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Introduction
In RAN1#89, the following agreements on DL Pre-emption indication were reached ‎[1]:
· 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.
In RAN1 NR#2, the following agreement were reached ‎[2]:
· 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
In RAN1#90 the following was agreed ‎[3]:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication
· The frequency region of the reference downlink resource is configured semi-statically
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The time region of the reference downlink resource is configured semi-statically 
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.
· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication

In RAN1 NR#3 it was agreed that 
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
· working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot
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On DL pre-emption indication
In the last meeting, a general DL pre-emption indication architecture was proposed, which is based on pointing of “time/frequency region” (TFR) on the time-frequency resource grid and signal which part(s) of this TFR was affected by pre-emption. It was agreed that these resources are configured either explicitly in RRC configuration or implicitly derived from other RRC configurations. As it follows from agreements, in one PI message a system can report about only one TFR, but size of TFR and internal resolution can be configurable. 
Observation 1. In one preemption indication message only one time/frequency region (TFR) can be indicated.
For parametrization of the algorithm, let’s denote:
· “T” - TFR size in time scale defined in slots or OFDM symbols.
· “F” - TFR size in frequency scale defined as BWP fraction.
· “x” - TFR internal resolution in time scale defined in OFDM symbols.
· “y” - TFR internal resolution in frequency scale defined in PRBs.
· “Max T backward” – Max backward time covered by TFRs and defined in times of “T”.
To make a discussion clear the pre-emption indication idea demonstrated on the fig. 1, where “T”=1 slot (14 os), “F”=1/2 BWP, “x” = 1 os, “y” = 25 PRBs and “Max T backward” is 4.
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Figure 1. Example of t-f-grid logical structure in pre-emption indication algorithm.

To support a good granularity in time domain, it is beneficial to support a time granularity of one “OFDM symbols”. 
Proposal 1. A time granularity of one OFDM symbols should be supported
Regarding the frequency granularity of the indications, we observed that although a granularity of down to fraction of bandwidth can be useful, it will not provide as much gain. The reason is that the granularity cannot be down to RBs as it imposes a large payload for the indication, and the design should consider the size of the DCI message. Furthermore we observe that it is beneficial if the DCI message for preemption indication matches the size of other DCI messages to help the blind decoding. Therefore, it is proposed that the frequency granularity is decided when the size of DCI message is known. One practical thing needs to be considered is the number of tests that a UE must pass for different parts of the frequency domain according to the indication. For example, if the frequency granularity is BW/4, it means that the number of all tests is roughly 4 times the number of tests that correspond to a frequency granularity of equal to BW. 
Proposal 2: The granularity in frequency domain should be decided considering the final size of the DCI message for pre-emption indication as well as the number of tests that need to be performed for a UE with different pre-emption configurations.
We also note that it is possible that the preemption indication is not sent in the slot immediately after the pre-empted slot. Therefore, the indication can point to one of the TFR by e.g. a time field that tracks backwards in time from the reception of PI message. We can assume that this backward time can be up to a “Max T”.  
Proposal 3. The indication should be able to point at the slot where the preemption occurred 
Whether the above indications are configured explicitly or implicitly depends on the final agreed configuration. In principle, “x” can be from 1 up to total number of OFDM symbols in “time/frequency region”, but to achieve a good resolution in time domain a value of “x” can implicitly be set to 1 OFDM symbol. Following the same logic, a value “y” can be from 1 up to total number of PRBs in TFR, but to simplify RRC signaling the value “y” can be implicitly set to total number of PRBs in TFR. Let’s summarize our proposal on parameter values:
· “Max T backward” can be 1,2,4 or 8 times of “T”.
· “T” can be from 2 to 14 OFDM symbols;
· “F” can be 1, ½ and ¼ which corresponds to full BWP, ½ BWP, ¼ BWP;
· “x” can be only 1 OFDM symbol implicitly;
· “y” should coincide with parameter “F” implicitly, it means there is no frequency resolution inside “time/frequency region”. The indication is wideband if “F”= 1.

RAN1 needs to define relation between proposed parameters and content of PI message. Once pre-emption monitoring is configured for particular BWP, UEs may monitor for PI message of system pre-defined size. Interpretation of the PI message depends on RRC signaled parameters and general interpretation is presented on fig. 2.
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Figure 2. Pre-emption indication message structure
Once we defined the range of each parameter, a relation between field sizes and parameters can be easily expressed by simple expressions, e.g.:
·  [bits]
·  [bits]
·  [bits] 
· 

According to these formulas, values of N1, N2 and P can be a zero length 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.
Example 1-1. Two OFDM-symbols pre-emption. Resolution 1 os and half-spectrum. BWP = 100 PRBs.
· max T backward is 4 TFRs. Time position field  
· F = ½ (half-of-bandwidth) => frequency position field  , so y=50 PRBs.
· T = 14 OFDM symbols and x = 1os. Mask is  
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Figure 3. Pre-emption indication example 1-1.
Example 1-2. One pre-emption. Resolution 1 os and full-spectrum. BWP = 100 PRBs.
· max T backward is 4 TFRs. Time position field  
· F = 1 (full-bandwidth) => frequency position field  , so y =100 PRBs.
· T = 14 OFDM symbols and x = 1os. Mask is  
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Figure 4. Pre-emption indication example 1-2.
Conclusion
We discussed the code block group formation designs. We propose
Proposal 1. A time granularity of one OFDM symbols should be supported
Proposal 2: The granularity in frequency domain should be decided considering the final size of the DCI message for pre-emption indication as well as the number of tests that need to be performed for a UE with different pre-emption configurations
Proposal 3. The indication should be able to point at the slot where the preemption occurred 
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