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1 Introduction
[bookmark: _GoBack]It was agreed that NR supports pre-emption indication to tell the UE(s) which DL physical resources was pre-empted and the downlink pre-emption indication is transmitted using a group-common DCI in PDCCH [1]-[5]. 
	Agreements: (RAN1 #88)
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been pre-empted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

Agreements: (RAN1 #89)
· For pre-emption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been pre-empted.
· The pre-emption indication is transmitted using a PDCCH.
· The pre-emption 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 pre-emption indication.

Agreements: (NR Ad-hoc#2)
· For downlink pre-emption 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 pre-emption indication is configured by RRC signaling
· The granularity of pre-emption indication in time domain can be configured 
· Details of granularity are FFS

Agreements: (RAN1 #90)
· 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 pre-emption 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

Agreements: (RAN1 NR-AH#3)
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL pre-emption indication within the same or different CORESETs

Agreements: (RAN1 NR-AH#3)
· As a working assumption
· 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
· For determination of the frequency region of the reference downlink resource for pre-emption 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
· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911

Agreements: (RAN1 NR-AH#3)
· The minimum periodicity for UE to monitor group common DCI for DL pre-emption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot


In this contribution, we provide our view on the remaining issues for pre-emption indication and related UE behaviors when the pre-emption indication is configured

2 Contents in Pre-emption indication
Timing duration of the reference downlink resource
From the agreements made in the last NR-AH#3 meeting, the current working assumption states that 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. It is reasonable to UEs configured in FDD mode because all of symbols in a slot in downlink component carrier is ‘DL’ symbol. However, in TDD component carrier, since all of symbols within the monitoring periodicity of the group-common DCI carrying the pre-emption indication may not be ‘DL’ symbol, its time duration should exclude at least the symbols configured or indicated to ‘UL’ symbols. As shown in Figure 1, the pre-emption indication in slot #n can indicate the symbols configured or indicated to ‘DL’ symbols and ‘Unknown’ symbols, but not ‘UL’ symbol. Note that the ‘Unknown’ symbol can be changed to ‘DL’ symbol by slot-format information (SFI) carried by group-common PDCCH or a scheduling DCI. 
[image: ]
Figure 1. Reference DL resource for TDD mode

[bookmark: _Hlk494713827]Semi-static DL/UL configuration for a UE can be configured by cell-specific RRC signaling and additional UE-specific RRC signaling. Also, the ‘UL’ symbols in semi-static DL/UL configuration may be fixed (i.e., not overwritten by other dynamic signaling such as SFI in group-common PDCCH or scheduling DCI). In this case, the UE can know implicitly which symbols within monitoring periodicity are ‘UL’ symbol when determining the time duration of the reference DL resource without explicit RRC signaling. 
· Proposal 1: For the time duration of the reference downlink resource for pre-emption indication, at least the UL symbols configured in semi-static DL/UL configuration should be excluded.
The remaining issue is the minimum periodicity of the group common DCI carrying the pre-emption indication. Since we already agreed that the minimum periodicity of a CORESET can be configured to 1-symbol, the minimum periodicity of the CORESET for group-common DCI carrying the pre-emption indication can be also 1-symbol. The exact periodicity of the CORESET for group-common DCI carrying the pre-emption indication is up to gNB-implementation. However, one or more slot monitoring periodicity is generally preferred because the pre-emption indication is mainly targeted to UEs using the slot-based transmission. Also, it can be hard to multiplex with PDSCH for the slot-based transmission and CORESET for group-common DCI carrying the pre-emption indication when mini-slot-level monitoring is used. So, benefits of mini-slot-level monitoring periodicity should be justified.
· Proposal 2: Prioritize slot-level monitoring periodicity for the pre-emption indication. Mini-slot-level monitoring should be considered after reasonable benefits are justified.
Frequency region of the reference downlink resource
There are two options for determination of the frequency region of the reference downlink resource for pre-emption indication. By considering reliability requirement of URLLC traffic, we think that the required number of PRBs is quite large and thus large frequency-domain granularity for the reference downlink resource is necessary. If bandwidth of an active BWP is small (e.g., less than 20MHz), the UE can assume whole PRBs within the active BWP are included in the reference downlink resource. However, if bandwidth of an active BWP is large (e.g., 100MHz) and it covers the other UE’s BWP of small bandwidth, the UE should be configured which PRBs are included in the reference downlink resource. Thus, the location and bandwidth of the reference downlink resource at least for the UE configured in wideband BWP are necessary.
· Proposal 3: The frequency region of the reference downlink resource is configured explicitly by RRC

