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1. Introduction
In RAN#67 meeting, a new SI “Study on Latency reduction techniques for LTE” was approved. According to the SID [1], the following aspect should be studied in RAN1: 
· From RAN1#83: TTI shortening and reduced processing times [RAN1]:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In RAN2 research, potential performance improvement by reduced processing time and improving TCP throughput due to latency reduction has been studied and evaluated [2]. In this contribution, we mainly discuss the evaluation methodologies for latency reduction in RAN1. 
2. Discussion
2.1. Evaluation aspects
As stated in SID, TTI shortening and reduced processing times should be studied in RAN1. In physical layer, the performance impact of any enhancement to reduce the latency should be evaluated. Generally, several aspects can be considered during the evaluation as following:
1. TTI length
To keep the backwards compatibility, the shortened TTI interval should be multiple of one OFDM symbol. Hence, shortened TTI with the granularity of 1 OFDM symbol and 7 OFDM symbol can be evaluated at first stage. In order to compare the performance between normal TTI and shortened TTI, the 14 OFDM symbol TTI of the normal subframe should be considered as the baseline. 
1. L1 overhead
The overhead of reference signals and physical layer control signaling is likely to increase in shortened TTI, which will have impact on system throughput. Thus, the performance of different TTI length shall be compared with reasonable assumption of L1 overhead for each TTI length, where the assumption of L1 overhead for each TTI length can be assumed as below:
1. TTI = one subframe (14 OFDM symbols  as thebaseline)
0. Downlink
0. control overhead: 2 PDCCH OFDM symbols
0. RS Overhead: 2 CRS antenna ports
0. Uplink
1. control overhead: 4 PRB pairs for PUCCH
1. RS Overhead: 2 DMRS OFDM symbols
 
1. TTI = one slot (7 OFDM symbols)
1. Downlink
0. Control overhead :
0. First slot of a subframe: 2 PDCCH OFDM symbols and 2 EPDCCH PRB
0. Second slot of a subframe: 2 EPDCCH PRB
0. RS overhead : 2 CRS antenna ports
1. Uplink
1. control overhead: 4 PRB for PUCCH
1. RS Overhead: 4 REs per PRB for RS
 
1. TTI = 1 OFDM symbol
2. Downlink
0. Control overhead: 2 OFDM symbols should be reserved for legacy control region, 2 CCEs (72  REs) for control channel in each TTI
0. RS overhead:  2 CRS antenna ports should be reserved, 2 REs per 12 REs for RS
2. Uplink
1. control overhead: 72 REs for PUCCH Format 4.
1. RS Overhead: 2 REs per 12 REs for RS

According to the assumptions given above, the L1 overhead for 14/7/1 OFDM symbol TTI in downlink is about 21%, 24% and 40% respectively and in uplink is about 21%, 12% and 27% respectively in 10MHz bandwidth if they are transmitted on all slots for or symbols. In the evaluation, the overhead can be reflected by scaling down the TBS accordingly during scheduling.
1. HARQ RTT
For shortened TTI, it can be assumed that the processing and feedback times are scaled with TTI duration. E.g. HARQ RTT for FDD can be 8TTI which includes 4TTI for HARQ feedback and 4TTI for retransmission processing. In addition, further reduction of HARQ RTT to 6 or 4 TTI can also be considered in the evaluation.

