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Introduction
In RAN#67, the SI of latency reduction was approved[1], which aims to 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).
TTI shortening and reduced processing times should be studied in RAN1, including the following aspects:
· 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).
The study includes both FDD and TDD duplex modes. During the RAN#71, it is further clarified that the study on latency reduction techniques for LTE in 2016 Q2 is focused for: FS1 and FS2.
This contribution provides some considerations on latency reduction for FS2. 
Discussion
In FS2 TDD, the latency does not only depend on the processing delay, but also highly relies on the TDD configuration. The latency reduction may be restricted to different UL/DL configurations. Unlike in FDD, there may be no available UL or DL transmission at the due time in TDD. Therefore, it is expected that the latency of TDD is likely larger than that of FDD, and dedicated study and enhancements for TDD can be necessary to reduce the latency so as to satisfy the requirements of delay-sensitive traffic.  
CA based
In order to allow DL/UL transmission at any given time upon DL/UL traffic arrival so as to avoid the latency spent in waiting for DL/UL transmission opportunity, a CA based solution can be considered [2]. Figure 1 gives such an example. In this example, two aggregated TDD carriers in configuration #0 and configuration #1 respectively are not frame aligned but with an offset of 3ms, so that there are both DL and UL transmissions at any given subframe from the two carriers. This provides a condition to help the TDD to achieve same latency performance as in FDD. The DL HARQ timing can also follow that of FDD, i.e., the HARQ-ACK delay is 4 TTI, but with exception that the HARQ-ACK is no longer restricted to PCell only. This solution is beneficial only to UEs capable of CA and full duplex. It also requires the UE be able to transmit the HARQ-ACK on any TDD serving cell. 


Figure 1. one example of latency reduction by CA
Within seven existing TDD UL/DL configurations, only configuration #0 and configuration #1 can perfectly satisfy the  above mentioned requirement (have UL and DL transmission at any given time). For other TDD UL/DL configurations, more than two carriers may be needed. If the requirement on any-time availability of DL/UL is relaxed, more combinations can be available. Figure 2 gives another example with configuration #1 and configuration #6, where both DL and UL resources are available in any subframe except the one marked by red circle. Almost the same latency performance as in FDD can be achievable.


Figure 2. another example of latency reduction by CA
Observation 1: At least for UE capable of CA, it is possible to aggregate two or more TDD carriers to have both UL and DL in any given subframe to achieve same latency performance as in FDD.
TTI shortening
In case only one TDD carrier is available and the TTI length is shortened to 0.5ms or even one OFDM symbol, the delay in HARQ timing can be reduced accordingly. In FDD, the delayed timing can be assumed proportional to the reduction of TTI. However, the same assumption is not true in TDD. Due to the restriction of specific UL and DL allocations in specific UL/DL configuration, the HARQ retransmission latency in TDD is not reduced in a way proportional to the reduced TTI length. The HARQ retransmission delay is one of the factors for U-plane latency. The U-plane latency for TTI shortening with 7 symbols and 2 symbols is given in Table 1 for TDD UL/DL configuration #2. Configuration #8 of special subframe is assumed in the calculation and the 2 symbols in UpPTS is not used for sPUCCH/sPUSCH transmission for TTI=0.5ms but is used for sPUCCH/sPUSCH transmission for TTI = 2OS. The U-plane latency for FDD is also provided for comparision.
Table 1. U-Plane latency analysis with 10% HARQ BLER for TTI shortening
	
	Baseline 
	TTI shortening

	
	TTI=1ms
	TTI=0.5ms
	TTI=2OS

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay(TTI)
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1

	Frame Alignment (TTI)
	0.5
	0.5
	2.5
	0.7
	0.5
	0.5
	4.1
	0.8
	0.5
	0.5
	11.3
	1.53

	TTI duration(TTI)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	UE Processing Delay(TTI)
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5

	HARQ Retransmission(TTI)
	0.8
	0.8
	1
	1.03
	0.8
	0.8
	0.95
	1.11
	0.8
	0.8
	3.15
	2.2

	Total one way delay
(TTI)
	4.8
	4.8
	7
	5.23
	4.8
	4.8
	8.55
	5.41
	4.8
	4.8
	17.95
	7.23

	Total one way delay
(ms)
	4.8
	4.8
	7
	5.23
	2.4
	2.4
	4.28
	2.71
	0.69
	0.69
	2.56
	1.03

