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1. Introduction

3GPP approved a Rel-13 SI on Latency Reduction Techniques at RAN#67 [1]. The major objectives are to study enhancements to the E-UTRAN radio system to “significantly reduce the packet data latency over the LTE air interface for an active UE” and “reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected or idle state)”.  
In this contribution, we discuss the issues outlined in the SID and make several proposals regarding the scope of the study.
2. Discussion

Current E-UTRAN Latency

Before discussing techniques to lower the LTE latency, it is informative to investigate the current latency in E-UTRAN.
A break-down of latency on data plane between UE and P-GW is shown in Figure 1 and an estimation is shown in Table 1. On average, the packet needs to wait for 0.5 ms for the start of the next TTI. Here, we assume that HARQ RTT is 8ms and retransmission probability is 10% on first attempt and 0% on second attempt.  On uplink, it is assumed that SR periodicity is 5ms and the reception of scheduling grant takes 4 ms. On downlink, we assume there is no buffering delay and the only latency is due to HARQ transmissions. Each node (UE, eNB, S-GW, and P-GW) requires 1.5ms processing delay (PD) and each network hop transmission time is about 1ms. As shown in the table, the average round trip delay between UE and P-GW including retransmission and the scheduling delay is approximately 32 ms.
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Figure 1. E-UTRAN Data Plane Latency\
Table 1. LTE RTT Latency Estimation
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As it can be seen above, the over-the-air delay can occupy a significant component of the total latency, especially for uplink. The latency can further increase if lower HARQ re-transmission BLER targets are used. Therefore, there is incentive to optimize this component as described in the SID. We should also note that the network component of the latency can be further reduced via implementations and better backhaul while over-the-air delay is upper bounded by the specifications (e.g. TTI, HARQ RTT).
Observation 1: The network component of end-to-end latency in E-UTRAN can be optimized by implementations while that flexibility is more limited for OTA latency.
Use Cases
One important question is whether latency reduction for LTE can bring any significant benefits to current and future applications in order to justify such changes. At a high level, it can be imagined that latency reduction can improve the performance of current applications and enable new applications and deployment areas for LTE. These should certainly be studied during the SI by showing the expected benefits and describing new applications that require latency which cannot be satisfied by current LTE specifications.
For the current applications, one immediate use case is TCP throughput which is limited by latency as can be seen in a simple approximation formula (here MSS is Maximum Segment Size and RTT is Round-Trip-Time for TCP): 
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During the SI, the TCP throughput improvement by latency reduction techniques should be analysed by either using analytical methods or via simulations.

For future applications, new use cases such as mission critical applications (e.g. drones, robotic control) are potential candidates.

Proposal 1: The SI should analyze and quantify the performance benefits of latency reduction on current and future applications as well as capture new applications which cannot be supported under current E-UTRAN latency.
Fast Uplink Access 
For improving uplink access, the SID captures that “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”.
Due to the scheduled nature of LTE uplink, one major component of uplink access delay is signalling for scheduling grants where UE needs to send an SR or BSR and wait for and process scheduling grants. Even though pre-allocating scheduling grants to a UE can solve this problem, it is not very efficient as mentioned in the SID. A better alternative is to pre-allocate the same resources to multiple users. Even though there could be contention for these resources, just like RACH, this method can provide quick transmission of BSR and small payloads. We note that current SPS specification do allow giving the same resources to different users; however, the users have to transmit on these resources even if they do not have data (dummy packet by padding)

Proposal 2: Contention based uplink resource allocation on PUSCH which are more efficient than SPS should be studied.
Reducing HARQ Latency

HARQ improves link level performance and reduces residual packet error rates by compensating for link adaptation errors. However, it also introduces additional latency where for example a second transmission increases the transmission latency by 9 times in LTE. Therefore, it is beneficial to study mechanisms which can improve the performance and reliability of link rate adaptation. These can be done for example by providing faster CSI feedback during data bursts.
Proposal 3: Improved link rate adaptation techniques to minimize HARQ retransmissions should be studied.

Reduced TTI and Processing

The SID also includes studying reduction of TTI to a slot and symbol level as well as reduction of processing times. Even though the design of shorter TTIs requires RAN1 expertise, RAN2 can study the performance benefits both qualitatively and quantitatively before RAN1 SI starts. These can include simulation results on typical 3GPP traffic models (e.g. FTP) as well as on TCP throughput. The exact modeling could vary between companies due to the TBD physical layer design; however these results can still provide a high level understanding of the performance benefits.
Proposal 4: RAN2 should evaluate the performance gains of reduced TTI and processing times via simulations.
3. Conclusion

In this contribution, we discussed the issues that should be studied in the Latency Reduction SI at a high level and make the following proposals:

Proposal 1: The SI should analyze and quantify the performance benefits of latency reduction on current and future applications as well as capture new applications which cannot be supported under current E-UTRAN latency
Proposal 2: Contention based uplink resource allocation on PUSCH which are more efficient than SPS should be studied
Proposal 3: Improved link rate adaption to minimize HARQ latency should be studied
Proposal 4: RAN2 should evaluate the performance gains of reduced TTI and processing times via simulations
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