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1. Introduction
The study item “Latency reduction techniques for LTE” [1] was approved in RAN #67. During the the last RAN2#90 meeting, quite a few companies have shown either test cases or simulation resuts on the effect of  latency[4-8]. After the discussions, the following agreements were reached:
	Agreements
1
RAN2 should consider the web application (HTTP/FTP+TCP) use case and analyse the possible gains in the performance metrics of delay and perceived data rate for TCP based data transactions.

2
RAN2 should consider real-time application use case and analyse the possible gains in delay, service coverage and system capacity.

4
Other areas in accordance with the SID may be considered as well

5
Aspects of complexity, energy-consumption, signalling overhead and resource efficiency should be considered.




In addition, the following assumptions were agreed:

	=>
In our evaluations we should consider various loss in L1 data rate due to reduced TTI length (e.g. 10%, 20%; 30%; 50%)
=>
We assume that the UE and eNB processing time (HARQ RTT) scales with the TTI duration. 




In this paper, we analyse and compare the performance impact of Shorter TTI (2 symbols or 7 symbols) and fast uplink grant (called also pre-scheduling/pre-allocation). As a baseline we have the Rel.12 without pre-scheduling (i.e. UE scheduling is based on SR from the UE). 
2. Simulation setup
We conducted system simulations to compare different approaches for latency reduction. The simulations are run in the 3GPP macro scenario, i.e. 3GPP Case 1 macro scenario with 7 sites, 21 cells and wrap-around. For the UEs, we use a quasi-static model with static UE mobility and TU channel model with 3 km/h speed.
The performance evaluation is done for FTP model 1 traffic model [10], where the load is varied by having different UE arrival rates for a fixed 0.5MB filesize: 26.25, 52.5, 78.75, 105 dropped per second to whole network, which translates to an offered load of 5-20 Mbps per cell. In the simulations the FTP traffic is transported using TCP. After the file has been transmitted, the UE is removed from the system (so new files are generated for new users). So it is assumed that each new file transfer starts a new TCP connection with slow start.
Additional L1 and L2 overhead due to the shorter TTI is modeled so that in the reference case (14 symbol TTI) the overhead is assumed to be 20% and we have additional cases with 30%, 40%, 50% overhead. We range several different values as it is not yet clear what would be a realistic assumption here.
Appendix A gives more details of the assumptions and simulation setup used. Section 2.1 presents the simulated schemes and in Section 2.2 we present the performance evaluation results.
2.1 Simulated schemes

· Shorter TTI (7 symbols or 2 symbols)
Shorter TTI approach refers to shortening the TTI length from the currently specified 14 symbols and 1 ms to 7 symbols i.e. 0.5ms, or even going down to a 2 symbol TTI. Having shorter length TTI and high data rates would imply that more PDUs need to be handled with higher L1 and L2 overhead,  which can at least to some degree offset the benefits of the reduced round trip time. 
· Fast UL grant (or pre-scheduling)
As explained in [12], fast uplink grant [2] refers to a solution where UL grant is available before sending SR so that there is no need to go through the same lengthy procedure from SR before data transmission (no regular SR and BSR procedure). In the simulations the UE is assumed to always have resource granted (in practice this would be when the eNB expects some UL data from the UE, e.g. TCP ACK). Fast uplink scheduling can be achieved with protocol enhancements in L2 like in MAC protocol without changing physical layer principles like TTI length. However, it is applicable not only with the current 14 symbol TTI, but also with shorter TTI lengths.
· UL scheduling based on SR (as presented in Figure 1)
SR based UL grant refers to the (baseline) approach of UE sending SR in order to get an UL grant. This scheme was used as a reference for the other cases.
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Figure 1 SR based UL grant procedure
2.2
Simulation results
In the discussion below, we use following terminology:
· ’SR based UL grant’ 
· The eNB schedules UE in UL after receiving an SR.
· Modeling according to Figure 1
· ’Fast UL grant’
· The eNB schedules UE proactively, if there are resources available, when the eNB expects some UL data from the UE (e.g. TCP ACK), thereby avoiding delays in uplink with SR and BSR
· Only UE processing delay 3TTIs
Note1: ‘SR based UL grant’ is used as reference scheme for the ‘Fast UL grant’. In addition, for each of the two schemes, the reference case it is considered to be the 14 symbols TTI length, with 20% overhead, which is denoted as: ‘L1Overhead: ref(20%), TTILengthSymbols: 14’. 
Note2: In this study, 2 symbol TTI is 0.14 ms, 7 symbol TTI is 0.5 ms, and 14 symbol TTI is 1 ms (legacy).
The performance metric used for comparing the different schemes is the user throughput measured over the entire FTP file transfer. This is inversely proportional to the total delay of the file.
A)  Effect of shorter TTI

