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Discussion and decision
1 Introduction

In RAN#67, the study item on latency reduction was approved [1] with considering both FDD and TDD systems. The following areas are to be studied in RAN1 in this SI:
· 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 discuss TTI shortening in TDD systems. In RAN1#84bis, the basic evaluation assumptions for TDD were agreed. Regarding performance comparison, it is mainly considered what and how to compare for TDD.
2 Discussions 
New special subframe 


As shown in [4]-[6], DL performance gain by using a short TTI mainly comes from the reduced UL access delay and HARQ RTT. If new special subframes are introduced to the legacy UL/DL TDD configurations, it is obvious that overall latency could be reduced for both subframe TTI and short TTI at the cost of significant specification impacts. As shown in Figure 1, time resource allocated for UL may be used for DL without significant impact on legacy UEs. Subframe TTI in Figure 1-(a) can reduce the delay to transmitting UL scheduling grant and TCP ACK corresponding to UL data transmission. This also happens to short TTI case in Figure 1-(b). So, introduction of new special subframe brings packet data latency performance improvement not only for short TTI, but also for subframe TTI. Therefore, RAN1 should identify the clear benefits of new special subframe and its performance gain compared with subframe TTI with new special subframe feature.
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Figure 1: Introducing new special subframe for subframe TTI and short TTI
Observation 1: When new special subframes are introduced for TDD supporting short TTI, it is unclear where performance gain comes from.  
Proposal 1: Regarding performance gain, RAN1 needs to conclude whether the performance gain comes from TTI shortening itself or from introducing new special subframe. 
Performance comparison


For latency reduction by using TTI shortening, we need to clarify what the objectives of this study item are. The following is from the SID [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. 



So far, RAN1 and RAN2 have adopted the time from FTP file arrival to the end of the file transmission as the packet data latency for performance evaluation of TTI shortening [2]. This approach would be applicable for both FDD and TDD. 

In Annex B of [3], U-plane latency is well analyzed. The U-plane latency consists of the fixed node processing delays such as eNB/UE processing delay, TTI length, and frame alignment. The one way delay of FDD with setting 10% HARQ BLER equals to 4.8 ms. For TDD DL, the one way delay with 10% HARQ BLER is between 5.18 ms and 6.2 ms according to UL/DL configuration. Also, it can be seen that average HARQ RTT is 8 ms for FDD while it is between 9.8 ms and 12.4 ms for TDD DL. Here, U-plane one way latency should not be confused of packet data latency. U-plane latency in [3] is related to HARQ RTT and UL access delay rather than UPT and packet data latency. Thus, we cannot say that small U-plane latency directly means better performance of packet data latency. To say that, we need to see the SLS result of performance comparison between a TDD system supporting short TTI and a TDD system not supporting short TTI.
Proposal 2: For TDD as well as FDD, UPT and packet data latency are recommended for performance comparison. 

Observation 2: U-plane latency in [3] is related to HARQ RTT and UL access delay rather than UPT and packet data latency. 
Proposal 3: RAN1 needs to make a performance comparison between a TDD system supporting short TTI and a TDD system not supporting short TTI. 
3 Conclusions
In this contribution, we discussed TDD-specific issues for TTI shortening, where those can be summarized as below. 
Observation 1: When new special subframes are introduced for TDD supporting short TTI, it is unclear where performance gain comes from. 
Observation 2: U-plane latency in [3] is related to HARQ RTT and UL access delay rather than UPT and packet data latency.
Proposal 1: Regarding performance gain, RAN1 needs to conclude whether the performance gain comes from TTI shortening itself or from introducing new special subframe. 
Proposal 2: For TDD as well as FDD, UPT and packet data latency are recommended for performance comparison.
Proposal 3: RAN1 needs to make a performance comparison between a TDD system supporting short TTI and a TDD system not supporting short TTI.
References

[1] RP-150465, “Study on Latency reduction techniques for LTE,” RAN#67, Mar. 2015.
[2] 3GPP TR 36.881 V0.6.0, “Study on latency reduction techniques for LTE,” Mar. 2016.
[3] 3GPP TR 36.912 V13.0.0, “Feasibility study for further advancements for E-UTRA,” Dec. 2015.
[4] R1-162703, “SLS results of TTI shortening: Effect of FTP file sizes,” Samsung, RAN1#84bis, Apr. 2016.
[5] R1-162704, “SLS results of TTI shortening: Effect of HARQ RTT,” Samsung, RAN1#84bis, Apr. 2016.
[6] R1-162705, “SLS results of TTI shortening: Effect of UL access delay,” Samsung, RAN1#84bis, Apr. 2016.
Page 3

