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1 Introduction

At the previous RAN1#91 meeting the pre-emption indication feature was finalized with a few points to be decided additionally. The following agreements were made:
	Agreements for SFI:

· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent

· For 15 kHz SCS (slots based on 15 kHz): 1, 2, 5, 10, 20

· For 30 kHz SCS (slots based on 30 kHz): 1, 2, 4, 5, 10, 20

· For 60 kHz SCS (slots based on 60 kHz): 1, 2, 4, 5, 8, 10, 20

· For 120 kHz SCS (slots based on 120 kHz): 1, 2, 4, 5, 10, 20
Working assumption:

· DCI payload size for preemption indication is configurable by RRC

· FFS the interaction with DCI payload size for SFI especially in terms of RRC configuration, and potentially other DCI formats

Agreements:

· Within a PUCCH group, UE can be configured to monitor group common PDCCH for pre-emption indication for a Scell on a different serving cell

· One DCI can contain one or more pre-emption indication field(s) corresponding one or more serving cells

· Each field (14bits bitmap) for one serving cell
· RRC configures the PI field location in the DCI format that is applied to that cell

· Supported periodicities for slot level preemption monitoring are

· 1, 2, TBD1, TBD2 slots

· No consensus to support mini-slot level monitoring periodicity of preemption indication in RAN1#91

· Confirm the following working assumption in RAN1#90bis

· The frequency region of the reference downlink resource for pre-emption indication is the active DL BWP

· Configuration of UE monitoring of preemption indication is per DL BWP

· For the bitmap indication, the time-frequency blocks of the reference DL resource determined by {M, N} ({M, N}={14, 1}, {7, 2} ) are indexed in frequency first manner

· Note: The reference DL resource is partitioned with M time domain parts and N frequency domain parts. 

· Note: Current TS38.213 needs to be updated according to the above agreement.

· When a PI is detected, the time location of the corresponding reference DL resource (RDR) is determined by:

· The RDR starts at the 1st symbol of the previous CORESET for PI monitoring and ends right before the current CORESET at which the PI is detected. 

· The UE is not expected to take into account a PI detected in a BWP for a PDSCH scheduled in a different BWP of the same serving cell.


This contribution presents discussion on the remaining details of pre-emption indication and provides a few corrections to the already implemented specifications.
2 Pre-emption Indication Monitoring 
The control channel monitoring periodicity of slot-level, i.e. with slot granularity is currently supported by the PI feature. It was agreed, that four different monitoring periodicities are specified two of them are 1 and 2 slots. Another two values are to be further discussed. In order to select the other two values, the following needs to be taken into account:
· Matching of monitoring periodicity values with the ones agreed for GC PDCCH carrying SFI. It is desirable to be able to match periodicity values for SFI and PI in order to efficiently use control channel resources and also potentially reused blind decodings for both SFI and PI.
· SCS dependent periodicities. Since the slot duration is dependent on SCS, similar approach as was used for SFI may be adopted where the four values may be different depending on SCS if needed.
· Relatively small periodicity values. Differently from SFI, the purpose of PI is to inform about a past event therefore a timely indication is preferred in order to let UE take it into account for proper combining with retransmission.
Based on these considerations, it is proposed to take additionally {4, 5} slots for {15, 30} kHz SCS and {4, 8} slots for {60, 120 kHz}.
Proposal 1

· The TBD1 and TBD2 values of PI DCI monitoring periodicity are 4 and 5 slots for SCS = {15, 30} and 4 and 8 for SCS = {60, 120} kHz
3 Size of Pre-emption DCI

Another open issue is the configurability of DCI size. The working assumption states that the size is configurable via RRC, however no any range of values was discussed. The minimum payload size for PI is 14 bit. In case of carrier aggregation scenario, the payload scales with the number of active carriers. E.g., if the number of configured carriers is C, the minimum payload size is 14·C. Since the total number of carriers to be served by single PI is in general unknown to a UE, there is no good way to implicitly derive the payload size from the number of carriers. Therefore, the maximum value may be either the maximum DCI format size (any other UE-specific or group-common DCI) or 14 multiplied by the maximum number of component carriers to be served by single PI. Both values are currently not defined, therefore the final decision is conditional to the finalization of these two features.
Proposal 2
· Confirm the working assumption that PI DCI payload size is configurable via RRC

· The minimum value of the RRC parameter configuring PI DCI payload size is 14 bit

· The maximum value of the RRC parameter configuring PI DCI payload size is max{(largest UE-specific or group-common DCI format), (14 multiplied by the maximum number of component carriers to be served by single PI)}

4 Reference DL Resource Partitioning

In case the number of symbol groups in RDR is smaller than the number of bits for time domain allocation (i.e. NINT < M), current specification maps “empty” parts to the PI bits. Obviously, the empty parts cannot be punctured, therefore the bits corresponding to these parts may be assumed to be set to some default value that may potentially help in decoding and/or reduction of false decodings. Alternatively, these bits may not be assumed by a UE to any value and may be used in later releases for other purposes.
In case the number of symbols in RDR is larger than the number of bitmap bits for time domain indication, i.e. NINT > M, then there may be partitions of different lengths: l0 = floor(NINT/M) and l1 = ceil(NINT/M). According to current specification implementation, these partitions of different lengths are consecutively placed within RDR. However as shown in Figure 1, in many cases that leads to non-uniform distribution of partitions with different resolution. If two UEs were scheduled in two different slots then each UE will have different resolution of indication in time domain that is an unfair approach. Obviously, uniformly distributed partitions over the RDR are highly desirable. The uniform distribution of partitions of different length can provide similar pre-emption indication granularity within the whole RDR.
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Figure 1. Illustration of partitions of different lengths placed consecutively within RDR.

