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1. Introduction
Based on the outcome documented in the TR [1], a follow-up WI was approved in [2]. The detailed objectives of WI related to processing time reduction without TTI shortening are: 
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]

· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 

· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]

In this contribution, we present the system-level evaluation results investigating the impact of TBS/peak data rate (PDR) restriction on UPT. We model dynamic RTT switching between reduced and legacy processing times to allow unrestricted scheduling of UEs in terms of TBS and data rate (DR).  
2. System-level evaluation setup
The system simulations in this contribution are performed in 3GPP macro scenario. Key simulation parameters are compliant to [3], and are summarized in Appendix A Table A-1. 
We assume that the FTP traffic is transported using TCP, TCP connection with slow start is only called at the first file transmission of the user [4]. In slow start phase, one parameter: 

· UL access delay, which includes the delay for scheduling request, TA, UE processing time capability, reception of UL grant and SR waiting time,
have the most impact on UPT and packet delay as is shown in our previous contributions [5][6]. In this contribution, the impact of RTT reduction and UL access delay (ULAD) dependent on TBS/ peak data rate restriction will be presented. The ULAD is estimated as [image: image2.png]RTT + SR waiting time



 and RTT equals to [image: image4.png]2 x (processing time + TT I op en)
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Table 1 RTT&ULAD as function of Legacy TBS.
	Data rate threshold (DRT)
	DR≥ DRT=75% of Max. PDR
	DR < DRT=75%of Max. PDR

	RTT
	DL HARQ with (n+4) but UL with (n+2) 
	DL & UL HARQ with n+2

	UL access delay


	5 ms with SR periodicity = 1ms & (n+2) is applied for UL RTT due to small size of TCP-ACK
	5 ms with SR periodicity = 1ms


As shown in Table 1, we consider dynamic RTT switching only between two processing times, legacy (n+4) and reduced (n+2). We assume that the TCP-ACK transmitted on PUSCH is typically around 40bytes [7] which is much smaller than DRT. Therefore, the reduced processing time of (n+2) is always assumed for transmission of TCP-ACK. Considering the DL RTT, when schedule data rate is low, the reduced processing timing applies, when data rate grows over date rate threshold (DRT), legacy processing timing applies. 
Data rate (DR) is computed as product of 
· Number of scheduled subcarriers

· Modulation and coding rate of codeword 0 + Modulation and coding rate of codeword 1.
DRT is computed as percentage (75%) of peak data rate (PDR), which is a product of 

· Maximum number of scheduled subcarrier (1200 SC in 20MHz)
· Spectral efficiency in bits per SC (6bits with 64QAM times 0.9 coding date)
· Maximum number of layers (2 layers assumed). 
3. System-level simulation results:
We benchmark different schemes with respect to following performance metric: 
· User Perceived Throughput, corresponding to the averaged throughput of one packet.
where the performance is benchmarked with respect to:
· Reduction of RTT and UL access delay dependent on instantaneous data rate. 
Packet transmission delay, corresponding to the time needed to download one file, is inversely proportional to UPT (e.g., 5% UPT is inversely proportional to the 95% packet transmission delay). Therefore, in this contribution we will concentrate only on UPT.
We simulate the dynamical RTT switching based on instantaneous data rate, where RTT as function of data instantaneous rate is selected according to Table 1. Figure 1 provides SLS FTP results with 500kB file size for cell-edge, cell center (50%), best UE (95%) and mean user perceived throughput (UPT), respectively. The packet arrival rates correspond to resource utilizations of app. 20%, 40% and 60%. It can be observed that along with the reduced RTT (from n+4 to n+2) and its corresponding ULAD reduction (from 9ms to 5ms), performance can be enhanced in all cases. However, dynamic RTT switching between n+4 and n+2 according to DRT with fixed ULAD (5ms) has similar performance as that of static RTT (n+2) along with ULAD = 5ms for cell edge, cell center, 95% and mean UE. It proves that regardless the traffic load and DR dependent RTT variation, it is ULAD (influencing the delay of TCP-ACK) that plays significant role in improving the DL UPT and corresponding latency during TCP slow start. Therefore, when dynamic switching is enabled between reduced and legacy processing times, the restriction on peak data has little impact on latency reduction gains. To summarize, considering the impact of reduction processing time on the ULAD, if scheduling restrictions are introduced for operation of 1ms TTI with reduced processing time, dynamic switching (on a per subframe basis) between reduced and legacy processing time with 1ms TTI should be supported. 
Observation-1: Regardless of the traffic load and DR dependent RTT variation, it is ULAD (influencing the delay of TCP-ACK) that plays significant role in improving the DL UPT and the corresponding latency.
Observation-2 With dynamic switching between legacy and reduced processing time, the TBS/PDR restriction has insignificant impact on latency reduction gain in DL.

