pre-emption indication message structure
A relation between field sizes and parameters can be easily found by simple expressions, e.g.:
·  [bits] or [bits]
·  [bits] (as it was agreed by RAN1 #90bis)
· 

According to these formulas, values of N1 and P can be a zero and UE should interpret this accordingly. Of course, it is not allowed to exceed Group Common PDCCH payload, therefore definition of PI parameters must be done based on Group Common PDCCH payload size.
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Figure 2. Pre-emption indication example for {M, N} = {14, 1}.

Frequency region of reference downlink resource
Since there is ongoing discussion on GC-PDCCH relation with BWPs, the main unresolved question is how GC-PDCCH will address signalling information to overlapped region between two BWPs. For resolving this issue either GC-PDCCH must be mapped on non-overlapped bandwidth of BWPs or network can apply grouping by pre-emption specific RNTI based on allocated BWP. We think any solution is good enough and working assumption will be suitable for any of stated option. In contrast with separate configuration of frequency region, the working assumption doesn’t require additional parametrization, which simplifies a technical specification and network maintenance. Moreover, taking into assumption that precise GC-PDCCH PI addressing will be designed, expectable benefit from separate configuration of frequency region is marginal.
[bookmark: _Ref498505272]Confirm working assumption that the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP

UE behaviour on PI and FI
In principle, UE can be configured on receiving only pre-emption indicator (PI), only CBG flush indicator (CBGFI) or both indicators at the same time. When there is only one way for pre-emption indication, it is evident that UE must flush/restore PI- or FI-pointed parts of soft-buffer as soon as it can. But if PI and FI are configured together, the PI can help to determine which parts of a soft-buffer shall UE flush/restore, while CBGFI can be a trigger for soft-buffer modification. This two steps algorithm can help to avoid unnecessary flushing in beamforming and MU‑MIMO scenarios, when some eMBB UEs were not affected due to pre-emption allocation on different layers or beams.
[bookmark: _Ref498505273]PI doesn’t trigger soft-buffer flushing when CBGFI is configured together with PI.
All soft-buffer related questions in case of pre-emption are discussed in our companion paper [6].
Conclusion
In this contribution, we made the following observations and proposals: 
Proposal 1	Non-slot level PI monitoring periodicity shall not be supported.
Proposal 2	Maximum value of monitoring periodicity can be limited by DCI payload size and HARQ timing. At least the following set should be supported: 1, 2 or 4 slots.
Proposal 3	To support monitoring periodicity more than one slot, the indication should be able to point at the slot where the pre-emption occurred.
Proposal 4	PI monitoring periodicity shall be configured by RRC. FFS: can time offset field of PI be configured separately.
Proposal 5	Confirm working assumption that the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP
Proposal 6	PI doesn’t trigger soft-buffer flushing when CBGFI is configured together with PI.
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