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1 Introduction
In the RAN2#90 meeting, the performance of short TTI was evaluated and captured in the draft TR 36.881 [1]. As the details of L1 design for short TTI have not been decided, RAN2 considered to evaluate “various loss in L1 data rate due to reduced TTI length (e.g. 10%, 20%, 30%, 50%)” [2]. Furthermore RAN2 is also expecting the evaluations on the system capability, signaling overhead and so on, so as to have a full picture on the overall performance of short TTI. In this contribution, we evaluate the performance of short TTI, in the aspects of the user experience (etc. user perceived throughput) and the resource efficiency (etc. overhead), by considering different TTI duration and various L1 loss. 
2 Discussion
The details of the TBS (Transport Block Size) calculation assumptions for short TTI duration are given in Annex A. The detailed simulation assumptions are given in Annex B. The performance of 1ms TTI duration is the baseline. The L1 loss rate for the 1ms TTI duration is assumed as 8.3%, which is calculated as given in Annex A3.
2.1 UPT
The calculation of average UPT (User Perceived Throughput) is given in [5]. Only the downlink data transmission is considered.
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Figure 1: UPT
As the figure given above, we can see that the shorter TTI duration shows a better performance on UPT. 
Considering the DL data transmission, a shorter TTI duration could have relatively smaller TBS could bring more segments by RLC. However the number of downlink OFDM symbols used for data transmission is similar between different TTI duration, while the L1 overhead loss is the same. Then the time used for the downlink data transmission is similar for different TTI duration. The extra latency caused by more segments is the HARQ reordering delay. Given that the BLER is less than 10%, the extra HARQ reordering delay for segments is not too much. Considering the UL data transmission, as the TCP ACK/NACK packet is relatively small, the RLC segments are hardly caused by TCP ACK packet even through the TBS of short TTI duration is small. The transmission latency for the UL TCP ACK/NACK can be largely reduced, according the UL transmission latency calculation model given in A1.1 of the draft TR 36.881 [1].  Thus the TCP RTT which deceases with the reduction of TTI duration brings a better performance on the slow start process of TCP. 
Observation 1: The UPT increases with the reduction of TTI duration.
2.2 Overhead
2.2.1 Padding 
The padding rate is the total padding bits divided by the total TBS(s) used for data transmission. Only the downlink padding rate is calculated below.
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Figure 2: Padding rate
As the figure given above, the padding rate decreases while the TTI duration decreases. If the TCP segment is large (This is most likely as a larger TCP segment normally increases the user throughput, especially for small FTP files), it is difficult for the network to schedule the TCP segment to fit within a transport block. However with short TTI duration, the eNB can have more granularities on TBS which gives the flexibilities to the eNB to fit the TCP segments and RLC segments into different transport block size.
Observation 2: The padding bits decreases with the reduction of TTI duration.
2.2.2 Total overhead
Only the downlink transmission is considered. The total overhead rate is calculated as follows:

The total overhead rate = (the total TBS(s) used for data transmission – the total transmitted bits of FTP file) / the total TBS(s) used for data transmission.
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Figure 3: Overhead Rate
As the figure given above, the padding rate decreases while the TTI duration decreases. Firstly the shorter TTI duration brings less padding bits. Secondly, the RLC may trigger the RLC retransmission even through the RLC PDU is still being transmitted via the corresponding HARQ process. As the RLC PDU is smaller in shorter TTI, the overhead for the RLC retransmission is less in shorter TTI. 
Observation 3: The overhead decreases with the reduction of TTI duration.
3 Conclusion
In this contribution, by simulating the TCP data transmission, we have the following Observations and Proposals:
Observation 1: The UPT increases with the reduction of TTI duration.
Observation 2: The padding bits decreases with the reduction of TTI duration.
Observation 3: The overhead decreases with the reduction of TTI duration.
Proposal: To capture the simulation results and TBS calculation assumptions in TR 36.881.
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5 Annex A: TBS calculation
5.1 Annex A.1: TBS calculation assumption
The TBS (Transport Block Size) of each short TTI PDSCH is calculated as follows:
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TBSshort: The TBS of short TTI PDSCH 
TBSlegacy: The TBS [4] of legacy PDSCH which uses the same MCS and PRB(s) as the short TTI PDSCH. 
Nshort: The number of REs in short TTI PDSCH per PRB
Nlegacy: The number of REs in legacy PDSCH per PRB
Lshort: The loss rate of PHY layer within the short TTI PDSCH due to the REs not used for data transmission
Llegacy: The loss rate of PHY layer within the legacy PDSCH due to the REs not used for data transmission
5.2 Annex A.2: Resource mapping of short TTI
In Figure 1, the resource map above is the legacy resource mapping per PRB in one subframe [3], considering 2 Antenna ports and 2 OFDM symbols control field. In Figure 1, the resource map below is the short TTI resource mapping, considering 2 OFDM symbols used for the control field in order to ensure the backward compatibility. The detailed RE mapping of short TTI duration for data, control field and reference symbols are not considered. Instead the different loss rates (Llegacy, e.g. 5% - 70%) of the PHY layer in short TTI duration as given in Annex A.1 can be assumed. 
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Figure 4: Resource mapping per PRB in each subframe
5.3 Annex A.3: TBS Calculation of short TTI 
According to the resource mapping given in Annex A.2 and the TBS calculation formula given in Annex A1, the loss rate of PHY layer for legacy PDSCH is calculated as follows:
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For different short TTI duration, The TBS of short TTI PDSCH is calculated as the following table:
Table 1: TBS calculation for different TTI duration
	TTI Duration
	TBS of short TTI PDSCH (TBSshort)

	7 OFDM symbol
	First time slot: 
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	Second time slot: 
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	2 OFDM symbol
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	1 OFDM symbol
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6 Annex B: Simulation Assumptions
The UL transmission latency and the HARQ RTT are based on the assumptions given in A1.1 in the draft TR 36.881 [1].
Simulation assumptions 
	Parameter
	Assumption

	Simulation time
	20s(Ftp model 2)

	TTI duration
	1, 2, 7 OFDM symbol; 1ms (legacy baseline)

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 3 cells per site

	UE distribution
	Random distribution; average number of  UE per cell: 2

	Inter-site distance
	500m

	HARQ RTT
	8TTI

	L1 overhead
	For 1, 2, 7 OFDM symbol: 5%, 10%, 20%, 30%, 50%

	UE mobility
	0 Km/h

	Reserved OFDM symbol
	0, 1 for legacy PDCCH

	One-way CN Delay
	1ms

	Target BLER
	10%

	Downlink scheduler
	Proportional fair in time and frequency

	Antenna configuration
	2 tx , 2 rx (CELL) ; 1 tx, 1 rx (UE) 

	Maximum Tx Power of eNodeB
	46 dBm

	UE power class
	23dBm (200mW)

	Channel model
	Large Fading channel model

	TCP parameters
	Initial TCP window: 1460
MSS: 1460
Ssthresh: 65535

	FTP traffic model
	FTP Traffic Model 2 [3]: 
· File size: 0.5 Mbytes
· Reading Time: Exponential Distribution, Mean = 1s
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