Proposal-1: If scheduling restrictions are introduced for operation of 1ms TTI with reduced processing time, support dynamic switching (on a per subframe basis) between reduced and legacy processing time with 1ms TTI.
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Figure 1 UPT with 500kB file size and variable HARQ-ACK timing for legacy TTI
4. Summary

In this paper we studied the impact of processing time reduction on UPT performance according to restriction of data rate variation. Our results clearly indicate, that the TBS/PDR restriction has little impact on benefits of processing time reduction for legacy 1ms TTI length. 

Based on the results presented in this contribution, we have following observations and proposals: 
Observation-1: Regardless of the traffic load and DR dependent RTT variation, it is ULAD (influencing the delay of TCP-ACK) that plays significant role in improving the DL UPT and the corresponding latency.

Observation-2 With dynamic switching between legacy and reduced processing time, the TBS/PDR restriction has insignificant impact on latency reduction gain in DL.

Proposal-1: If scheduling restrictions are introduced for operation of 1ms TTI with reduced processing time, support dynamic switching (on a per subframe basis) between reduced and legacy processing time with 1ms TTI.
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Appendix A: Simulation parameters
TableA-1 Simulation assumptions
	Parameter
	Assumption

	System bandwidth
	20 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Number of UEs per macro sector
	 10 (80% indoor, 20% outdoor) 

	Inter-site distance
	500m

	UE speed
	3 km/h, quasi-static model

	Antenna configuration
	2x2, cross-polarized

	Receiver DL
	LMMSE-IRC

	eNB TX power
	46 dBm

	eNB antenna height
	25 m

	Antenna pattern
	3D

	UE Tx power
	23 dBm

	UE antenna height
	1.5 m

	Channel model
	3D-UMa

	Pathloss model
	UMa, with 3D distance between eNB and UE

	Shadowing
	UMa, with 3D distance between eNB and UE 

	Penetration loss
	Outdoor UEs: 0 dB, Indoor UEs: 20 dB+0.5din

	CSI feedback period
	5 ms

	Feedback mode
	3-1

	CSI report delay
	6 ms

	Channel and interference estimation
	Ideal

	UL access delay
	RTT + 1ms SR period waiting time

	HARQ RTT
	8,4, 8 or 4 TTIs

	SR period waiting time 
	1ms 

	 DRX
	Disabled

	Transport type
	TCP

	TCP ACKs
	Error-free

	Initial TCP Window
	3 x 1500 Bytes (MSS), RFC 5681, section 3.1

	Initial Ssthresh
	45 x 1500 Bytes (MSS)

	Ssthresh
	Dynamic according to RFC 5681, sections 3.1 and 3.2

	FTP file size
	0.5 MB/0.1MB

	User Packet arrival rate λ
	FTP model 3 with packet arrival according to Poisson process:

[0.25, 0.5, 0.75] for 500KB.

	Scheduler
	TD: PF, FD: PF

	Maximum number of scheduled users per TTI
	10 (max)

	L1 overhead
	CRS + PDCCH control region 

	Core network delay
	2 ms

	TTI Length 
	14-symbols

	MCS
	QPSK, 16 QAM, 64 QAM, 256 QAM

	Network synchronization
	Synchronous
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