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1 Introduction

In the RAN#67 meeting, a new SI [1] on latency reduction for LTE was approved. Both FDD and TDD duplex modes are considered [1]. As described in [2], latency reduction can be achieved by the following physical layer techniques:

· shorter TTI

· reduced processing time in implementation

· new frame structure of TDD

The contribution focuses on latency reduction in TDD, and firstly discusses the necessity of new frame structure for latency reduction in TDD, then discusses possible new frame structure for TDD. Backward compatibility and potential specification impact based on new frame structure for TDD are also discussed.  
2 Discussion 
2.1 Necessity of new frame structure for TDD 
The latency is determined by several factors with two of them related to frame structure, frame alignment and HARQ RTT [3]. Under a certain TTI length, the frame alignment and HARQ RTT for TDD is longer than that for FDD, because both data and control suffer from additional time due to the UL/DL configurations. For example, based on the existing frame structure, PUSCH can be transmitted only in uplink subframe, thus the delay for an available UL packet will depend on when the next uplink subframe occurs, which will have impact on the frame alignment in UL. Uplink subframe occurs in every subframe for FDD, while the uplink subframe(s) in a radio frame for TDD depends on the TDD UL/DL configurations. 

The FDD frame structure can enable that the latency is reduced linearly proportional to the reduced TTI. That is high requirement on latency can be met if the TTI length is short enough. However, the existing frame structure for TDD cannot achieve it. Though the TTI can be smaller than the 1ms subframe duration, uplink transmission is still only possible in uplink subframe and downlink transmission is still only possible in downlink subframe and DwPTS, which results in that HARQ RTT and frame alignment cannot be reduced linearly proportional to the reduced TTI and are limited for a certain UL/DL configuration. Therefore, even with shorter TTI and reduced processing time, the U-plane latency in TDD with the existing frame structure is much worse than that in FDD, and is limited for a certain UL/DL configuration even though the TTI length is very short. An example of the average U-plane latency for FDD and TDD with existing frame structure is shown in Table 1. Details for the calculation of the U-plane latency are shown in Table 6 to Table 8 in Appendix A.  
Table 1. Example of average U-plane latency for FDD and TDD with existing frame structure.   
	TTI length
	　
	FDD 
	LTE TDD 

(config1 DSUUD) 
	LTE TDD
(config2 DSUDD)  

	1ms (legacy) 
	UL 
	4.8ms 
	6.2ms 
	7ms 

	
	DL 
	4.8ms 
	5.62ms 
	5.18ms 

	0.5ms TTI 
	UL 
	2.4ms 
	3.49ms 
	4.28ms

	
	DL 
	2.4ms 
	2.93ms 
	2.71ms

	4/3 OS TTI 
	UL 
	1.2ms 
	2.40ms 
	3.2ms 

	
	DL 
	1.2ms 
	1.8ms 
	1.45ms 

	2 OS TTI 
	UL 
	0.69ms 
	1.9ms 
	2.69ms 

	
	DL 
	0.69ms 
	1.43ms 
	1.03ms 

	1 OS TTI 
	UL 
	0.34ms 
	1.61ms 
	2.37ms 

	
	DL 
	0.34ms 
	1.12ms 
	0.74ms 


From the results shown in Table 1, we can see that the latency in TDD is much worse than that in FDD, especially in UL.  And the ratio of the latency in TDD to that in FDD gets bigger when the TTI length gets shorter. For example, the latency in UL of TDD UL/DL configuration 1 is about 1.3 times and 4.7 times that of FDD when the TTI length is 1ms and 1 symbol, respectively. In addition, we can see that when the TTI is very short, the latency in FDD can be very low, e.g. lower than 1ms when the TTI length is 2 symbols or 1 symbol. However, for TDD, even when the TTI length is 2 symbols or 1 symbol, the latency is still very high, e.g. higher than 2ms in UL for TDD configuration 2. Based on the existing TDD frame structure, it can be expected that either UL or DL will suffer from much worse latency performance than that in FDD.     
Latency is one of the important performance metrics and low-latency services would be more and more important for communication system. TDD should aim to meet high requirements as much as possible, which can protect the legacy investment from operators. Therefore, it is necessary to enable low latency in TDD, and the latency in TDD should be close to that in FDD as much as possible. The frame structure for TDD should be enhanced to achieve it. 
Proposal 1: Average U-plane latency with a shorter TTI in TDD should be close to that in FDD as much as possible. 
2.2 Possible new frame structure for TDD 
From latency perspective, the big problem for the existing TDD frame structure is that uplink transmission is impossible in subframes reserved for downlink and downlink transmission is impossible in subframes reserved for uplink. An alternative to solve this problem is to introduce the two new subframe types as shown in Fig. 1.   
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Fig. 1. Two new subframe types for enhanced TDD frame structure.
Subframe type 1 is mainly for downlink transmission but also includes a short part for uplink control information and/or PUSCH with short TTI. Subframe type 2 is mainly for uplink transmission but also includes a short part for downlink control and/or PDSCH with short TTI. In addition, SRS can be transmitted in the short part in subframe type 1 also.
Since downlink control and uplink control information can be transmitted in both two new subframe types, it can be expected that the HARQ RTT can be reduced based on the enhanced TDD frame structure. In addition, since PUSCH transmission is possible in subframe type 1 and PDSCH transmission is possible in subframe type 2, frame alignment for both DL and UL can be improved. Therefore, the latency can be further reduced.  