In addition to the physical layer enhancement, the following aspects which may have impact on the performance of latency reduction should also be considered in the evaluation. 
1. FTP download file size
For FTP download application, since the improvement on the file download time brought by latency reduction would mainly on the TCP slow start phase, the improvement would be different and depend on the proportion of TCP slow start phase in the whole file download time. Since RAN1 would not model the  exact TCP behavior, such as slow start, the stochastic FTP-1 traffic model with download file size 0.5 Mbytes or 2 Mbytes as defined in 36.814 is used.  In order to emulate the effects of TCP slow starts at the physical layer system simulation, addition constraint, such as the restricted TB size, could be imposed on the scheduler in the beginning of the FTP download and after the CRC failure of a HARQ process in the maximum retransmission.   For simplicity, the restricted TB size could be set as half the maximum TB size to emulate the performance of TCP-Reno version slow start protocol.  HARQ goodput in Uu interface
Besides the FTP download file size, the HARQ goodput in Uu interface  provided to UE (i.e. MCS, PRBs) also brings the impact on the benefit brought in the TCP slow start phase.  The HARQ goodput is the successful transmission of HARQ processes.  A CRC failure in a HARQ process after the maximum retransmission will have the result of triggering higher layer retransmission, such as TCP retransmission.  The number of HARQ CRC failures after maximum retransmission could be used to emulate the reduction of user perceived throughput at higher layer.    Hence, the Uu HARQ goodput should also be considered as an evaluation factor. 
Proposal 1: For the performance evaluation of latency reduction in RAN1, following aspects can be considered:
1. TTI length;
1. L1 overhead;
1. HARQ RTT;
1. FTP download file size;
1. HARQ goodput in the Uu interface.
2. Evaluation methodology
In general, the possible gain of shortened TTI in different evaluation aspects should be evaluated. For the service transmission, the whole latency in RAN includes data transmission time (i.e. TTI), RTT, UL access latency (in UL direction, means the period from UL data arrival in UE to data transmission based on the receiving UL grant). Typical FDD delay budget in uplink and downlink is given in Table 1 and Table 2 respectively. In the evaluation, the delay components as given can be included in the evaluation.
Meanwhile, FTP download application can be used in evaluation, and Downloading Response Time (DRT, sec) can be regarded as the metric of performance evaluation. Wherein, DRT includes the time period from UE requesting FTP service to finishing downloading successfully.

[bookmark: _Ref434395130]Table 1 FDD UL delay budget
	Component
	Description
	Time

	1
	Average waiting time for PUCCH
	SR periodicity/2

	2
	UE sends Scheduling Request (SR) on PUCCH
	1 * TTI

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3 * TTI

	4
	Transmission of Scheduling Grant
	1 * TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * TTI

	6
	Transmission of UL data
	(1 + p*8) TTI where p is initial BLER

	7
	Data decoding and processing in eNodeB
	3 * TTI



[bookmark: _Ref434395132]Table 2 FDD DL delay budget
	Component
	Description
	Time

	1
	processes incoming data
	3 * TTI

	2
	TTI alignment
	0.5 * TTI

	3
	Transmission of DL data
	(1 + p*8) TTI where p is initial BLER

	4
	Data decoding in UE
	3 * TTI



Proposal 2: The possible gains of shortened TTI in different evaluation aspects should be evaluated with typical FDD delay budget given in Table 1 and Table 2.

The deployment scenario is similar to small cell enhancement scenario 2a in the following table.

	
	Macro cell
	Small cell

	Layout
	
 7 Macro eNBs with 3 cells (sectors) at each eNB
	Small cells random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm,

	Distance-dependent path loss
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE

	ITU Umi [referring to Table B.1.2.1-4 in TR36.814] with 3D distance between an eNB and a UE 

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din 
	For outdoor UEs:0dB
For indoor UEs: 23dB+0.5din (

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance
	ITU UMi[referring to Table B.1.2.1-1 in TR36.814] with 3D distance for shadowing correlation distance

	Antenna pattern
	3D,  referring to TR36.819
	3D referring to TR36.819

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of small cells per Macro cell
	10

	Number of UEs 
	60 UEs per macro cell geographical area are recommended

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814 

0.5Mbytes file size.


	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Baseline is synchronized; 

	Backhaul assumptions
	• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
         -The latency values of {0ms, 2ms,10ms} are recommended for evaluation.

	Performance metrics
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
Note: performances should be evaluated for users in all area and for users served by small cells.



3. Conclusion
In this contribution, the evaluation methodologies for latency reduction were discussed and the following proposals are given:
Proposal 1: For the performance evaluation of latency reduction in RAN1, following aspects can be considered:
1. TTI length;
1. L1 overhead;
1. HARQ RTT;
1. FTP download file size;
1. Throughput in Uu interface.
[bookmark: _GoBack]Proposal 2: The possible gains of shortened TTI in different evaluation aspects should be evaluated with typical FDD delay budget given in Table 1 and Table 2.
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