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Introduction
On the enhancement of HARQ and CSI processing timeline for Rel-16 URLLC, the following agreement has been made during RAN1#95 [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 the UE processing time for PDSCH processing and PUSCH preparation (N1 & N2) to investigate the possible enhancements to achieve URLLC requirements. 
Discussion
URLLC requirements have been taken 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 as UE capability-2. 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 are several elements that contribute to the total latency as depicted in Figure 1. 
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[bookmark: _Ref528948047]Figure 1: Latency associated with different channels with a single HARQ transmission.
For UL transmission, configured-grant is the most suitable approach for meeting the URLLC latency requirement for small subcarrier spacing (e.g. 15 kHz) [4]. For, larger subcarrier spacing (e.g. 60 kHz), the current capability#2 for PUSCH preparation time is sufficient to meet the latency requirements in dynamic-grant scheme. 
Observation 1: For small subcarrier spacing (e.g. 15 kHz), configured-grant operation to meet URLLC requirements.

Aggressive UE processing time capability
From Figure 2, the 1 ms latency requirement for DL transmission can be met using PDCCH monitoring periodicity of 4 OS for single shot transmission with SCS =15kHz. This requires at least 3 PDCCH monitoring occasions per slot. 
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[bookmark: _Ref534804268]Figure 2 : DL latencies based on various PDCCH monitoring configurations.
Therefore, the latency requirement can be met for single shot transmission with SCS = 15 kHz but with at least 3 monitoring occasions. To reduce the number of required monitoring occasions to 2 instead of 3, we need 6 or 7 OS PDCCH monitoring periodicity. Obviously, with 6 or 7 OS periodicity, the 1 ms latency requirement is not met unless we attempt to reduce the processing time N1.  
From Figure 3 and Figure 4, it is not feasible to meet the latency requirement with 6 or 7 OS PDCCH monitoring periodicities unless 6 OS periodicity is used with N1 = 1 which is very extreme and very aggressive to support at the UE side. 


[bookmark: _GoBack][image: ]
[bookmark: _Ref534807330]Figure 3 : DL latencies based on 6 OS PDCCH monitoring periodicity and various values or N1
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[bookmark: _Ref534807298]Figure 4 : DL latencies based on 7 OS PDCCH monitoring periodicity and various values or N1
Observation 2: Reducing the value of N1 doesn’t allow to reduce the number of required PDCCH monitoring occasions. 
Also, one of the objectives of reducing the UE processing times N1/N2 is to accommodate more transmissions within the 1ms budget. For example at SCS = 30 kHz, two transmissions could be currently accommodated using the current Rel-15 capability-2 N1 value (and using the assumptions given in Table 1 and with PDCCH monitoring periodicity of 2 OS). To accommodate a third transmission at SCS = 30 kHz, reducing the value of N1 could be one option to explore. 
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[bookmark: _Ref534883996]Figure 5 :  DL latency for SCS = 30 kHz with various possible values of N1 
The results in Figure 5 show however that reducing N1 from 4.5 OS to 1 OS is still not enough to accommodate 3 transmissions while still meeting the 1ms latency requirement. 
Observation 3: Reducing aggressively the value of N1 still doesn’t allow to accommodate more DL transmissions for SCS = 30 kHz. 
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[bookmark: _Ref534984585][bookmark: _Ref534984581]Figure 6 : UL latency for SCS = 30 kHz with various possible values of N2
For UL grant-based transmission (using the assumptions given in Table 1 and with PDCCH monitoring periodicity of 4 OS) reducing the UE N2 capability by 1 symbol as shown in Figure 6 is still not enough to accommodate two transmissions within the 1ms budget. N2 needs to be reduced by 4.5 symbols to be able to pass the 1ms latency requirement while accommodating two transmissions at SCS = 30 kHz which is not at all feasible from UE implementation perspective. 
Observation 4: Reducing aggressively the value of N2 still doesn’t allow to accommodate more UL transmissions for SCS = 30 kHz. 
Proposal 1: There is no benefit in introducing new UE processing times for PDSCH processing and PUSCH preparation (N1 & N2) in Rel-16.
Conclusion
In this contribution, we discussed the UE processing times and we have the following observations and proposals:
Observation 1: For small subcarrier spacing (e.g. 15 kHz), configured-grant operation to meet URLLC requirements.
Observation 2: Reducing the value of N1 doesn’t allow to reduce the number of required PDCCH monitoring occasions. 
Observation 3: Reducing aggressively the value of N1 still doesn’t allow to accommodate more DL transmissions for SCS = 30 kHz. 
Observation 4: Reducing aggressively the value of N2 still doesn’t allow to accommodate more UL transmissions for SCS = 30 kHz. 
Proposal 1: There is no need to introduce new UE processing time for PDSCH processing and PUSCH preparation (N1 & N2) in Rel-16.

References
[1] [bookmark: _Ref534894790][bookmark: _Ref481672677]RAN1 #95 chairman notes
[2] [bookmark: _Ref484783556][bookmark: _Ref485328467]RP-181477, “New SID on Physical Layer Enhancements for NR URLLC”, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, TSG-RAN#80, June, 2018.
[3] [bookmark: _Ref525920093]R1-1812375 “Evaluation and enhancement of NR PUCCH”, MediaTek, RAN1#95, Spokane, USA, 2018.
[4] [bookmark: _Ref528951969]R1-1812379 “Study and evaluation of configured-grant enhancements for URLLC”, MediaTek, RAN1#95, Spokane, USA, 2018.






[bookmark: _Ref521334897][bookmark: _Ref528952063]Appendix A
[bookmark: _Ref525545843][bookmark: _Ref534882804]Table 1: Assumptions and parameters for UL/DL latency analysis
	UE processing
	Rel-15 capability 2

	gNB processing for DL
	N2

	gNB processing for UL
	N1

	PUCCH Duration
	2 OS

	gNB decodes HARQ-ACK
	PUCCH duration

	COREST duration
	1

	PDSCH duration
	2

	N1 {15kHz, 30kHz, 60kHz}
	{ 3, 4.5 , 9 }

	N2 {15kHz, 30kHz, 60kHz}
	{ 5, 5.5 , 11 }

	SR periodicity
	2 OS

	SR duration
	1 OS

	SR processing
	SR duration
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