A new TDD frame structure can be composed of subframes including at least one of the above two new subframe types. The GP location in subframe type 1 and subframe type 2 can be adjusted based on the latency requirement. Examples are shown in Fig. 2, where GP configuration 1 can be used for higher requirement on latency in DL and GP configuration 2 can be used for high requirement on latency in both DL and UL.   
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Fig. 2. Examples of enhanced frame structure with different GP locations.
In addition, except for the benefit for latency reduction, a new frame structure can enable fast SRS transmission and fast CQI feedback to get more gain from MIMO, especially from Massive MIMO, because uplink control information and SRS can be transmitted in a subframe type 1 also.
U-plane latency for TDD with new frame structure 
Examples of the average U-plane latency for TDD with new frame structures are shown in Table 2 and Table 3, where new frame structure 1 with GP configuration 1 and new frame structure 2 with GP configuration 2 as shown in Fig. 2 are used for Table 2 and Table 3 respectively. Details for the calculation of the U-plane latency are shown in Table 9 and Table 10 in Appendix A. For comparison, the latency in FDD and LTE TDD UL/DL configuration 1 and 2 are also included. In order to compare under the similar UL/DL configuration, TDD UL/DL configuration 2 is used to compare with new frame structure 1, and TDD UL/DL configuration 1 is used to compare with new frame structure 2.
Table 2. Example of average U-plane latency for TDD with new frame structure 1.   
	TTI length 
	　
	FDD 
	TDD-LTE 

(config2 DSUDD) 
	Enhanced TDD

(GP config 1 as in figure 2)

	4/3 OS TTI 
	UL 
	1.2ms 
	3.2ms 
	1.82ms 

	
	DL 
	1.2ms 
	1.45ms 
	1.41ms 

	2 OS TTI 
	UL 
	0.69ms 
	2.69ms 
	1.29ms 

	
	DL 
	0.69ms 
	1.03ms 
	0.87ms 

	1 OS TTI 
	UL 
	0.34ms 
	2.37ms 
	0.93ms 

	
	DL 
	0.34ms 
	0.74ms 
	0.53ms 


Table 3. Example of average U-plane latency for TDD with new frame structure 2.   
	TTI length 
	　
	FDD 
	TDD-LTE 

(config1 DSUUD) 
	Enhanced TDD

(GP config 2 as in figure 2)

	4/3 OS TTI 
	UL 
	1.2ms 
	2.40ms 
	1.71ms 

	
	DL 
	1.2ms 
	1.8ms 
	1.53ms 

	2 OS TTI 
	UL 
	0.69ms 
	1.9ms 
	1.13ms 

	
	DL 
	0.69ms 
	1.43ms 
	1.0ms 

	1 OS TTI 
	UL 
	0.34ms 
	1.61ms 
	0.8ms 

	
	DL 
	0.34ms 
	1.12ms 
	0.7ms 


From the results shown in Table 2 and Table 3, we can see that the latency in TDD with new frame structure is further reduced. For example, in Table 3 the latency in UL is about 71% and 49% of that in TDD with the existing frame structure when the TTI length is 4/3 symbols and 1 symbol, respectively. When the TTI length is 2 symbols, the latency in both UL and DL with the new TDD frame structure is about 1ms in Table 3, and is lower than 1ms when the TTI length is 1 symbol. In addition, both Table 2 and Table 3 show that the latency in TDD with new frame structures is much closer to that in FDD.   
Performance evaluation  
In order to further evaluate the performance of shorter TTI from new frame structure, system simulation is performed with the assumptions provided in Appendix B. The gain of user perceived throughput and the user packet delay with 2-symbol TTI from the new frame structure 1 and new frame structure 2 are shown in Table 4 and Table 5 respectively. In order to compare under the similar UL/DL configuration, TDD UL/DL configuration 2 is used to compare with new frame structure 1, and TDD UL/DL configuration 1 is used to compare with new frame structure 2. 
Table 4. Performance gain of enhanced TDD (New frame structure 1) with 2-symbol TTI compared to TDD (Existing UL/DL configuration 2) with 2-symbol TTI.
	