An option of grouping of same length partitions and distribution of them across the reference DL resource may be achieved as illustrated in Figure 2. In this figure, each row corresponds to the bitmap of length M. Different rows correspond to different sizes of reference DL region where different number of partitions of length l1 is assumed a1 = NINT - floor(NINT/M)·M. The benefits of such approach is the nested structure and common mechanism for M = 14 and M = 7.
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Figure 2. Positions of partitions with second length l1 within the reference DL resource for different values of a1.

Proposal 3
· Partitions of different durations are distributed over RDR according to the following rule:
· For M = 14, with increasing the number of time partitions of length ceil(NINT/14) from 1 to 13, the position of partition of length ceil(NINT/14) in the RDR is added in the following order:
· 13, 6, 12, 5, 9, 2, 8, 1, 11, 4, 10, 3, 7

· For M = 7, with increasing the number of time partitions of length ceil(NINT/7) from 1 to 6, the position of partition of length ceil(NINT/7) in the RDR is added in the following order:

· 6, 5, 2, 1, 4, 3

5 Miscellaneous Corrections

In current version of TS 38.213, section 11.2 the following is stated regarding determination of RDR symbols:
	…

If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in slot 
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, the set of symbols indicated by a field in DCI format 2_1 includes the last 
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 symbols prior to the first symbol of the control resource set in slot 
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 is the value of the parameter INT-monitoring-periodicity and 
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If the UE is configured with higher layer parameter UL-DL-configuration-common, symbols indicated as uplink by UL-DL-configuration-common are excluded from the last 
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. The  resulting set of symbols includes a number of symbols that is denoted as 
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First, the number of symbols in RDR should depend on the configured CP type for the active BWP since in 60 kHz there is the extended CP option with 12 symbols per slot. Therefore, 14·TINT term should be replaced by Nsymbslot·TINT, where Nsymbslot is defined in TS 38.211 depending on subcarrier spacing µ.
Second, the usage of OsymbolCORESET should be replaced by the sentence used in the first part since there is no such parameter defined. I.e. “symbols prior to the OsymbolCORESET symbol” should be replaced by “symbols prior to the first symbol of the control resource set”.
Proposal 4
· In TS 38.213, section 11.2, replace 14·TINT by Nsymbslot·TINT in the definition of symbols in a reference downlink resource where Nsymbslot is defined in TS 38.211 depending on subcarrier spacing µ configured for the currently active bandwidth part.
· In TS 38.213, section 11.2, replace “symbols prior to the OsymbolCORESET symbol” by “symbols prior to the first symbol of the control resource set”.
6 Conclusions

In this contribution, remaining details of PI DCI feature and specification corrections are presented. Based on the discussion and analysis, we have the following proposals:
Proposal 1

· The TBD1 and TBD2 values of PI DCI monitoring periodicity are 4 and 5 slots for SCS = {15, 30} and 4 and 8 for SCS = {60, 120} kHz
Proposal 2
· Confirm the working assumption that PI DCI payload size is configurable via RRC

· The minimum value of the RRC parameter configuring PI DCI payload size is 14 bit

· The maximum value of the RRC parameter configuring PI DCI payload size is max{(largest UE-specific or group-common DCI format), (14 multiplied by the maximum number of component carriers to be served by single PI)}
Proposal 3
· Partitions of different durations are distributed over RDR according to the following rule:

· For M = 14, with increasing the number of time partitions of length ceil(NINT/14) from 1 to 13, the position of partition of length ceil(NINT/14) in the RDR is added in the following order:

· 13, 6, 12, 5, 9, 2, 8, 1, 11, 4, 10, 3, 7

· For M = 7, with increasing the number of time partitions of length ceil(NINT/7) from 1 to 6, the position of partition of length ceil(NINT/7) in the RDR is added in the following order:

· 6, 5, 2, 1, 4, 3
Proposal 4
· In TS 38.213, section 11.2, replace 14·TINT by Nsymbslot·TINT in the definition of symbols in a reference downlink resource where Nsymbslot is defined in TS 38.211 depending on subcarrier spacing µ configured for the currently active bandwidth part.

· In TS 38.213, section 11.2, replace “symbols prior to the OsymbolCORESET symbol” by “symbols prior to the first symbol of the control resource set”.
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