Performance with 2 and 7 symbol TTI compared to the 14 symbol TTI for different L1 overhead, and core network delay (CN delay) assumptions. The results are presented for SR based UL grant (i.e. without pre-scheduling enhancement).
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From the results, it can be observed that:

· The potential gain from having shorter TTI depends on how much L1/L2 overhead to be assumed, the load of the cell as well as CN delay. Increasing the L1/L2 overhead by 10%-units, the difference between 2 symbols TTI and 7 symbols TTI is visible in low load situation. Increasing the load or the L1/L2 overhead the performance starts to deteriorate with shorter TTI compared to reference case.
B) Comparison of ‘Fast UL grant’ vs. ‘SR based UL grant’
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From the results, it can be observed that:
· Fast UL grant approach can give a significant performance improvement over (legacy) SR based UL grant. This is especially the case when longer SR periodicities are used. The potential enhancement for UE power consumption for fast UL grant is discussed in [12].
· Pre-scheduling seems beneficial with shorter TTI as well.
Similar observations could be seen in Appendix B, where we present additional simulation results showing the comparison between fast UL grant and SR based UL grant for 5%-ile UE throughput.
3. Observations
In this contribution we have discussed the performance impact of shorter TTI (2 symbols or 7 symbols) and fast uplink grant, having as baseline Rel.12 without pre-scheduling (i.e. UE scheduling is based on SR from the UE).
Observation 1: The potential gain from having shorter TTI depends on how much L1/L2 overhead is assumed and the load of the cell.

Observation 2: Fast UL grant solution can give a significant performance improvement over (legacy) SR based UL grant, especially with longer SR periodicities. This holds for shorter TTI as well.
It is proposed to include the simulation results and observations in this contribution into the TR.
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Appendix A Simulation parameters
	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
	According to offered load

	Inter-site distance
	500m

	UE speed
	3 km/h, quasi-static model

	Antenna configuration
	1x2 MRC

	eNB TX power
	46 dBm

	UE Tx power
	23dBm

	Channel model
	Typical Urban

	Pathloss model
	25.814

	Lognormal shadowing, std. dev.
	8dB

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	SR to grant
	8ms – scaled down with shorter TTI

	HARQ RTT
	8ms – scaled down with shorter TTI

	SR Period 
	Varied 1,5,10,20 ms

	DRX
	OFF

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

	Initial Ssthresh
	150 x 1500 Bytes (MSS)

	Ssthresh
	Dynamic according to RFC 5681 [11], sections 3.1 and 3.2

	FTP file size
	0.5 MB

	User arrival rate λ
	FTP model 1 with UE arrival according to Poisson process [10]

	Scheduler
	TD: PF, FD: PF

	Maximum number of scheduled users per TTI
	10 (max)

	L1 overhead
	Varied (ref (20%), 10, 20, 30 %-units increase in overhead)

	Core network delay
	2ms, 10ms

	Load per macro cell
	5, 10, 15, 20 Mbps

	TTI Length 
	Varied (2symbols, 7 symbols, 14 symbols)


Appendix B Additional simulation results showing the comparison between Fast UL grant and SR based UL grant for 5%-ile UE throughput 

5%-ile UE throughput
Comparison of ‘Fast UL grant’ vs. ‘SR based UL grant’
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