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Introduction
A study item on physical layer enhancements for NR URLLC has been approved in RAN#80 with the following objective [1];
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
Enhanced multiplexing considering different latency and reliability requirements (RAN1): UL inter UE Tx prioritization/multiplexing.
Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot.


In this contribution, we discuss the UE processing time for PDSCH processing and PUSCH preparation (N1 & N2) to investigate the possible enhancements to achieve URLLC requirements. Furthermore, we analyze the required PDCCH monitoring occasions to meet the latency restriction for UL and DL transmission, and we highlight that different PDCCH monitoring configurations are required for UL and DL transmissions. 
Discussion
URLLC requirements have been taking into consideration in the design of NR Rel-15. In terms of transmission reliability, CQI table for CQI report corresponding to 10-5 BLER target was introduced in Rel-15 to support URLLC transmission with high reliability requirement. A corresponding MCS table that targets low spectral efficiency was introduced as well. In terms of latency, with PDSCH/PUSCH mapping Type B, the transmission can start at any symbol within the slot, which reduces the incurred latency for data scheduling. In addition, configured-grant transmission scheme with up to 2 symbols periodicity is supported in Rel-15, and further enhancements are expected in Rel-16. Aggressive UE processing timeline for PUSCH preparation and PDCCH processing is supported as well in Rel-15. These design aspects can be the main feature to enable URLLC uses-cases in Rel-16.
The incurred latency depends on the procedure used for the transmission. For DL transmission with dynamic scheduling, there several elements that contribute the total latency as depicted in Figure 1. As detailed in our companion contribution [2] and listed in Table 1 below, with multiple HARQ feedbacks in a slot, up to 4 (re)transmissions are possible within the 1ms latency constraint using Rel-15 UE processing time.
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[bookmark: _Ref528948047]Figure 1: Latency associated with different channels with a single HARQ transmission.
[bookmark: _Ref528949101]Table 1: Maximum number of HARQ transmissions permitted for different subcarrier spacing and PDSCH size.
	PDSCH size
	15kHz
	30kHz
	60kHz

	2OS
	2
	3
	4

	4OS
	2
	3
	4

	7OS
	1
	2
	3



Observation 1: Rel-15 capability#2 for PDSCH processing time is sufficient to meet URLLC requirements.
For UL transmission, configured-grant is the most suitable approach for meeting the URLLC latency requirement for small subcarrier spacing (e.g. 15KHz) [3]. For, larger subcarrier spacing (e.g. 60KHz), the current capability#2 for PUSCH preparation time is sufficient to meet the latency requirements in dynamic-grant scheme. 
Observation 2: For small subcarrier spacing (e.g. 15KHz), configured-grant operation to meet URLLC requirements.
Proposal 1: There is no need to introduce new UE processing time for PDSCH processing and PUSCH preparation (N1 & N2) in Rel-16.
PDCCH monitoring enhancements
In this section, we will perform some latency analysis for the UL and DL transmissions, and we will assess if any link direction is particularly impacting the latency performance more than the other link.
Once the UE has a packet to be transmitted in UL, the UE needs to generate and send an SR to the gNB to be allocated some resources for the UL transmission. The SR is not transmitted immediately since the UE needs to comply with the configured SR periodicity. The gNB needs also some time to process the SR and generate the UL grant. The DCI carrying the UL grant is not transmitted immediately since the PDCCH transmission needs some time alignment to comply with configured PDCCH periodicity and bitmap. Therefore, the SR transmission and decoding procedure will clearly affect the overall UL latency.
[bookmark: _GoBack]Using the parameters and assumptions given in Table 2 in Appendix A, we show in that Figure 2 UL latency is higher than DL latency and this is due to the UL control aspects fully dependent on the SR-based UL-SCH operation. As the processing delays and the transmission procedures are not the same in UL and DL this leads to concluding that the overall latencies in UL and DL are not symmetric and the assumption of symmetric latency for UL and DL is invalid. Therefore, Different techniques could be envisaged to handle each link differently to improve its latency.
Observation 3: The incurred latency in UL transmission is higher than that for DL transmission.

 
[bookmark: _Ref506393823]Figure 2: DL/UL transmission latency.
Therefore, one possible approach to reduce the latency in UL is to have more frequent PDCCH monitoring occasions to meet the latency requirement and compensate for the additional delay caused by the scheduling request procedure. There is however no current mechanism to differentiate between PDCCH monitoring occasions to target UL or DL traffic during the monitoring and the decoding of the control channels.
One possible proposal, instead of permanently increasing the PDCCH monitoring occasions, it is possible to define an additional PDCCH monitoring configuration that is used only when there is UL data to be transmitted. Hence, the UE could be configured with a secondary PDCCH monitoring configuration (or secondary Search Space) that is monitored at certain period of times based on specific triggers (e.g. SR transmission) as shown in Figure 3.
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[bookmark: _Ref528952334]Figure 3: Secondary PDCCH monitoring configuration triggered by SR.
For example, based on the parameters and assumptions in Table 2, latency analysis for UL and DL is established in Figure 4  for various PDCCH monitoring configurations. To meet the latency requirement, one possible PDCCH monitoring adaptation based on the SR is:
· Default Configuration: PDCCH monitoring configuration with 4 OS periodicity, 
· Secondary Configuration: PDCCH monitoring configuration with 2 OS periodicity (applied when there is SR).

[bookmark: _Ref528953068]Figure 4: UL and DL latencies based on various PDCCH monitoring configurations.
The primary and secondary PDCCH monitoring configurations should be taken into account to restrict the UE blind decoding to maintain it within the reasonable range. The UE blind decoding is controlled by higher layer RRC parameters. The gNB can select the proper settings for secondary PDCCH monitoring configuration to restrict the UE blind decoding. E.g. reduce number of monitored ALs, DCI formats and/or PDCCH candidates when secondary configuration is used.
Proposal 2: The UE is to be configured with two PDCCH monitoring configurations where the secondary configuration has more PDCCH monitoring occasions and it is triggered when the SR is transmitted.
Conclusion
In this contribution, we discussed the UE processing times and enhancements for PDCCH monitoring, and we have the following observations and proposals:
Observation 1: Rel-15 capability#2 for PDSCH processing time is sufficient to meet URLLC requirements.
Observation 2: For small subcarrier spacing (e.g. 15KHz), configured-grant operation to meet URLLC requirements.
Proposal 1: There is no need to introduce new UE processing time for PDSCH processing and PUSCH preparation (N1 & N2) in Rel-16.
Observation 3: The incurred latency in UL transmission is higher than that for DL transmission.
Proposal 2: The UE is to be configured with two PDCCH monitoring configurations where the secondary configuration has more PDCCH monitoring occasions and it is triggered when the SR is transmitted.
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[bookmark: _Ref525545843]Table 2: Assumptions and parameters for UL/DL latency analysis
	SR periodicity
	2 OS

	SR duration
	1 OS

	SR processing
	SR duration

	UE processing
	Rel-15 capability 2

	gNB processing for DL
	N2

	gNB processing for UL
	N1

	COREST duration
	1

	monitoringSymbolsWithinSlot
	[10001000100010]

	PUSCH duration
	2

	PDSCH duration
	2

	SCS
	15kHz
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