	Latency compared to TTI=1ms (100%)
	-
	-
	-
	-
	-50
	-50
	-38.86
	-48.18
	-85.63
	-85.63
	-63.43
	-80.31



From Table 1 we can find that, even the latency for TDD is not reduced in a way proportional to the TTI length reduction, the total U-plane delay with TTI shortening can be reduced significantly comparing to the baseline with TTI=1ms. The relative latency reduction for DL is comparable to FDD. Therefore, TTI shortening is also an effective way for latency reduction in TDD.
Observation 2: TTI shortening is also an efficient way for latency reduction in TDD. 
New subframe type
In addition to the solutions mentioned above, introduction of new subframe type can also be considered as one efficient way to reduced the latency[3][4][5]. For the new subframe type, we should consider the detail design of the new subframe type and which subframes can be configured as new subframe type. 
In LTE, up to 2 symbols can be configured for UpPTS for uplink transmission in Rel-8/9/10/11/12, and can only be used for SRS and PRACH transmission. And in the newly release 13, X additional SC-FDMA symbols in UpPTS can be configured through higher layer parameter srs-UpPtsAdd for SRS transmission[6]. If the new subframe type is based on the special subframe design, the configurations of special subframe can be reused.  For different length of sTTI, different special configuration can be used. Figure 3 gives two examples for sTTI = 7/2OS based on configuration #8 and #9  of special subframe respectively. The SC-FDMA symbols in UpPTS can be used for sPUCCH/sPUSCH transmission in the new subframe type. 

 
Figure 3: new subframe design for sTTI based on special subframe
For TDD, the time delay for frame alignment and HARQ retransmission is different in different UL/DL configurations. And with the new subframe type, the location of the new subframe type may also affect the time delay metioned above. In the following, take TDD UL/DL configuration#2 as an example, we consider different locations for the the new subframe type. Figure 4 gives some examples with sTTI length of 7 symbols, considering the following options and the U-plane latency is calculated and given in Table 2. 
· Option 1-1: new subframe type is inserted in legacy special subframe with configuration #9, i.e., DwPTS:UpPTS =6:7, sPUCCH/sPUSCH can be transmitted in UpPTS
· Option 1-2: new subframe type is inserted in subframe#3 and #8 with special configuration #9 and legacy special subframe with configuration #8 is assumed. sPUCCH/sPUSCH can be transmitted in subframe #3 and #8 but can not be transmitted in legacy special subframs.
· Option 1-3: new subframe type is inserted in subframe#4 and #9 with special configuration #9 and legacy special subframe with configuration #8 is assumed. sPUCCH/sPUSCH can be transmitted in subframe #3 and #8 but can not be transmitted in legacy special subframs.






Figure 4: Examples of different locations for new subframe type with sTTI length = 7 symbols
Table 2. U-Plane latency analysis with 10% HARQ BLER for TDD with new subframe type  in Figure 4
	Description
	TTI length=0.5ms

	
	Baseline[footnoteRef:2] [2:   The 2 SC-FDMA symbols in UpPTS is not used for sPUCCH/sPUSCH transmission] 

