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1. Introduction

In RAN #67, a new study item, “Study on Latency reduction techniques for 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. 
Some initial works have been done in RAN2, while there are many issues related to RAN1, which including [2]:
· 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 this contribution, we provide some initial latency reduction analysis with reduced TTI length. In addition, some possible solutions for latency reduction are considered, and the corresponding standard impacts are analyzed.
2. Latency analysis with reduced TTI length
According to the analysis in [3], LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment),  TTI duration, and the delay caused by HARQ retransmission. Considering the difference of frame structure, the latency for FDD and TDD are different. 
The LTE U-plane one way latency in current LTE systems for FDD and TDD has been provided in [3]. Specifically, considering 10% HARQ BLER, for FDD, the U-plane one way latency of both DL and UL is 4.8 ms, and for TDD, the latency depends on the specific TDD configurations. For example, for TDD config. 2, the U-plane one way latency of DL and UL are 5.18ms and 7ms, respectively. 
If shorted TTI is considered, the latency for both FDD and TDD need to be carefully calculated, by considering the delay components. One important issue that needs to be studied is whether it is feasible to assume that the processing delay can be reduced linearly proportional to the reduced TTI, i.e., if the TTI length is reduced by a factor of M, the processing delay for both eNB and UE can also be reduced by a factor of M. 
Proposal 1: In order to analyse the one way latency performance, it is necessary to study the feasibility that whether the processing delay can be reduced linearly proportional to the reduced TTI length.
In our understanding, the processing delay can be reduced linearly proportional to the reduced TTI length, because decoding complexity decreases quickly with respect to transport block size (probably faster than linear relationship). In the following analysis, it is assumed that processing delay reduces linearly with TTI length.

Regarding to TDD, the latency not only depends on the processing delay, but highly relies on the TDD configuration. In particular, the delay caused by Frame Alignment and HARQ delay will be different under different TDD configuration. Since it is not possible for always available UL or DL transmission as that in FDD, the latency of TDD is higher than that of FDD. Considering that the latency of TDD is larger than that of FDD due to the inherent discontinuous transmission of DL and UL, dedicated study and enhancements for TDD are necessary to reduce the latency so as to satisfy the requirements of delay-sensitive traffic.  

Examples of one way latency for FDD and TDD with TTIs lengths of 14 OFDM symbols, 7 symbols, 4 symbols and 1 symbols are provided in Table I ~Table V. In the tables, the processing delay is assumed to be reduced with linear proportion to the reduction of TTI length. The impact of legacy transmission, e.g., PDCCH, has not been taken into consideration, which indicates that the provided latency are the minimum values.
Proposal 2: Considering that the latency of TDD is larger than that of FDD due to the inherent discontinuous transmission of DL and UL, dedicated study and enhancements for TDD are necessary to reduce the latency so as to satisfy the requirements of delay-sensitive traffic.  
Table I: U-plane latency analysis with 10% HARQ BLER for FDD (downlink and uplink)
	Step
	Description
	Number of symbols for 1 TTI

	
	
	14 (LTE)
	7
	4
	1

	1
	eNB Processing Delay = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	2
	UE Processing Delay = 1.5*TTI
	1.5ms
	0.75ms
	0.42ms
	0.105ms

	3
	Frame Alignment = 0.5*TTI
	0.5ms
	0.25ms
	0.14ms
	0.035ms

	4
	TTI duration = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	5
	HARQ delay
(BLER @ 10%) =8*0.1*TTI
	0.8ms

	0.4ms

	0.23ms
	0.056ms

	
	Total one way delay
	4.8ms
	2.4ms
	1.35ms
	0.34ms


Table II: U-plane latency analysis with 10% HARQ BLER for TDD configuration 2(downlink)
	Step
	Description
	Number of symbols for TTI

	
	
	14 (LTE)
	7
	4
	1

	1
	eNB Processing Delay = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	
	UE Processing Delay = 1.5*TTI
	1.5ms
	0.75ms
	0.42ms
	-
0.107ms

	2
	Frame Alignment
	0.7ms
	0.4ms
	0.25ms
	0.143ms

	3
	TTI duration = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	4
	HARQ delay
(BLER @ 10%)
	0.1*9.8ms

	0.1*6.5ms

	0.1*5ms
	0.1*5ms

	
	Total one way delay
	5.18ms
	3.05ms
	1.73ms


	 0.89ms


Table Ⅲ: U-plane latency analysis with 10% HARQ BLER for TDD configuration 2(uplink)
	Step
	Description
	Number of symbols for TTI

	
	
	14 (LTE)
	7
	4
	1

	1
	UE Processing Delay = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	
	eNB Processing Delay = 1.5*TTI
	1.5ms
	0.75ms
	0.42ms
	0.107ms

	2
	Frame Alignment
	2.5ms
	2.05ms
	1.825ms
	1.64ms

	3
	TTI duration = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	4
	HARQ delay
(BLER @ 10%)
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms

	
	Total one way delay
	7ms
	4.8ms
	3.8ms
	2.9ms


Table Ⅳ: U-plane latency analysis with 10% HARQ BLER for TDD configuration 1(downlink)
	Step
	Description
	Number of symbols for TTI

	
	
	14 (LTE)
	7
	4
	1

	1
	eNB Processing Delay = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	
	UE Processing Delay = 1.5*TTI
	1.5ms
	0.75ms
	0.42ms
	0.107ms

	2
	Frame Alignment
	1.1ms
	0.75ms
	0.65ms
	0.57ms

	3
	TTI duration = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	4
	HARQ delay
(BLER @ 10%)
	0.1*11.6ms
	0.1*5ms
	0.1*5ms
	0.1*5ms

