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Introduction
As per the guideline provided by RAN-P #80, it is agreed to investigate the eURLLC L1 improvements to enable the important use cases such as factory automation, AR/VR, etc. One of the topics of interest is further enhancements for scheduling, HARQ and CSI processing timelines as follows:
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

In this paper, we present the following items for Rel. 16 eURLLC:
· Downlink HARQ timeline
· Uplink scheduling timeline
· CSI computation timeline
Downlink HARQ Timeline for eURLLC
In this section, we analyze the number of DL transmissions that can be completed within the latency budget of 1ms assuming 2-symbol type B PDSCH, capability timing #2 and with identical processing at the gNB, i.e., N1 = N3 = 4.5symbols. Figures 1-2 illustrate the results. 


Figure 1: Required time for completing 2 PDSCH transmissions with seven PDCCH monitoring occasions per slot.


Figure 2: Required time for completing 2 PDSCH transmissions with four PDCCH monitoring occasions per slot.
As shown in Figure 1 and 2, although the Rel. 15 capability timing is sufficient to complete two transmissions of a TB within a latency budget of 1ms for a UE capable of monitoring PDCCH seven times per slot, it is not sufficient for a UE that can monitor PDCCH four times per slot. Further, even if the timeline is reduced to N1 = N3, as Figure 3 illustrates, decoding the third transmission cannot be accommodated within the latency budget. Therefore, in order to either allow for smaller PDCCH monitoring occasions per slot or to accommodate a larger number of HARQ-based re-transmissions, it is desirable to study the feasibility of reducing the DL HARQ timing. 



Figure 3: Required time for completing 3 PDSCH transmissions with seven PDCCH monitoring occasions per slot.

If reducing the DL timeline is in fact proved to be essential, some conditions may need to be added in order to reduce the UE’s processing complexity. Such constraints could be introduced in the form of limited TBS or allocated RBs, number of layers or #BDs/CCEs per monitoring occasion to enable fast PDCCH decoding.
Proposal 1: For Rel. 16 eURLLC, if reducing the DL HARQ timing is proved to be essential, consider introducing scheduling constraints to reduce the UE’s processing complexity.
As shown in Figure 1-3, one key component contributing to the overall experienced latency is the gNB’s processing timeline. To satisfy the eURLLC stringent latency requirements, it is critical to reduce the time between the reception of the HARQ-ACK and scheduling the TB re-transmission at the gNB, i.e., N3. One way to accomplish this task is to reduce the number of HARQ processes.
Proposal 2: For Rel. 16 eURLLC, consider reducing the number of HARQ processes to improve the achievable DL latency.
Uplink Scheduling Timeline for eURLLC
Reduced UE and gNB processing timeline
In this section, we analyze the number of UL transmissions that can be completed within the latency budget of 1ms assuming 1-symbol type B PUSCH, capability timing #2 and with identical processing at the gNB, i.e., N2 = N4 for two different modes of operation: (1) SR-based UL transmission, and (2) GFUL for the initial transmission. The results are shown in Figures 4-7.
.


Figure 4: Required time for completing 2 SR-based PUSCH transmissions with seven PDCCH monitoring occasions per slot and N2 = N4 = 5.5 symbols.



Figure 5: Required time for completing 2 SR-based PUSCH transmissions with seven PDCCH monitoring occasions per slot and N2 = N4 = 4 symbols.



Figure 6: Required time for completing 2 PUSCH transmissions, the initial transmission is GF, with seven PDCCH monitoring occasions per slot and N2 = N4 = 4 symbols.
As evident from Figure 4, even if the tightest defined processing timeline is assumed, completing two transmissions within the latency budget of 1ms is not affordable if the first transmission is initiated by an SR. Hence, there are cases that to meet the requirements, a single-shot transmission without relying on HARQ re-transmissions is a given. Taking the reliability requirement of 1e-6 into account, such a system design will be inefficient. Thus, to address the needs of some URLLC use cases, tighter UE processing timelines could be useful. As an example, Figure 5 shows that reducing N2 to 4 symbols enables completing two PUSCH transmissions within the latency budget of 1ms. However, if the first transmission is grant-free, no processing time reduction is necessary to complete two PUSCH transmission within the 1ms budget.
Proposal 3: For Rel. 16 eURLLC, at least for the case of SR-based uplink transmission, the possibility of reducing the uplink PUSCH preparation should be studied. 
To enable this, similar to reducing the DL HARQ timeline, some scheduling limitations, e.g., on the number of RBs, TBS, or on the number of BDs/CCEs per monitoring occasion, may need to be introduced to relax the UE’s processing burden. 
Proposal 4: For Rel. 16 eURLLC, if reducing the uplink scheduling timing is agreed, consider introducing scheduling constraints to reduce the UE’s processing complexity.
Equivalently, it is critical to decrease the gNB’s processing delay N4 for decoding UL transmissions and preparing re-transmission grant to enable more HARQ opportunities for a given delay budget. Reducing the gNB processing timeline can be implemented by reducing the number of HARQ processes.
[bookmark: _Hlk525925725]Proposal 5: For Rel. 16 eURLLC, consider reducing the number of HARQ processes to reduce the gNB’s processing latency between the reception of PUSCH to scheduling a re-transmission of a TB.
CSI Computation Timeline for eURLLC
Another avenue for URLLC enhancement to explore in Rel. 16 is to reduce the CSI computation timeline. As was discussed extensively during the Rel. 15 LTE sTTI WI, reducing the CSI computation timeline, to the extent that it is equal to the PUSCH preparation timeline or HARQ-ACK timeline, leads to enabling the gNB to have access to the most up-to-date information, thereby increasing system capacity. 
Currently, the NR CSI computation timelines for delay requirement 1 (defined as Z and Z’ in Table 5.4-1 of TS 38.214) are almost the same as the PUSCH preparation times for timing capability 1. These values are much larger than the PUSCH preparation times for timing capability 2. Hence, as part of the Rel. 16 eURLLC design efforts, reducing these timelines can be considered. 
To facilitate the preparation time reduction, some relaxation can be introduced. As an example, the fastest CSI timeline of Rel. 15 assumes up to four CSI-RS ports for CSI computation; hence, the number of ports can be reduced. Another approach to relax the CSI computation burden is to rely on the DL (control/data) DMRS for updating the CSI; such a scheme relies solely on the SINR derived from DMRS, which is made available for data/control decoding. 
[bookmark: _Hlk525925817]Proposal 6: Consider reducing the CSI computation timeline and study the possible relaxations needed to achieve it for Rel. 16 eURLLC.
Conclusion
Proposal 1: For Rel. 16 eURLLC, if reducing the DL HARQ timing is proved to be essential, consider introducing scheduling constraints to reduce the UE’s processing complexity.
Proposal 2: For Rel. 16 eURLLC, consider reducing the number of HARQ processes to improve the achievable DL latency.
Proposal 3: For Rel. 16 eURLLC, at least for the case of SR-based uplink transmission, the possibility of reducing the uplink PUSCH preparation should be studied. 
Proposal 4: For Rel. 16 eURLLC, if reducing the uplink scheduling timing is agreed, consider introducing scheduling constraints to reduce the UE’s processing complexity.
Proposal 5: For Rel. 16 eURLLC, consider reducing the number of HARQ processes to reduce the gNB’s processing latency between the reception of PUSCH to scheduling a re-transmission of a TB.
Proposal 6: Consider reducing the CSI computation timeline and study the possible relaxations needed to achieve it for Rel. 16 eURLLC.
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