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1 Introduction
In RAN#67, the study of LTE network latency reduction of LTE was approved [1].  The objective of this study item is: 

· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

· The study area includes resource efficiency, including air interface capacity, battery lifetime, control channel resources, specification impact and technical feasibility. Both FDD and TDD duplex modes are considered. 

· As first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. In this evaluation RAN2 may assume latency reductions due to protocol enhancements as well as shortened TTIs. In conclusion, this aspect of the study is supposed to show what latency reductions would be desirable [RAN2]. 

· As second aspect,  the following areas should be studied and documented:

· Fast uplink access solutions [RAN2]:

· for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected, focus should be on reducing user plane latency for the scheduled UL transmission and getting a more resource efficient solution with protocol and signaling enhancements, compared to the pre-scheduling solutions allowed by the standard today, both with and without preserving the current TTI length and processing times;

· 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 RAN1#83, system level simulation assumptions for TTI shortening were agreed in [3]. In RAN1#84bis, evaluation/analysis assumes two deployment scenarios for TDD and additional subframe type(s) consisting of downink(s), GP(s) and uplink(s) can be considered for TDD. This paper analyses the latency reduction of TDD with shortened TTI.  
2 Discussion
As shown in [4], there are two backward compatible solutions for shortened TTI based on the existing TDD frame stucture. 
· Option 1 is to reduce the TTI length and reuse the existing TDD UL/DL configuration directly without additional DL-to-UL switching point or subframe type.
· Option 2 is to define new subframe type which includes both DL and UL TTIs for data/control transmission, and some subframes to be changed into the new subframe type, in addition to the TTI shortening. In this option, more DL-to-UL switching points are introduced in a radio frame. 
Assuming the UL fast transmission, UL resource is assumed always available in each UL TTI, so SR related delays are not considered. Hence, following the same approach as in section B.2.1 in TR 36.912 [5], the LTE U-plane one way delay for a scheduled UE consists of the fixed node processing delays (both UE side and eNB side), radio frame alignment and TTI duration for TDD as shown in Figure 1. We used the TR 36.912 approach other than the approach in TR36.881 for latency analysis since the assumptions in TR 36.912 regarding L1 processing latency are more accurate. 
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Figure 1: User plane latency components for TDD
The one way air interface delays of TDD UL and DL transmissions for TDD UL/DL configuration #0 with TTI length of {14, 7, 2} symbols are listed in Table 1/2/3/4, and the one way air interface delays of TDD UL and DL transmissions for TDD UL/DL configuration #1 with TTI length of {14, 7, 2} symbols are listed in Table 5/6/7/8 with the following assumptions:
· Case 0 corresponds TTI length of 14 symbols, special subframe #1 and 6 in one radio frame are considered as DL subframe only, which is align with the assumption in 36.912
· Case 1/2 corresponds option 1 with TTI length of 7/2 symbols respectively. In Case 1 and 2, only special subframes #1 and 6 in one radio frame are changed into new subframes type.
· Case 3/4 corresponds option 2 with TTI length of 7/2 symbols respectively, and special subframe #1 and 6 and UL subframes #3, 4, 8 and 9 in one radio frame are changed into new subframe type for TDD UL/DL configuration #0, and special subframe #1 and 6 and UL subframes #3 and 8 in one radio frame are changed into additional subframes for TDD UL/DL configuration #1

· Case 5/6 corresponds option 2 with TTI length of 7/2 symbols respectively, and special subframe #1 and 6 and UL subframes #3, 4, 7, 8 and 9 in one radio frame are changed into new subframe type for TDD UL/DL configuration #0, and special subframe #1 and 6 and UL subframes #3, 7 and 8 in one radio frame are changed into additional subframes for TDD UL/DL configuration #1
· For Case 1/3/5 (TTI length of 7 symbols), one shortened DL TTI with 6 symbols, one shortened UL TTI with 6 symbols and one GP with two symbols are assumed within a additional subframe
· For Case 2/4/6 (TTI length of 2 symbols), 3 shortened DL TTIs, 3 shortened UL TTIs and one GP with two symbols are assumed within a additional subframe 
· The shortened DL TTI/UL TTI in each additional subframe can be used for DL/UL transmission, which means when calculate the average waiting time for TX opportunity, those shortened TTIs shall be considered as well
· In all the cases, the DL processing time are linearly scaled down according to the shorten TTI length, compared to the existing 1ms TTI. 
· When HARQ is considered, RTT= total DL delay + total UL delay for each length of TTI for simplicity since the real RTT of each shortened TTI depends on the further HARQ timing design. 
It can be seen from Table 1~8 that:
· For both TDD UL/DL configuration #0 and 1, the DL and or UL U-plane delay can be less than 1ms when HARQ is not enabled when TTI length is 2 symbols and additional DL-UL switching points with new subframe type are configured (i.e. case 4 and case 6 as marked as green color in the tables), 
· Additionally, when HARQ is enabled, nearly 1ms DL and or UL U-plane delay can be achieved in case 6, as marked in yellow color in the tables. 
Based on the analysis above, we have the following observations and proposal:
Observation 1: Significant DL latency reduction can be achieved by replacing some legacy UL subframes by the new subframe type.
Observation 2: 1 ms U-plane latency can be achieved by using the new subframe type and TTI length of 2 symbols.
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 the new subframe type where both DL and UL parts can be utilized for data transmissions.
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Figure 2: Frame structure for case 1~6 with TDD UL/DL configuration #0
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Figure 3: Frame structure for case 1~6 with TDD UL/DL configuration #1
Table 1. DL transmission average delays with different length of TTI without HARQ based on TDD UL/DL configuration #0.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7  symbols
	2 symbols
	7  symbols
	2  symbols
	7  symbols
	2  symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.7
	1.65
	1.3980
	0.65
	0.4224
	0.55
	0.3510