3 UE Behavior by Pre-emption Indication
As agreed in RAN1, NR supports a pre-emption indication to inform to a UE which physical resources are impacted by a different DL transmission. From this pre-emption indication, the impacted UE(s) can know which physical resources are pre-empted for a different UE so that it can increase decoding likelihood by discarding the pre-empted physical resources (i.e., inserting zeros to the corresponding soft-bits). This pre-emption indication could be effective to the case that small parts of CBs are pre-empted and/or the code-rate is quite low. In order to obtain such an advantage, it can be desirable that the impacted UE(s) receives the pre-emption indication as early as possible. If the pre-emption indication is received after HARQ-ACK feedback generation timing, the UE cannot report appropriate HARQ-ACK feedback to gNB even if the TB can be correctly decoded. In this case, the UE would surely rely on the HARQ retransmission of the impacted TB, which would result in unnecessary retransmission.
· Proposal 4. In order to use the pre-emption indication for demodulation and decoding steps, the pre-empted UE should receive the pre-emption indication before own HARQ-ACK feedback generation timing.

The effectiveness of the pre-emption indication can be quite limited. In case that most of physical resources of a CB(s) are pre-empted, the UE would usually fail to decode the impacted CB(s). Also, in case that code-rate is quite high, small parts of resource impacted by pre-emption would be critical to decode the impacted CB(s). Therefore, we can categorize the CBs into two categories: 
· Cat. 1) No impact on CBs: The CBs with no resource pre-emption or the CBs of which small parts of resources are pre-empted, but sufficiently robust against the pre-emption to be decoded successfully.
· Cat. 2) Critical impact on CBs: The CBs impacted by the pre-emption - A UE usually fails to decode these CBs due to the pre-emption.
It should be noted that this classification can be determined after receiving the pre-emption indication, depending on how many resources are pre-empted and whether the CBs with resource pre-emption are decodable or not. On the other hand, all of CBs are classified into “No-impact-on-CBs” in the case that the pre-emption indication is not received. 
For example, as illustrated in Figure 1, where 10 CBs are mapped to the 8 OFDM symbols, when DL resources in the 4th and 5th OFDM symbols have been partially pre-empted, CB3, CB4, and CB4 may be impacted by the pre-emption. After receiving the pre-emption indication, CB4 and CB5 would not be decoded correctly due to a large portion of resource pre-emption. However, CB3 may be successfully decoded because of a small portion of resource pre-emption. Therefore, we can categorize the CBs as follows: {CB0, CB1, CB2, CB3, CB6, CB7, CB8, CB9} as “No-impact-on-CBs” and {CB4, CB5} as “Critical-impact-on-CBs”. 
One interesting point is that both UE and gNB can know the critically impacted CBs may not be decoded at the UE with high probability (one example is that the critically impacted CBs are the CBs of which all resources are punctured so that the decoding likelihood is nearly zero). When all CBs including critically impacted CBs in a TB are handled by the same way as in current HARQ operation with no consideration of the effect of pre-emption, the UE’s HARQ-ACK feedback is almost always NACK. In this case, the spectral efficiency is much lower because all CBs corresponding to the TB need to be re-transmitted as in current LTE HARQ design. Thus, it is necessary to design the UE’s HARQ-ACK feedback and gNB’s HARQ retransmission based on the HARQ-ACK feedback by considering the effect of the pre-emption. 
[image: ]
Figure 2. An illustration of resource pre-emption with multiple CBs in a TB
· Observation 1: In cases that almost all physical resources of a CB(s) are pre-empted or the CBs have high code-rate with small portion of resource pre-emption, the UE usually fails to decode the pre-empted CB(s). However, CBs in a same TB can be decodable successfully with no resource pre-emption or small portion of resource pre-emption by using the pre-emption indication. 
· Proposal 5: NR should consider an efficient HARQ-ACK feedback generation rule and retransmission rule in case of presence of the pre-emption indication. 

