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1 Introduction

In the RAN1#84bis meeting, a WF [1] on TDD mainly for evaluation was agreed, which defines the deployment scenarios for evaluation, evaluation frame structure sets and co-existence options that can be used for evaluation. Three different sets of frame structure for TDD as below are proposed to be evaluated in [1]:
· Set 1: full flexibility on other subframes

· All downlink subframes which can be configured as MBSFN subframes can be replaced with additional subframe type(s)

· All uplink subframes can be replaced with additional subframe type(s)

· Special subframe can be replaced with additional subframe type(s)

· Set 2: full flexibility only on UL subframes

· All downlink subframes are fixed as downlink subframes

· Special subframes are fixed as special subframes

· All uplink subframes can be replaced with additional subframe type(s)

· Set 3: keep legacy TDD DL/UL configuration

· All downlink subframes are fixed as downlink subframes

· All uplink subframes are fixed as uplink subframes

· Special subframes are fixed as special subframes

Frame structure set 1 and frame structure set 2 can be considered as enhanced frame structure type 2, while frame structure set 3 can be considered as legacy frame structure type 2. The contribution provides the performance evaluation for the enhanced frame structure set 2. Performance evaluation for enhanced frame structure set 1 and legacy frame structure type 2 are provided in our companion contributions [2] [3], and summary of the performance evaluations for latency reduction in TDD is provided in our companion contribution [4].   
2 Enhanced frame structure set 2
As discussed in [5], an additional subframe type with symbol(s) for downlink transmission, GP and symbol(s) for uplink transmission is recommended to be supported for enhanced frame structure type 2. And as defined in [1], for enhanced frame structure set 2, only uplink subframes can be replaced with additional subframes.
One example of the enhanced frame structure set 2 is given as shown in Fig. 1, where the configuration for special subframe is special subframe configuration 8 (DL: GP: UL= 11: 1: 2) and the configuration for additional subframes is 7: 1: 6 (DL: GP: UL).   
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Fig. 1. Example of enhanced frame structure set 2 with 2-symbols TTI length.
Backward compatibility is preserved by the example as shown in Fig. 1 for enhanced frame structure set 2. TDD UL/DL configuration 1 is indicated by SIB1, system information and synchronization signal can be transmitted in subframe #0, #1, #5 and #6, and PUCCH for legacy UEs can be transmitted in subframe #2. PDSCH for legacy UEs can be scheduled at least in subframe #5 and #6 and PUSCH for legacy UEs can be scheduled in subframe #2. 
3 Performance Evaluation
In order to evaluate the performance of shorter TTI from enhanced frame structure set 2, system simulation is performed for this example with the assumptions shown in Appendix A, where macro cell scenario was used and TDD DL/UL configuration including additional subframe configurations are aligned among neighbor cells. Overhead assumptions shown in Table 5 are calculated by taking both control and GP overhead into account.  Since the example of enhanced frame structure set 2 as shown in Fig. 1 is achieved by replacing part of uplink subframes in legacy TDD UL/DL configuration 1 with additional subframe, firstly legacy TDD UL/DL configuration 1 with special subframe configuration 8 (DL: GP: UL= 11: 1: 2) is used to compare with the example of enhanced frame structure set 2. However, the performance comparison is unfair because there is much difference on the ratio of uplink resource to downlink resource between the example of enhanced frame structure set 2 and legacy TDD UL/DL configuration 1. In order to compare under a similar ratio of uplink resource to downlink resource, TDD UL/DL configuration 2 with special subframe configuration 8 (DL: GP: UL= 11: 1: 2) is also used to compare with the example of the enhanced frame structure set 2.    
The gain of user perceived throughput and the user packet delay reduction with 2-symbol TTI from the example of enhanced frame structure set 2 compared to legacy TDD UL/DL configuration 1 is given in Table 1 and Table 2. TCP connection with slow start is not limited at the first FTP packet.  
 Table 1. Performance gain of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI compared to TDD (Legacy TDD configuration 1) with 2-symbol TTI, CN delay = 0ms. 

	
	Gain of Mean UPT
	Reduction of user packet delay
	RU

	2T2R
	3km/h
	45%
	31%
	~43%

	
	
	43%
	31%
	~64%

	
	60km/h
	54%
	34%
	~53%

	
	
	44%
	32%
	~76%

	
	120km/h
	58%
	50%
	~60%

	
	
	46%
	35%
	~79%


Table 2. Performance gain of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI compared to TDD (Legacy TDD configuration 1) with 2-symbol TTI, CN delay = 6ms. 