	Gain of 5% UPT 
	Gain of Mean UPT 
	Reduction of user packet delay 
	RU

	2T2R
	3km/h
	7%
	9%
	11%
	~16%

	
	
	27%
	16%
	22%
	~52%

	
	60km/h
	22%
	16%
	17%
	~17%

	
	
	33%
	20%
	23%
	~61%


Table 5. Performance gain of enhanced TDD (New frame structure 2) with 2-symbol TTI compared to TDD (Existing UL/DL configuration 1) with 2-symbol TTI.
	
	Gain of 5% UPT 
	Gain of Mean UPT 
	Reduction of user packet delay 
	RU

	2T2R
	3km/h
	2%
	4%
	4%
	~15%

	
	
	43%
	16%
	26%
	~50%

	
	60km/h
	19%
	16%
	18%
	~17%

	
	
	19%
	17%
	17%
	~58%


From the results shown in Table 4 and Table 5, we can see that performance gain for both UPT and user packet delay can be achieved by a new frame structure. For example, when the TTI length is 2-symbol for both new frame structure and the existing frame structure, up to 20% and 17% UPT gain can be achieved by the new frame structure 1 and 2 respectively and up to 23% and 26% delay reduction can be achieved by the new frame structure 1 and 2 respectively.       
Based on the above discussion, we can see that a proper TDD frame structure can provide better frame alignment and HARQ RTT for shorter TTI, and thus bring more latency reduction with reduced TTI. And it is possible to enable lower U-plane latency which is much closer to that in FDD through appropriate GP configuration. In addition, based on the performance evaluation, we can see that a new frame structure can provide better performance for both UPT and user packet delay. Therefore, we propose a new frame structure for latency reduction in TDD. 
Proposal 2: A new frame structure should be supported for LTE TDD, at least for latency reduction.
Proposal 3: New subframe types with symbol(s) for downlink transmission and symbol(s) for uplink transmission can be considered for new frame structure for TDD.
2.3 Backward compatibility 
As described in [1], backward compatibility should be preserved. For an enhanced TDD frame structure, some legacy subframes need to be kept for legacy UEs. The number of new subframes can be configured based on the ratio of legacy UEs and new UEs. Examples of enhanced frame structure considering backward compatibility are shown in Fig.3.  New UEs can be scheduled in all subframes with new HARQ timing, while legacy UEs can be scheduled in legacy subframes with legacy HARQ timing.  
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Fig. 3. Examples of enhanced frame structure for backward compatibility.
2.4 Overview of potential specification impact
In this section, we provide our views on the potential specification impact from new frame structure for TDD from latency reduction perspective, and mainly focus on TDD-specific specification impact. 
· Frame structure indication   
A new frame structure for TDD can be composed of subframes including at least one of the above two new subframe types. The new frame structure needs to be indicated to a new UE. For example, the new subframe index in a frame and the corresponding subframe type need to be indicated. In addition, if GP location can be adjusted, the allocation of the symbols in a new subframe also needs to be indicated. For example, the number of symbol(s) for the short UL part in subframe type 1 and/or the number of symbol(s) for the short DL part in subframe type 2 can be signaled. Therefore, scheme for new frame structure indication needs to be specified.      
· TTI shortening for DL transmission 
The HARQ-ACK timing for PDSCH transmission for a new UE based on the new frame structure needs to be discussed and specified. Other potential impact from TTI shortening for DL transmission can be possibly common with FDD, e.g. control channel for PDSCH and reference signal for PDSCH. 
In order to further shorten HARQ RTT, the HARQ-ACK can be transmitted in the short UL part in subframe type 1 based on the new frame structure. Therefore, 1 or 2-symbol PUCCH may be needed. Single carrier property should be maintained as much as possible for PUCCH design. 
· TTI shortening for UL transmission 
The HARQ timing for PUSCH transmission for a new UE based on the new frame structure needs to be discussed and specified. Other potential impact from TTI shortening for UL transmission can be possibly common with FDD, e.g. reference signal for PUSCH. 