Based on the above observations, as shown in Figure 2, some of CBs in a TB are not decodable by the pre-emption indication with high probability. The recovery of the TB relies on the retransmission of gNB. To re-transmit the pre-empted CBs, the UE send a feedback NACK for the TB even when the remaining CBs (e.g., CB0-CB3, CB6-CB9) are successfully decoded. In that case, all CBs in the TB are retransmitted, which would result in unnecessary retransmission. 
Rather than reporting ACK/NACK feedback for all CBs in the TB, the UE can report ACK/NACK only for the “No-impact-on-CBs.” As shown in Figure 3, the UE can report ACK if CRCs of the not-critically impacted CBs are correctly checked. Otherwise, the UE can report NACK. gNB can determine which CBs are not critically impacted (if the selection rule is pre-defined – One simple rule is to consider CBs with no resource pre-emption). In that case, gNB can retransmit the critically impacted CBs only if the UE’s HARQ-ACK feedback is ACK. Also, the gNB retransmits all CBs in the TB as normal HARQ retransmission when the UE’s HARQ ACK feedback is NACK. This HARQ-ACK feedback design is enable to provide more opportunities to know which CBs are successfully decoded and to avoid the retransmissions of the successfully decoded CBs. One drawback is that gNB may retransmit the critically impacted CBs even if these CBs may be successfully decoded. Thus, the selection rule for non-critically impacted CBs is important to reduce the unnecessary retransmission. 
· [bookmark: _Hlk485409448]Proposal 6: In case of TB-based retransmission, when a UE is aware that some of the allocated physical resources are impacted by the different DL transmission from the pre-emption indication, the UE can generate HARQ-ACK feedback based on the CB-level CRCs of “no-impact-on-CBs.”
· If not critically impacted CBs is all of CBs, the UE can generate HARQ-ACK feedback based on the TB-level CRC.
· FFS: detail selection rule of the critically impacted CBs
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(a) with pre-emption                 (b) without pre-emption
Figure 3. HARQ-ACK generation according to the presence of pre-emption
One of possible issues is whether the HARQ-ACK process works well in the case that a UE misses the pre-emption indication. When a UE misses the pre-emption indication, the UE’s HARQ-ACK feedback is generated based on all CBs, but the gNB consider that the UE’s HARQ-ACK feedback is generated based on non-critically impacted CBs. If all CBs are non-critically impacted CBs, there is no other issue. However, when at least one critically impacted CB(s) exists in a TB and the UE sends the HARQ-ACK feedback as “NACK,” the gNB retransmit all of CBs as normal HARQ operation. In the case of ACK feedback, the gNB retransmits critically impacted CBs, then the UE reports ACK again since the UE already decodes the TBs successfully. Therefore, the uplink HARQ-ACK feedback can be wasteful but the HARQ-ACK process still works well. 

4 Conclusion
In this contribution, we discussed the remaining issues on the pre-emption indication. Our views are summarized as follows:
· Proposal 1: For the time duration of the reference downlink resource for pre-emption indication, at least the UL symbols configured in semi-static DL/UL configuration should be excluded.
· Proposal 2: Prioritize slot-level monitoring periodicity for the pre-emption indication. Mini-slot-level monitoring should be considered after reasonable benefits are justified.
· Proposal 3: The frequency region of the reference downlink resource is configured explicitly by RRC
· Proposal 4. In order to use the pre-emption indication for demodulation and decoding steps, the pre-empted UE should receive the pre-emption indication before own HARQ-ACK feedback generation timing.
· Observation 1: In cases that almost all physical resources of a CB(s) are pre-empted or the CBs have high code-rate with small portion of resource pre-emption, the UE usually fails to decode the pre-empted CB(s). However, CBs in a same TB can be decodable successfully with no resource pre-emption or small portion of resource pre-emption by using the pre-emption indication. 
· Proposal 5: NR should consider an efficient HARQ-ACK feedback generation rule and retransmission rule in case of presence of the pre-emption indication. 
· Proposal 6: In case of TB-based retransmission, when a UE is aware that some of the allocated physical resources are impacted by the different DL transmission from the pre-emption indication, the UE can generate HARQ-ACK feedback based on the CB-level CRCs of “no-impact-on-CBs.”
· If not critically impacted CBs is all of CBs, the UE can generate HARQ-ACK feedback based on the TB-level CRC.
· FFS: detail selection rule of the critically impacted CBs
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