Page 1
3GPP TSG-RAN WG1 #92Bis	R1-1804821
April 16 – April 20, 2018
Sanya, China

[bookmark: Source]Agenda item:	7.2.5
Source: 	Qualcomm Incorporated
Title: 	Impact of UE processing timeline on the URLLC performance
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
Ultra-reliable and low latency communications (URLLC) have stringent system-level reliability (e.g., 1e-5) and hard latency (e.g., 1ms) requirements. In general, ultra-high reliability can be achieved via non-slot-based multiple HARQ retransmissions, but the retransmissions must finish within the allowed latency requirement. Otherwise, the URLLC data misses its deadline and can be discarded, resulting in the loss of reliability.
In this contribution, we study different UE processing timelines and their impact on the URLLC performance through system-level simulations.
UE processing timelines
We consider an FDD system with subcarrier spacing of 30kHz and one minislot is two OFDM symbols. Five UE processing timelines are given below from very aggressive to relaxed ones.
· Round-trip time is 3 minislots, UE processing time N1 is 2 symbols 

[image: ]

· Round-trip time is 4 minislots, UE processing time N1 is 2 symbols
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· Round-trip time is 5 minislots, UE processing time N1 is 2 symbols
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· Round-trip time is 6 minislots, UE processing time N1 is 4 symbols
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· Round-trip time is 8 minislots, UE processing time N1 is 6 symbols
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System-level simulation results
Figure 1 shows the URLLC outage capacity under different HARQ RTT values and UE processing times N1 as described in Section 2 (the system-level simulation assumptions are given in Section 5). Under the 1ms latency requirement, the URLLC is degraded gracefully when the RTT is increased from 3 to 6 minislots with UE processing time N1 ranging between 2 and 4 symbols. The URLLC capacity degrades significantly when the RTT is increased to 8 minislots with UE processing time N1 being 6 symbols. Note the following relationship:
Table I: Relationship between RTT, TTI, UE processing time, and maximum number of HARQ transmissions with 1ms delay requirement.
	RTT
(in TTI)
	TTI (symbols)
	UE processing
(TTI)
	UE processing
(symbol)
	# of HARQ DL transmissions within 1ms (SCS 30KHz)

	3
	2
	1
	2
	4

	4
	2
	1
	2
	3

	5
	2
	1(.5)
	3
	3

	6
	2
	2
	4
	2

	8
	2
	3
	6
	2
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Figure 1. The URLLC outage capacity under different UE processing times and HART RTT durations.
Note that, the UE processing timeline delay is also accounted for in the last HARQ transmission. It should also be noted that, this estimate of L1-to-L1 delay can still be optimistic not accounting for any delay after data channel decoding to shipping the hard decision bits to RLC/PDCP layer, data parsing and assembly, etc. to give additional margin, if we consider delay around 800~900us latency bound, then RTT = 4~5TTI corresponding to 2~3-symbol UE processing time is necessary to maintain the URLLC capacity. In any case, even with 1ms latency in this sim results, RTT = 8TTI, which is LTE baseline, is absolutely unacceptable due to the extremely low URLLC capacity. The reason being, for RTT = 8TTI, 
Time for allow 2 transmissions being = 8 (RTT) + 1 (TTI) + 1 (scheduling alignment) + 3 (UE processing) = 13 TTIs = 26 symbols.
[bookmark: _GoBack]It is easy to see that, this only leaves 1TTI margin for queueing, which results in very low capacity, when RTT = 6 TTIs and UE processing is 2 TTIs, there is 4 TTIs margin for queueing, which is sufficient assuming 2 transmissions can achieve the reliability requirement.
Observation 1: In FDD DL, the URLLC outage capacity degrades gracefully when the RTT is between 3 and 6 minislots with UE processing time N1 ranging between 2 and 4 OFDM symbols. The URLLC outage capacity degrades significantly when the RTT is increased to 8 minislots with UE processing time N1 being 6 symbols.
Proposal 1: For non-slot-based scheduling, NR should consider the aggressive UE processing times N1 ranging between 2 and 4 OFDM symbols, in order to provide meaningful URLLC performance.
gNB processing times
In Figure 1, the outage system capacity of the URLLC services improves with relaxed delay requirements because more HARQ transmission opportunities are available to meet the reliability requirement with efficient use of system resources. While UE processing timelines are discussed in Sections 2 and 3, it is equally important to decrease the gNB processing delay N3 for DL data transmissions, as well as the processing time of decoding UL transmissions and preparing for ACK/NACK, so as to enable more HARQ opportunities for a given delay requirement.
Proposal 2: For URLLC services, the gNB processing delay N3 in case of DL data transmissions as well as the processing time of decoding UL data and the ACK/NACK preparation in case of UL data transmissions should be studied to improve the system performance of URLLC.
 Conclusion
Observation 1: In FDD DL, the URLLC outage capacity degrades gracefully when the RTT is between 3 and 6 minislots with UE processing time N1 ranging between 2 and 4 OFDM symbols. The URLLC outage capacity degrades significantly when the RTT is increased to 8 minislots with UE processing time N1 being 6 symbols.
Proposal 1: For non-slot-based scheduling, NR should consider the aggressive UE processing times N1 ranging between 2 and 4 OFDM symbols, in order to provide meaningful URLLC performance.
Proposal 2: For URLLC services, the gNB processing delay N3 in case of DL data transmissions as well as the processing time of decoding UL data and the ACK/NACK preparation in case of UL data transmissions should be studied to improve the system performance of URLLC.
System-level simulation assumptions
	Parameters
	Urban Macro

	Layout
	Single macro layer. Hex. Grid, 21 cells wrap around

	Inter-BS distance
	200m

	Carrier frequency
	2GHz

	System bandwidth
	20MHz (FDD DL)

	Channel model
	3D UMa

	Transmission power
	BS: 46dBm

	Antenna config
	2 Tx / 2 Rx (X-pol)

	BS antenna height
	35m

	BS antenna element gain+connector loss
	8dBi

	BS/UE receiver noise figure
	5/9 dB

	Traffic model
	eMBB: full-buffer. URLLC: Poisson with 32-byte packets (FTP3)

	UE distribution
	22 URLLC UEs in the serving cell. Uniformly random drop in a cell with 80% indoor and 20% outdoor. 20 eMBB neighboring cells, each has one eMBB UE.

	Scheduling algorithm
	URLLC: delay-based subband 2x2 SU-MIMO

	Tone spacing/cyclic prefix
	30KHz/NCP

	HARQ
	Incremental redundancy

	Target reliability
	Tx missed deadline + Rx HARQ failure <= 1e-4

	Hard latency bound
	1ms

	Channel estimation
	Incorporated in link-curves

	Control
	Overhead is not shown in capacity analysis
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