	
	Gain of Mean UPT
	Reduction of user packet delay
	RU

	2T2R
	3km/h
	41%
	34%
	~50%

	
	
	37%
	26%
	~68%

	
	60km/h
	42%
	27%
	~61%

	
	
	39%
	32%
	~76%

	
	120km/h
	50%
	39%
	~65%

	
	
	39%
	38%
	~81%


From the results shown in Table 1 and Table 2, we can see enhanced frame structure set 2 can achieve performance gain. For example, when the TTI length is 2-symbol for both the example of enhanced frame structure set 2 and the legacy TDD UL/DL configuration 1, up to 58% UPT gain and up to 50% delay reduction can be achieved by the example of the enhanced frame structure set 2 without CN delay, and up to 50% UPT gain and up to 39% delay reduction can be achieved by the example of the enhanced frame structure set 2 with CN delay = 6ms. However, the performance comparison is unfair. Since the example of enhanced frame structure set 2 is achieved by replacing part of uplink subframes in legacy TDD UL/DL configuration 1 with additional subframe, the ratio of the uplink resource to downlink resource becomes much smaller, even smaller than half of that in legacy TDD UL/DL configuration, which means the performance gain for downlink is achieved by sacrificing uplink performance. The performance comparison should be performed under similar ratio of uplink resource to downlink resource.
In order to compare under a similar ratio of uplink resource to downlink resource, legacy TDD UL/DL configuration 2 is also used to compare with the example of the enhanced frame structure set 2 with the results as shown in Table 3 and Table 4. TCP connection with slow start is not limited at the first FTP packet.  
Table 3. Performance gain of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI compared to TDD (Legacy TDD configuration 2) with 2-symbol TTI, CN delay = 0ms. 

	
	Gain of Mean UPT
	Reduction of user packet delay
	RU

	2T2R
	3km/h
	15%
	23%
	~46%

	
	
	8%
	10%
	~65%

	
	60km/h
	13%
	13%
	~53%

	
	
	3%
	5%
	~75%

	
	120km/h
	20%
	31%
	~61%

	
	
	7%
	13%
	~80%


Table 4. Performance gain of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI compared to TDD (Legacy TDD configuration 2) with 2-symbol TTI, CN delay = 6ms. 

	
	Gain of Mean UPT
	Reduction of user packet delay
	RU

	2T2R
	3km/h
	12%
	15%
	~51%

	
	
	12%
	20%
	~70%

	
	60km/h
	11%
	10%
	~61%

	
	
	12%
	21%
	~77%

	
	120km/h
	13%
	21%
	~66%

	
	
	11%
	14%
	~81%


From the results shown in Table 3 and Table 4, we can see enhanced frame structure set 2 can achieve performance gain. For example, when the TTI length is 2-symbol for both the example of enhanced frame structure set 2 and the legacy TDD UL/DL configuration 2, up to 20% UPT gain and up to 31% delay reduction can be achieved by the example of the enhanced frame structure set 2 without CN delay, and up to 13% UPT gain and up to 21% delay reduction can be achieved by the example of the enhanced frame structure set 2 with CN delay = 6ms.
Observation: Significant DL UPT gain and user packet delay reduction can be achieved by enhanced frame structure set 2 with 2-symbol TTI compared to legacy frame structure type 2 with 2-symbol TTI.
· Up to 20% UPT gain and up to 31% user packet delay reduction can be achieved by the enhanced frame structure set 2 with 0ms core network delay, and up to 13% UPT gain and up to 21% user packet delay reduction can be achieved by the enhanced frame structure set 2 with 6ms core network delay. 
As agreed in RAN1#84, the format to report the results is given by [6]. Therefore, the simulation results are shown with the agreed format in Appendix B and Appendix C, where Table 7 to Table 9 in Appendix B correspond to the simulation results for enhanced frame structure set 2 without CN delay, and Table 10 to Table 12 in Appendix C correspond to the simulation results for enhanced frame structure set 2 with 6ms CN delay. The corresponding simulation results for legacy TDD UL/DL configuration 1 and 2 can be seen in Appendix in [3]. 
4 Conclusion

In this contribution, system-level evaluation results for enhanced frame structure set 2 for TDD are provided. Based on the simulation results and the discussion, we can get the following observation.
Observation: Significant DL UPT gain and user packet delay reduction can be achieved by enhanced frame structure set 2 with 2-symbol TTI compared to legacy frame structure type 2 with 2-symbol TTI.
· Up to 20% UPT gain and up to 31% user packet delay reduction can be achieved by the enhanced frame structure set 2 with 0ms core network delay, and up to 13% UPT gain and up to 21% user packet delay reduction can be achieved by the enhanced frame structure set 2 with 6ms core network delay. 
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Appendix A
Table 5. Overhead assumptions.
	
	Enhanced frame structure set 2

	Scheduled UE number per TTI*
	2

	CRS ports
	2

	DMRS ports
	0

	System bandwidth (MHz)
	20

	2 CCE for each user (RE)
	72

	A. Number of PRBs
	100

	B. Number of symbols for GP per radio frame
	5

	C. Number of PDCCH regions per radio frame
	6

	D. RE of GP per PRB

= B * 12
	12*5

	E. RE of CRS outside PDCCH region per PRB
	12*4+8*2+8*3

	F. RE of PDCCH per PRB

= C * 12
	12*6

	G. Number of sPDCCH
	6*4+5*2+4*3

	H. RE of one sPDCCH
	144

	I. Total overhead = 

(D + F) * A + G * H
	28624

	J. Total RE for DL and GP per radio frame
	124800

	K. Overhead ratio =   I / J
	22.94%


Table 6. Simulation Assumptions.
	Parameter
	Values used for evaluation

	Layout
	19 Macro eNBs are used, 3 sectors per site; 

