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1 Introduction
In RAN#67, the study of LTE network latency reduction of LTE was approved [1].  In this study item, an enhanced frame structure for latency reduction in TDD was discussed and significant DL latency reduction was observed with new special subframe type [2]. In this contribution, the performance evaluation for the enhanced frame structure is provided. 
2 Discussion
In this contribution, we study the fixed UL-DL configuration for both legacy frame structure as well as the enhanced frame structure. Specifically, in the simulated macro cell deployment, all the cells use the same DL/UL configuration such that no cross-link interference needs to be considered. In order to maintain backward compatibility, only UL subframes according to the SIB-1 UL-DL configuration can be changed to the new special subframe type. Furthermore, in this evaluation, only the performance of shorten TTI capable UEs are studied, which is the same as in FDD shorten TTI simulations. 
Simulation assumptions
In the simulation, the DL UPT performance of following cases are compared for TDD enhanced frame structure, which have similar number or DL resources. The FTP file size of 100kbits with different loading factors is simulated. In all the simulations, we assume that the guard period in a special subframe is at least 2 OFDM symbol. The DL processing time are linearly scaled down according to the TTI length compared to the 1ms TTI case. The simulated cases are summarized as the following table and further explained in the following paragraphs.
Table 1 Summary of the simulated cases

	Simulated cases
	SIB-1 UL-DL configurations
	Special subframe type
	DL TTI length
	% of DL resources within a 10ms

	Case 1
	#1
	Legacy special subframe  configuration 9
(Dw:GP:UP=6:6:2)
	14 symbols
	~50%

	Case 2
	#0
	New special subframe type in SF#1,3,4,6,8,9

(Dw:GP:Up=6:2:6)
	7 symbols
	

	Case 3
	#1
	New special subframe type in SF#1,6

(Dw:GP:Up=6:2:6)
	7 symbols
	

	Case 4
	#0
	New special subframe type in SF#1,3,4,6,8,9

(Dw:GP:Up=6:2:6)
	2 symbols
	

	Case 5
	#1
	New special subframe type in SF#1,6

(Dw:GP:Up=6:2:6)
	2 symbols
	


· Case 1: Existing SIB-1 TDD UL/DL configuration 1 with existing special subframe configuration where no UL data or control in UpPTS. In this case TTI length is 14 symbols, therefore can be considered as an baseline performance benchmark. The UL-DL subframe configuration is shown in figure 1 below.
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Figure 1: Illustration of case 1

· Case 2: SIB-1 TDD UL/DL configuration 0, TTI length of 7 symbols, UL subframe #3/4/7/8 is used as special subframes, as shown in figure 2 below. In the special subframe, both UL control and data can be transmitted in UpPTS. In this case, legacy UEs follows the SIB-1 configuration #0 such that the new special subframe in #3,4,7,8 does not cause backward compatibility issue. In addition, the subframe #1, 6 are also changed to new special subframes. In this case, the total DL resources are equivalent to the existing DL-UL configuration #1, i.e. in case 1.
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Figure 2: Illustration of case 2
· Case 3: SIB-1 TDD UL/DL configuration 1 with TTI length of 7 symbols. Subframes #1, 6 are changed to new special subframe type. 
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Figure 3: Illustration of case 3
· Case 4: SIB-1 TDD UL/DL configuration 0 with TTI length of 2 symbols, UL subframe #3/4/7/8 and special subframe #1/6 are changed to new special subframe type. The illustration of case 4 is shown in figure 4 below.
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Figure 4: Illustration of case 4
· Case 5: SIB-1 TDD UL/DL configuration 1 with TTI length of 2 symbols, and special subframes #1/6 are changed to new special subframe type. The illustration of case 5 is shown in figure 5 below.
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Figure 5: Illustration of case 5
In further detail, the following parameters and conditions are assumed in the simulation:
· In all the simulations, it is assumed 2 symbol used for legacy PDCCH region
· TBS is scalable with TTI length in the simulation:

· The scaling factor 0.5 is used for 7-symbol TTI and the scaling factor 0.1667 is used for 2-symbol TTI;
· For special subframe #1 and #6 in case 1~3, the existing scaling factor 0.375 is used, which is the same with current definition in LTE for 6-symbol downlink TTI in special subframe;

· For case 4 and case 5, there is no data transmission in the first downlink TTI in a subframe since it is assumed 2 symbols are reserved for legacy PDCCH transmission;

· There is no need for legacy PDCCH region reservation for new special subframe #3/4/8/9 in case 2 and case 4, hence, the scaling factor for new special subframe #3/4/8/9 in case 2 is 0.5 and the first TTI in new special subframe #3/4/8/9 in case 4 are used for data transmission.
· For UL access delay, it includes the time waiting for SR transmission opportunity and the time from SR to UL grant to PUSCH. It is assumed that SR resource is always available in each UL TTI. The time from SR to UL grant to PUSCH is computed in each UL TTI and the average value is used. Then, the UL access delay for case 1~5 are approximately 12*14 symbols, 11*7 symbols, 11*7 symbols, 13*2 symbols and 32*2 symbols respectively.
The other detailed simulation parameters are listed in the Appendix. 
Simulation results
The simulation results for low and high load cases are shown in table 2 and 3.
Table 2: System evaluation results for 100kbits file size in low load
	Reported
	Low load

	parameters
	RU range for legacy TTI: 10%~25%

	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	DL:
	5%
	1.234
	1.549
	1.549
	1.723
	1.527

