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Introduction
In RAN1#95, following agreements related to scheduling/HARQ/CSI processing timeline for NR URLLC in Rel. 16 were captured in [1]:
Agreements:
· In order to evaluate the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC, the following aspects should be considered:
· Perform latency analysis to identify the set of scheduling configuration parameters for which the eURLLC latency requirement(s) can/cannot be satisfied under the NR Rel. 15 timing capabilities.
· To do this, the worst-case achievable latency should be considered.
· Perform system-level and/or link-level evaluations to investigate the gains brought by reducing N1/N2 and allowing for more (re-)transmissions within the eURLLC latency budget.
· For system-level evaluation, the performance metrics agreed for Rel. 16 eURLLC SI are applied.
· For link-level evaluation, at least the resource efficiency, i.e., the average number of REs used for completing the transmission of a TB, should be reported. The number of transmissions for successfully decoding a TB and the target BLER for each transmission should be reported.
· For both system-level and link-level evaluations, the simulation parameters agreed for Rel. 16 eURLLC SI are the baseline.
· For all aspects, the comparison reference point is Rel. 15 NR capability timing 2 for FR1 and Rel. 15 NR capability timing 1 for FR2.
· For all aspects, companies should report the assumed values for the following parameters:
· Alignment latency 
· The considered N1/N2 values
· SR periodicity in case the first PUSCH Tx is based on a dynamic grant
· SR reception to initial PUSCH grant processing time at the gNB
· PDCCH monitoring periodicity 
· The number of BDs/non-overlapping CCEs per monitoring occasion should be reported.
· For the purpose of this study, the possibility of enhancing the number of non-overlapping CCEs/BDs for NR eURLLC can be considered.
· Type-B time-domain allocation length for PDSCH/PUSCH channels 
· Time-domain allocation length for PDCCH, SR and PUCCH
· UE and gNB PDSCH/PUSCH decoding time
· The HARQ-ACK to reTx PDCCH  and PUSCH to reTx PDCCH processing time at the gNB 
· The maximum number of possible PUCCH transmissions carrying HARQ-ACK per slot
· Companies can report operation constraints (e.g., compact DCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.
In this contribution, we discuss enhancements related to scheduling and UL cancellation processing timeline for NR URLLC in Rel. 16.
UL cancellation timeline
In case of grant-based URLLC, whenever the UE has URLLC traffic, the UE will send SR to the gNB. Based on the reception of the SR from the URLLC at the gNB, it needs to be discussed on how the gNB handles the URLLC traffic when eMBB UL traffic from different UE(s) is already scheduled for transmission. The cancellation of the eMBB UL transmission based on an indication (pre-emption indication) from the gNB to the UE(s) is discussed as one of the options. The UE processing timeline for cancellation of its eMBB UL transmission is important for the UE to make adjustments to its UL transmission block and empty corresponding resources to be used for URLLC UL transmission from another UE. The base reference for the UE cancellation timeline should be the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective. These values are denoted by N2’; N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH. The value of N2 and d are also described in the specifications. If N_cancel is the number of symbols required for the UE cancellation timeline from the end of the pre-emption indication reception to the earliest possible start of the corresponding PUSCH transmission from the UE perspective, then N_cancel should target less than   N2’. 
Proposal 1: For NR URLLC in Rel. 16, the UE processing time for cancellation of its eMBB UL traffic should target less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
UE processing timeline
In Rel. 15 NR, two sets of processing timeline were introduced for both PDSCH decoding (N1) and PUSCH preparation (N2). The aggressive timeline for Rel. 16 is sufficient to achieve the 1ms latency target for URLLC, at least for higher subcarrier spacing. However in Rel. 16 eURLLC, latency constraint is even stricter in the range of 0.5ms. Furthermore, even the reliability requirement is stricter in the range of 10E-6, which means that single shot transmissions might not be efficient and/or sufficient to achieve the desired reliability as far as different precoder in a slot and/or different beam/TRP-hopping in a slot are not introduced. For this purpose retransmissions and repetitions for both PDSCH and PUSCH would be necessary to allow different precoder in a slot and/or different beam/TRP-hopping. With the current timeline values, it would be quite difficult to support sufficient number of retransmissions within the latency constraint. Therefore, additional set of values for both N1 and N2 with more aggressive processing timeline should be introduced in NR Rel. 16 to support the requirements and use cases of eURLLC. Once it is agreed to support additional set of values, the exact values can be FFS.
Proposal 2: For NR URLLC in Rel. 16, new processing timeline values for PDSCH decoding (N1) and PUSCH preparation (N2) should be introduced to satisfy the stringent latency requirements with retransmissions.
Conclusion
Here we summarize the proposals that have been presented in the sections above:
Proposal 1: For NR URLLC in Rel. 16, the UE processing time for cancellation of its eMBB UL traffic should target less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
Proposal 2: For NR URLLC in Rel. 16, new processing timeline values for PDSCH decoding (N1) and PUSCH preparation (N2) should be introduced to satisfy the stringent latency requirements with retransmissions.
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