	Option1-1
	Option1-2
	Option1-3

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1

	Frame Alignment
	4.1
	0.8
	3.3
	1.1
	2.7
	0.9
	2.1
	0.9

	TTI duration
	1
	1
	1
	1
	1
	1
	1
	1

	UE Processing Delay
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5

	HARQ Retransmission
	0.95
	1.11
	0.9
	0.99
	0.90
	0.91
	0.97
	1.01

	Total one way delay
(TTI)
	8.55
	5.41
	7.7
	5.59
	7.10
	5.31
	6.57
	5.41

	Total one way delay
(ms)
	4.28
	2.71
	3.85
	2.79
	3.55
	2.66
	3.28
	2.71

	Latency compared to baseline (100%)
	-
	-
	-9.94
	3.21
	-16.96
	-1.82
	-23.19
	0



From Table 2, we can find that:
· The UL U-plane latency can be reduced compared to baseline in all options.
· The DL U-plane latency can only be reduced in Option 1-2. And only 1.82% reduction can be achieved.
· Both UL and DL U-plane latency reduction varies with different location of the new subfram.
For case of sTTI length with 2 symbols, the 2 symbols in UpPTS can also be used for sPUCCH/sPUSCH transmission. Figure 5 gives some examples considering the new subframes inserted as following options and the U-plane latency is calculated and given in Table 3. 
· Option 2-1: new subframe type is inserted in subframe #3/#8 with special subframe configuration #8, i.e., DwPTS:UpPTS =11:2, sPUCCH/sPUSCH can be transmitted in UpPTS
· Option 2-2: new subframe type is inserted in subframe #4/#9 with special subframe configuration #8, i.e., DwPTS:UpPTS =11:2, sPUCCH/sPUSCH can be transmitted in UpPTS
· Option 2-3: new subframe type is inserted in subframe #3/#4/#8/#9 with special subframe configuration #8, i.e., DwPTS:UpPTS =11:2, sPUCCH/sPUSCH can be transmitted in UpPTS







Figure 5: Examples of different locations for new subframe type with sTTI length = 2 symbols
Table 3. U-Plane latency analysis with 10% HARQ BLER for TDD with new subframe type Figure 5
	Description
	TTI length=2OS

	
	Baseline [footnoteRef:3] [3:  The 2 SC-FDMA symbols in UpPTS is used for sPUCCH/sPUSCH transmission] 

	Example -1
	Example-2
	Example-3

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	eNB Processing Delay
	1.5
	1
	1.5
	1
	1.5
	1
	1.5
	1

	Frame Alignment
	11.3
	1.53
	7.3
	1.56
	5.7
	1.56
	4.5
	1.59

	TTI duration
	1
	1
	1
	1
	1
	1
	1
	1

	UE Processing Delay
	1
	1.5
	1
	1.5
	1
	1.5
	1
	1.5

	HARQ Retransmission
	3.15
	2.2
	1.4
	1.89
	1.71
	1.51
	1.12
	1.44

	Total one way delay
(TTI)
	17.95
	7.23
	12.2
	6.95
	10.91
	6.57
	9.12
	6.53

	Total one way delay
(ms)
	2.56
	1.03
	1.74
	0.99
	1.57
	0.94
	1.30
	0.93

	Latency reduction compared to baseline
	-
	-
	-32.06
	-3.94
	-39.21
	-9.15
	-49.19
	-9.68



From Table-3, we can find that:
· The UL U-plane latency can be reduced significantly compared to baseline in all options. Almost 50%  latency reduction can be achieved for Option 2-3.
· The DL U-plane latency can be reduced compared to baseline in all options. More than 9% reduction can be achieved for Option 2-2 and Option 2-3.
· Both UL and DL U-plane latency reduction varies with different location of the new subframe.
Note that the introduction of new subframe type in normal subframes (other than special subframes) is equivalent to introduction of  more switching points. More switching points mean more overhead. System level performances with TTI shortening with and without new subframe type are provided in our accompany contribution [7]. For case TTI shortening with new subframe type, Option 1-2 ann Option 2-3 mentioned above are evaluated. The system level performance results are aligned with the U-plane latency analysis.
Observation 3: 
· For sTTI length = 7 symbols case, small U-plane latency reduction in DL can be achived by introduction with new subframe type in additional subframe for TDD UL/DL configuration #2.
· For sTTI length = 2 symbols case, considerable U-plane latency reduction in both UL and  DL can be achived by introduction with new subframe type in additional subframe for TDD UL/DL configuration #2.
· Both UL and DL U-plane latency reduction varies  with different location of the new subframe(s).
Proposal:
· New subframe type in normal subframes other than legacy special subframes should be considered for latency reduction together with TTI shortening at least for sTTI length with 2 symbols. 
· Eaxct location of the new subframe type should further selected.
Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution concludes with following observations:
Observation 1: At least for UE capable of CA,, it is possible to aggregate two or more TDD carriers to have both UL and DL in any given subframe to achieve same latency performance as in FDD.
Observation 2: TTI shortening is also an efficient way for latency reduction in TDD.
Observation 3: 
· For sTTI length = 7 symbols case, small U-plane latency reduction in DL can be achived by introduction with new subframe type in additional subframe for TDD UL/DL configuration #2.
· For sTTI length = 2 symbols case, considerable U-plane latency reduction in both UL and  DL can be achived by introduction with new subframe type in additional subframe for TDD UL/DL configuration #2.
· Both UL and DL U-plane latency reduction varies  with different location of the new subframe(s).
Proposal:
· New subframe type in normal subframes other than legacy special subframes should be considered for latency reduction together with TTI shortening at least for sTTI length with 2 symbols. 
· Eaxct location of the new subframe type should further selected.
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