	3
	Transmission of DL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in UE
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	
	Total DL delay [ms]
	5.20
	3.40
	1.8980
	2.40
	0.9224
	2.30
	0.8510


Table 2. UL fast transmission average delays with different length of TTI without HARQ based on TDD UL/DL configuration #0.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.1
	0.55
	0.3408
	0.65
	0.4224
	0.675
	0.4429

	3
	Transmission of UL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in eNB
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	
	Total UL delay [ms]
	4.60
	2.30
	0.8408
	2.40
	0.9224
	2.425
	0.9429


Table 3. DL transmission average delays with different length of TTI with 10% HARQ based on TDD UL/DL configuration #0.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.7
	1.65
	1.3980
	0.65
	0.4224
	0.55
	0.3510

	3
	Transmission of DL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in UE
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	5
	HARQ Retransmission (0.1*RTT)
	0.98
	0.57
	0.2739
	0.48
	0.1845
	0.4725
	0.1794

	
	Total DL delay [ms]
	6.18
	3.97
	2.1718
	2.88
	1.1069
	2.7725
	1.0304


Table 4. UL fast transmission average delays with different length of TTI with 10% HARQ based on TDD UL/DL configuration #0.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.1
	0.55
	0.3408
	0.65
	0.4224
	0.675
	0.4429

	3
	Transmission of UL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in eNB
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	5
	HARQ Retransmission (0.1*RTT)
	0.98
	0.57
	0.2739
	0.48
	0.1845
	0.4725
	0.1794

	
	Total UL delay [ms]
	5.58
	2.87
	1.1147
	2.88
	1.1069
	2.8975
	1.222


Table 5. DL transmission average delays with different length of TTI without HARQ based on TDD UL/DL configuration #1.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7  symbols
	2 symbols
	7  symbols
	2  symbols
	7  symbols
	2  symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.1
	1
	0.7694
	0.6
	0.3816
	0.5
	0.3102

	3
	Transmission of DL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in UE
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	
	Total DL delay [ms]
	4.60
	2.75
	1.27
	2.35
	0.88
	2.25
	0.81


Table 6. UL fast transmission average delays with different length of TTI without HARQ based on TDD UL/DL configuration #1.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.7
	1
	0.7694
	1.05
	0.8102
	1.075
	0.8306

	3
	Transmission of UL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in eNB
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	
	Total UL delay [ms]
	5.20
	2.75
	1.27
	2.80
	1.31
	2.825
	1.3306


Table 7. DL transmission average delays with different length of TTI with 10% HARQ based on TDD UL/DL configuration #1.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.1
	1
	0.7694
	0.6
	0.3816
	0.5
	0.3102

	3
	Transmission of DL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in UE
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	5
	HARQ Retransmission (0.1*RTT)
	0.98
	0.55
	0.2539
	0.515
	0.2192
	0.5075
	0.2141

	
	Total DL delay [ms]
	5.58
	3.30
	1.52
	2.865
	1.10
	2.7575
	1.0243


Table 8. UL fast transmission average delays with different length of TTI with 10% HARQ based on TDD UL/DL configuration #1.
	
	
	Case 0
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Component
	Description
	14symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols
	7 symbols
	2 symbols

	1
	Processing of incoming data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	2
	Waiting for TX opportunity (average)
	1.7
	1
	0.7694
	1.05
	0.8102
	1.075
	0.8306

	3
	Transmission of UL data
	1
	0.5
	0.1428
	0.5
	0.1428
	0.5
	0.1428

	4
	Data decoding in eNB
	1.5
	0.75
	0.2143
	0.75
	0.2143
	0.75
	0.2143

	5
	HARQ Retransmission (0.1*RTT)
	0.98
	0.55
	0.2539
	0.515
	0.2191
	0.5075
	0.2141

	
	Total UL delay [ms]
	6.18
	3.30
	1.52
	3.315
	1.53
	3.3325
	1.5447


3 Conclusions
Based on the above discussion, we have the following observations and proposal:
Observation 1: Significant DL latency reduction can be achieved by replacing some legacy UL subframes by the new subframe type.
Observation 2: 1 ms U-plane latency can be achieved by using the new subframe type and TTI length of 2 symbols.
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 the new subframe type where both DL and UL parts can be utilized for data transmissions.
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