	UPT
	50%
	1.999
	3.220
	3.221
	4.680
	3.758

	CDF
	95%
	2.379
	4.867
	4.867
	9.426
	6.128

	[Mbps]
	Mean
	1.916
	3.254
	3.285
	4.976
	3.760

	DL:
	5%
	0.042
	0.021
	0.021
	0.011
	0.016

	Delay
	50%
	0.050
	0.033
	0.031
	0.021
	0.027

	CDF
	95%
	0.080
	0.071
	0.063
	0.057
	0.065

	[s]
	Mean
	0.054
	0.038
	0.035
	0.026
	0.032

	RU
	16.53%
	14.54%
	14.49%
	12.27%
	11.56%


Table 3: System evaluation results for 100kbits file size in high load
	Reported
	High load

	parameters
	RU range for legacy TTI: above 55%

	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	DL:
	5%
	0.485
	0.424
	0.426
	0.396
	0.391

	UPT
	50%
	1.250
	1.398
	1.398
	1.308
	1.221

	CDF
	95%
	2.220
	3.838
	3.839
	5.634
	4.480

	[Mbps]
	Mean
	1.282
	1.680
	1.687
	1.894
	1.625

	DL:
	5%
	0.045
	0.026
	0.026
	0.018
	0.022

	Delay
	50%
	0.080
	0.072
	0.072
	0.077
	0.082

	CDF
	95%
	0.206
	0.236
	0.235
	0.253
	0.256

	[s]
	Mean
	0.097
	0.094
	0.094
	0.099
	0.104

	RU
	92.49%
	80.83%
	80.87%
	70.01%
	65.65%


For the convenience of observation, the user perceived throughputs given in the table above are depicted in the figure below:
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Figure 1 User perceived throughput in low load
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Figure 2 User perceived throughput in high load
From the simulation results, the followings can be observed for the enhanced frame structure in TDD:
· For FS2, both 7-symbol TTI and 2-symbol TTI can provide significant throughput gain compared with 14-symbol TTI either with or without frame structure enhancement (i.e. new DL/UL switching point and new special subframe type)
· For 2-symbol TTI, significant UPT gain can be observed by enhanced frame structure, compared to the existing frame structure.  
Based on the observations given above, we have the following proposal:

Observation: Significant UPT gain can be provided by TTI shortening in TDD. 
Proposal: Following enhancements to the existing frame structure 2 should be supported to improve the latency performance for TDD
· Having more DL-UL switching points within each radio frame
· Using an additional subframe type where both DL and UL parts can be utilized for data transmissions.
3 Conclusion
In this contribution, we show our system-level simulation results for the enhanced frame structure in TDD, following observation/proposals are made:

Observation: Significant UPT gain can be provided by TTI shortening in TDD. 
Proposal: Following enhancements to the existing frame structure 2 should be supported to improve the latency performance for TDD
· Having more DL-UL switching points within each radio frame
· Using an additional subframe type where both DL and UL parts can be utilized for data transmissions.
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5 Appendix
Table 3: RS overhead of different TTI lengths
	TTI Length
(OFDM symbols)
	Assumption
	RS Overhead

	14
	2 CRS antenna ports and 2 DMRS antenna ports 
	16.67%

	7
	2 CRS antenna ports and 10 DMRS REs per PRB
	15.48%

	2
	2 CRS antenna ports and 24 DMRS REs per PRB
	23.81%


Table 4: Control overhead of different TTI lengths
	TTI Length
(OFDM symbols)
	CCE number per TTI
	RB number per CCE
	RB number
per TTI
	Control Overhead
	Total Overhead

	14
	27
	
	
	14.29%
	28.57%

	7
	16
	0.5
	8
	28.00%
	39.00%

	2
	6
	1.5
	9
	29.71%
	47.29%


Table 5: Parameters used in the simulation
	Parameter 
	Assumptions 

	Layout 
	7 Macro eNBs, 3 sectors per site;

	System bandwidth per carrier 
	10MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	14/7/2 symbols

	RS and control signaling overhead 
	As given in table 1 and table 2

	TBS determination 
	Scalable with TTI length

	HARQ RTT 
	Scalable with TTI length

	Scheduler 
	Proportional fairness 

	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 

	Penetration 
	For outdoor UEs:0dB 

	
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link) 

	Shadowing 
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance 

	Antenna pattern 
	3D, referring to TR36.819 

	Antenna Height: 
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 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 

	Antenna configuration 
	2Tx(eNB), 2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell 

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. 

	Traffic model 
	FTP model 2
File size [100kbits] 

	CSI report period 
	5 ms between two consecutive reports 

	TCP models
	TCP Reno model (RFC 2581)
 - SSThresh 65535 Bytes
 - Initial window size 1460 Bytes
 - Max segment size 1460 Bytes
40 Bytes TCP header are added to the initial window size and max segment size
The three way handshake is not modeled as baseline.
In our simulation, TCP Reno model is constructed as below:

· Number of TCP packets is doubled after each TCP_ACK

· Number of TCP packets is halved after each TCP_NACK

· 1500 bytes TCP packet = 1460 bytes data + 40 bytes TCP/IP header

· TCP ACK error: 1% on PUSCH feedback

· TCP packet timeout: The duration for TCP packet timeout is scaled down  if TCP packet is received in time, otherwise the duration equals to 100 TTI

	UE receiver
	MMSE-IRC; other UE receiver provided by companies 

	eNB noise figure 
	5dB 

	UE noise figure
	9dB

	UE speed
	3km/h 

	Duplex mode 
	TDD

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	0ms 

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput
Mean, 5%, 50% and 95% user packet delay
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