	System bandwidth per carrier 
	20MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	2 symbols; 

	Fast UL Access schemes 
	No

	RS, GP and control signaling overhead for DL in a radio frame 
	Enhanced frame structure (Example 4) with 2-symbol TTI: 22.94%;

	TBS determination 
	Scalable with TTI length as baseline;

	HARQ RTT 
	Related to 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 

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

	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 for FTP model 3 

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

	Traffic model 
	FTP model 3 

File size [500kB] 

RU [40%, 60%] 

	Average CSI report period 
	Enhanced frame structure (Example 4) with 2-symbol TTI: 19TTI;

	CSI report delay 
	6 TTIs

	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.

	UE receiver
	MMSE-IRC; 

	eNB noise figure 
	5dB 

	UL antenna configuration 
	2Rx(eNB), 1Tx(UE) 

	UE noise figure
	9dB

	UE speed
	3km/h, 60km/h, (120km/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
· User perceived throughput (UPT) is the average of all its file throughputs 

· File throughput = file size/time needed to download the file 

· Time needed to download the file starts when the packet is generated, and ends when the last bit of the packet is correctly delivered to the receiver, the network delay (core, transport and internet network delay) is included here 

· User packet delay is the average of all its file delays

· File delay is the time needed to download the file as described above

· Unfinished files are not incorporated in the UPT and user packet delay calculation. 


Appendix B

Table 7. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 3km/h, CN delay= 0ms.

	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	5.7
	2.3

	
	50%
	-
	24.8
	18.4

	
	95%
	-
	53.2
	51.8

	
	Mean
	-
	26.9
	21.4

	DL:
Delay CDF
[s]
	5%
	-
	0.699
	1.736

	
	50%
	-
	0.161
	0.218

	
	95%
	-
	0.075
	0.077

	
	Mean
	-
	0.254
	0.488

	RU
	-
	0.42
	0.63

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.


Table 8. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 60km/h, CN delay= 0ms.
	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	3.9
	1.3

	
	50%
	-
	20.8
	15.2

	
	95%
	-
	52.4
	44.5

	
	Mean
	-
	23.4
	18.1

	DL:
Delay CDF
[s]
	5%
	-
	1.031
	3.147

	
	50%
	-
	0.192
	0.263

	
	95%
	-
	0.076
	0.089

	
	Mean
	-
	0.428
	0.810

	RU
	-
	0.49
	0.75

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.


Table 9. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 120km/h, CN delay= 0ms. 
	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	2.6
	1.0

	
	50%
	-
	18.8
	14.3

	
	95%
	-
	51.4
	42.1

	
	Mean
	-
	21.6
	17.1

	DL:
Delay CDF
[s]
	5%
	-
	1.537
	3.934

	
	50%
	-
	0.213
	0.280

	
	95%
	-
	0.078
	0.095

	
	Mean
	-
	0.460
	0.932

	RU
	-
	0.56
	0.79

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.


Table 10. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 3km/h, CN delay= 6ms.

	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	4.2
	1.7

	
	50%
	-
	16.0
	12.9

	
	95%
	-
	21.3
	21.1

	
	Mean
	-
	14.7
	12.7

	DL:
Delay CDF
[s]
	5%
	-
	0.958
	2.311

	
	50%
	-
	0.250
	0.309

	
	95%
	-
	0.188
	0.190

	
	Mean
	-
	0.384
	0.658

	RU
	-
	0.49
	0.68

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.


Table 11. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 60km/h, CN delay= 6ms.

	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	2.3
	1.1

	
	50%
	-
	13.2
	12.2

	
	95%
	-
	20.9
	20.7

	
	Mean
	-
	12.8
	11.7

	DL:
Delay CDF
[s]
	5%
	-
	1.734
	3.659

	
	50%
	-
	0.302
	0.328

	
	95%
	-
	0.191
	0.193

	
	Mean
	-
	0.582
	0.925

	RU
	-
	0.60
	0.75

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.


Table 12. Performance of enhanced TDD (Enhanced frame structure set 2) with 2-symbol TTI at 120km/h, CN delay= 6ms. 

	Reported parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	Enhanced frame structure set 2
	Enhanced frame structure set 2
	Enhanced frame structure set 2

	DL:
UPT CDF
[Mbps]
	5%
	-
	2.0
	1.1

	
	50%
	-
	12.8
	12.1

	
	95%
	-
	20.8
	20.5

	
	Mean
	-
	12.6
	11.5

	DL:
Delay CDF
[s]
	5%
	-
	2.007
	3.683

	
	50%
	-
	0.312
	0.331

	
	95%
	-
	0.192
	0.195

	
	Mean
	-
	0.627
	0.988

	RU
	-
	0.63
	0.79

	𝜆
	0.25
	0.35
	0.42

	Notes: simulation end time is 30s, TCP connection with slow start is not limited at the first FTP packet.
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