The above potential impact is analyzed from latency reduction perspective. In addition, as described in section 2.2, the new frame structure can enable fast SRS transmission and fast CQI feedback to get more gain from MIMO, especially Massive MIMO. If fast SRS transmission and fast CQI feedback are supported by the new frame structure, then multiplexing of SRS and PUCCH needs to be discussed also, especially in subframe type 1. For example, scheme for multiplexing SRS and PUCCH while enabling full bandwidth SRS scanning can be considered. 
3 Conclusion

This contribution firstly discusses the necessity of a new frame structure for latency reduction in TDD, and then discusses possible new frame structure for TDD. Backward compatibility and potential specification impact based on new frame structure for TDD are also discussed. 
Based on the discussion, we have the following proposals:

Proposal 1: Average U-plane latency with a shorter TTI in TDD should be close to that in FDD as much as possible.
Proposal 2: A new frame structure should be supported for LTE TDD, at least for latency reduction.
Proposal 3: New subframe types with both symbol(s) for downlink transmission and symbol(s) for uplink transmission can be considered for new frame structure for TDD.
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Appendix A
The latency is determined by TTI duration, Processing delay, Frame alignment and HARQ RTT. Table 7 to Table 11 provides the details for the calculation of the U-plane latency which are shown in Table 1 to Table 3 in section 2. The following configurations are used to achieve similar ration of the uplink resource to downlink resource, for new frame structure 1 and TDD UL/DL configuration 2, and for new frame structure 2 and TDD UL/DL configuration 1. 
· TDD UL/DL configuration 1 and 2 with existing frame structure: Special subframe configuration 8 is used for special subframe.
· New frame structure 1 shown in figure 2: 1 symbol is used for the GP and 2 symbols are used for the short UL part in the new subframe type 1; 1 symbol is used for GP and 4 symbols are used for UpPTS in the special subframe, where the UpPTS can be used for PUCCH and PUSCH transmission;
· New frame structure 2 shown in figure 2: 1 symbol is used for the GP and 6 symbols are used for the short UL part in a new subframe type 1; 1 symbol is used for GP and 4 symbols are used for UpPTS in the special subframe, where the UpPTS can be used for PUCCH and PUSCH transmission.     
Table 6. U-Plane latency analysis with 10% HARQ BLER for FDD.
	Description
	TTI length

	
	0.5ms
	4/3 OS
	2 OS
	1OS

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI

	Frame Alignment
	0.5TTI
	0.5TTI
	0.5TTI
	0.5TTI
	0.5TTI
	0.5TTI
	0.5TTI
	0.5TTI

	TTI duration
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI

	UE Processing Delay
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI

	HARQ Retransmission
	0.8TTI
	0.8TTI
	0.8TTI
	0.8TTI
	0.8TTI
	0.8TTI
	0.8TTI
	0.8TTI

	Total one way delay
	4.8TTI

(2.4ms)
	4.8TTI

(2.4ms)
	4.8TTI

(1.2ms)
	4.8TTI

(1.2ms)
	4.8TTI

(0.69ms)
	4.8TTI

(0.69ms)
	4.8TTI

(0.34ms)
	4.8TTI
(0.34ms)


Table 7. U-Plane latency analysis with 10% HARQ BLER for TDD UL/DL configuration 1 with existing frame structure.
	Description
	TTI length

	
	0.5ms
	4/3 OS
	2 OS
	1OS

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI

	Frame Alignment
	2.6TTI
	1.5TTI
	4.4TTI
	2.3 TTI
	7.1 TTI
	3.93 TTI
	13.4 TTI
	7.14 TTI

	TTI duration
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI

	UE Processing Delay
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI

	HARQ Retransmission
	0.88TTI
	0.85TTI
	1.7TTI
	1.5 TTI
	2.9 TTI
	2.55 TTI
	5.65 TTI
	5.05 TTI

	Total one way delay
	6.98TTI
(3.49ms)
	5.85TTI
(2.93ms)
	9.6TTI
(2.4ms)
	7.3TTI
(1.8ms)
	13.5TTI
(1.9ms)
	9.98TTI
(1.43ms)
	22.55TTI
(1.61ms)
	15.69 TTI
(1.12ms)


Table 8. U-Plane latency analysis with 10% HARQ BLER for TDD UL/DL configuration 2 with existing frame structure.
	Description
	TTI length

	
	0.5ms
	4/3 OS
	2 OS
	1OS

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI

	Frame Alignment
	4.1TTI
	0.8TTI
	7.3TTI
	1.0TTI
	12.1TTI
	1.53TTI
	23.3TTI
	2.44TTI