	
	Total one way delay
	5.76ms
	3ms
	2.13ms
	1.3ms


Table Ⅴ: U-plane latency analysis with 10% HARQ BLER for TDD configuration 1(uplink)
	Step
	Description
	Number of symbols for TTI

	
	
	14 (LTE)
	7
	4
	1

	1
	UE Processing Delay = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	
	eNB Processing Delay = 1.5*TTI
	1.5ms
	0.75ms
	0.42ms
	0.107ms

	2
	Frame Alignment
	1.7ms
	1.3ms
	1.25ms
	0.93ms

	3
	TTI duration = 1*TTI
	1ms
	0.5ms
	0.28ms
	0.07ms

	4
	HARQ delay
(BLER @ 10%)
	0.1*10ms
	0.1*5ms
	0.1*5ms
	0.1*5ms

	
	Total one way delay
	6.2ms
	3.55ms
	2.73ms
	1.67ms


3. Considerations on Future Evaluations 
The common solution for reducing the latency for both TDD and FDD is to reduce the TTI. Although the latency decreases with the reducing of TTI lengths, to which extent the TTI length to be shortened needs to be well studied by considering the impact on both the standard effort and on the capacity, while subjecting to the constraint of backward compatibility. 
It is generally well understood that smaller TTI implies more standard efforts, due to the complexity of designing, e.g., UL RS, multiplexing with legacy DL control channels, etc. On the other hand, latency reduction gains are more profound for smaller TTIs. Therefore there is a tradeoff between spec impact and latency reduction gains, and more evaluations are needed to determine which TTI length are to be specified.
In the current latency reduction evaluations, user perceived throughput (UPT) is used as the main performance metric. However, using UPT may exaggerate latency reduction gains, especially for small packet services. For example, a small packet (one OFDM symbol long) may be delayed for one OFDM symbol due to frame alignment reasons for a larger TTI. Now for a smaller TTI, the delay due to frame alignment is removed, then the UPT is doubled according to UPT definition, while the delay improvement is from 2 symbol to one symbol, which may be negligible for typical users. Therefore some other metric may be needed for evaluation of latency reduction gains.
One possible metric is to directly use latency as metric. For example, percent of packet that are succesfully delivered within certain latency (e.g, 1ms) can be used as the performance metric, while similar metric has been used in LAA evaluations. Therefore, one proposal is :

Proposal 3: Instead of UPT, use the following metric for performance evaluation: Percent of packets that are successfully delivered within certain latency (e.g., 1ms). Lower RU (e.g., 20%) may be assumed for latency reduction evaluations.
For low latency use cases, there have been diverse proposals in RAN2, such as machine control and TCP slow start ramp up time. According to LTE development experience, it is typically difficult to predict use case. Instead, use cases may pop up after the product is ready, especially if there is a dramatic improvement compared with previous products. Therefore, it might be beneficial to consider more challenging targets for latency reduction. Consequently it is proposed:
Proposal 4: At least in the SI, study the feasibility of reducing air interface latency to 1ms.
4. Possible solutions for latency reduction 
4.1 TDD HARQ Timing Enhancement
For TDD systems, once the TTI length is reduced, the HARQ timing can be optimized in according to the reduced TTI, which help for decreasing the delay caused by RTT.  Examples of the DL HARQ timing for 1ms TTI and 0.5ms TTI are shown in Fig. 1 and Fig. 2, respectively. By comparing Fig.1 and Fig.2, the first DL subframe can be retransmitted after 5ms (for 0.5 ms TTI) instead of 10 ms (for 1ms TTI), because the A/N can be obtained by eNB much faster than the 1ms TTI.  
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Fig.1 One example of A/N feedback RTT for TDD configuration 2 with 1ms TTI
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Fig.2 One example of A/N feedback RTT for TDD configuration 2 with 0.5ms TTI

Proposal 5 : For TDD, when the TTI length is reduced, the HARQ timing needs to be enhanced to reduce the RTT time. 
4.2 Complementary Carriers
Another solution to reduce the latency of TDD is to exploiting the CA to aggregate two carriers with different TDD configurations, by which to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity. The basic idea is shown in Fig.3. Although this solution can help the TDD to achieve the same latency performance as that of FDD, it requires the UE to be CA-capable and full duplex, i.e., simutanous receiving and transmitting on at least two carriers. 
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Fig.3 Reducing the latency by aggregating two carriers
Proposal 6 : For TDD, by exploiting the CA to aggregate two carriers with different TDD configurations, it is possible to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity, so that the latency of TDD can be achieved to be the same as FDD.
5. Conclusions
In this contribution, we have analyzed some initial latency reduction performance with reduced TTI length, and provide some possible solutions for latency reduction with corresponding standard impacts.
Proposal 1: In order to analyse the one way latency performance, it is necessary to study the feasibility that whether the processing delay can be reduced linearly proportional to the reduced TTI length.

Proposal 2: Considering that the latency of TDD is larger than that of FDD due to the inherent discontinuous transmission of DL and UL, dedicated study and enhancements for TDD are necessary to reduce the latency so as to satisfy the requirements of delay-sensitive traffic.  
Proposal 3: Instead of UPT, use the following metric for performance evaluation: Percent of packets that are successfully delivered within certain latency (e.g., 1ms). Lower RU (e.g., 20%) may be assumed for latency reduction evaluations.

Proposal 4: At least in the SI, study the feasibility of reducing air interface latency to 1ms.
Proposal 5 : For TDD, when the TTI length is reduced, the HARQ timing needs to be enhancement to reduce the RTT time. 

Proposal 6 : For TDD, by exploiting the CA to aggregate two carriers with different TDD configurations, it is possible to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity, so that the latency of TDD can be achieved to be the same as FDD.
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