	TTI duration
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI

	UE Processing Delay
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI

	HARQ Retransmission
	0.95TTI
	1.11TTI
	1.9TTI
	1.3 TTI
	3.2TTI
	2.2TTI
	6.4TTI
	4.36TTI

	Total one way delay
	8.55TTI

(4.28ms)
	5.41TTI
(2.71ms)
	12.7TTI
(3.2ms)
	5.8TTI
(1.45ms)
	18.8TTI
(2.69ms)
	7.23TTI
(1.03ms)
	33.2TTI
(2.37ms)
	10.3TTI
(0.74ms)


Table 9. U-Plane latency analysis with 10% HARQ BLER for TDD with new frame structure 1.
	Description
	TTI length

	
	4/3 OS
	2 OS
	1OS

	
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI

	Frame Alignment
	2.65TTI
	1.03TTI
	4.23TTI
	1.26TTI
	7.57TTI
	2.18TTI

	TTI duration
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI

	UE Processing Delay
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI

	HARQ Retransmission
	1.145TTI
	1.117TTI
	1.3TTI
	1.315TTI
	1.963TTI
	1.807TTI

	Total one way delay
	7.295TTI

(1.82ms)
	5.647TTI

(1.41ms)
	9.03TTI

(1.29ms)
	6.075TTI

(0.87ms)
	13.033TTI

(0.93ms)
	7.487TTI

(0.53ms)


Table 10. U-Plane latency analysis with 10% HARQ BLER for TDD with new frame structure 2.
	Description
	TTI length

	
	4/3 OS
	2 OS
	1OS

	
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI

	Frame Alignment
	2.2TTI
	1.55TTI
	3.3TTI
	2.13TTI
	5.81TTI
	4.01TTI

	TTI duration
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI
	1TTI

	UE Processing Delay
	1TTI
	1.5TTI
	1TTI
	1.5TTI
	1TTI
	1.5TTI

	HARQ Retransmission
	1.167TTI
	1.073TTI
	1.127TTI
	1.355TTI
	1.83TTI
	2.343TTI

	Total one way delay
	6.867TTI

(1.71ms)
	6.123TTI

(1.53ms)
	7.927TTI

(1.13ms)
	6.985TTI

(1.0ms)
	11.1TTI

(0.8ms)
	9.853TTI

(0.7ms)


Appendix B
Table 11. 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 
	TDD UL/DL configuration 2 with 2-symbol TTI: 21.16%;

TDD UL/DL configuration 1 with 2-symbol TTI: 21.77%;

Enhanced TDD with new frame structure 1 with 2-symbol TTI: 21.94%;

Enhanced TDD with new frame structure 2 with 2-symbol TTI: 23.35%;

	TBS determination 
	Scalable with TTI length as baseline 

	HARQ RTT 
	Scalable with TTI length as baseline;

	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 [20%, 40%] 

	Average CSI report period 
	TDD UL/DL configuration 2 with 2-symbol TTI: 15TTI;

TDD UL/DL configuration 1 with 2-symbol TTI: 11TTI;

Enhanced TDD with new frame structure 1 with 2-symbol TTI: 6TTI;

Enhanced TDD with new frame structure 2 with 2-symbol TTI: 6TTI;

	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 

	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. 


Table 12. Overhead assumptions with 2-symbol TTI.
	
	TDD Config 2
	New frame structure 1
	TDD Config 1
	New frame structure 2

	Scheduled UE number per TTI*
	2
	2
	2
	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
	2
	7
	2
	6

	C. Number of PDCCH regions per radio frame
	8
	1
	6
	1

	D. RE of GP pre PRB

= B * 12
	12*2
	12*7
	12*2
	12*6

	E. RE of CRS outside PDCCH region pre PRB
	12*6+8*2
	12+16+12*7
	12*4+8*2
	12*3+16+8*4

	F. RE of PDCCH per PRB

= C * 12
	12*8
	12
	12*6
	12

	G. Number of outside PDCCH
	6*6+5*2
	6+7+5*2+6*5
	6*4+5*2
	6+7+5*2+4*4

	H. RE of one outside PDCCH
	144
	144
	144
	144

	I. Total overhead = 

(D + F) * A + G * H
	27424
	28432
	20896
	22416

	J. Total RE for DL and GP per radio frame
	129600
	129600
	96000
	96000

	K. Overhead ratio =   I / J
	21.16%
	21.94
	21.77%
	23.35%
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