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1. Introduction
The study item (SI) entitled “Study on Latency reduction techniques for LTE” was approved by the RAN plenary #67 [1]. The objective of this SI is to investigate technical solutions for improving the packet data latency from the aspects of the L2 protocol and physical layer. The motivation paper of this SI [2] and some other contributions [3]-[9] present and discuss some solutions that realize fast uplink access in RRC connected in-sync UEs. In this contribution, we provide some views with a particular emphasis on the fast uplink access based on a pre-grant procedure.
2. Discussion
2.1. Uplink resource efficiency in fast uplink access
The solution shown in the related motivation paper [2] called “Fast uplink access” was discussed in other contributions [3]-[9]. In this solution, an eNB pre-grants radio resources for PUSCH to a UE in advance of occurrence of uplink transmission data on the UE side, and the UE does not transmit any padding if the UE does not have any transmission data in the buffer. Here, we call the period when the UE has the pre-granted radio resources the “pre-granted phase” and the period after the UE starts its data transmission the “active phase”. Also, in the RAN2 #90 meeting, it was agreed that the web application (HTTP/FTP+TCP) use case should be considered in this SI. Therefore, this enhanced pre-grant solution could improve average throughput of TCP-based downlink traffic because TCP ACK in the uplink can be transmitted as soon as it occurs at the UE side, which leads to latency reduction. However, this solution consumes additional uplink radio resources and the resources cannot be utilized by the other UEs as shown in Figure 1 because the other UEs cannot know when the UE that has the pre-granted resources starts the active phase, which means there would be slight degradation in the uplink spectrum efficiency. Considering the current unbalanced amount of data traffic between downlink and uplink, slight degradation in uplink spectrum efficiency might not be a major problem, especially in FDD networks. However, in traffic congestion areas, such as urban areas, whether or not there is an impact on some aspects, for example, the capacity of VoLTE and throughput in case of file upload, are matters of concern to operators.
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Figure 1:
Pre-granted radio resources cannot be utilized by other UEs.
Observation 1: The enhanced pre-grant solution leads to degradation in the uplink spectrum efficiency.
To prevent the degradation of uplink spectrum efficiency for the pre-grant solution, the contention-based PUSCH solution is mentioned in some contributions [3]-[5]. Because this solution does not prepare separate radio resources for each UE but instead prepares common radio resources for plural UEs, the uplink spectrum efficiency does not degrade too much. This solution has some problems that must be solved in collision cases, HARQ feedback handling and so on, and it is considered that it will have a major impact on specifications. However, if the degradation of uplink spectrum efficiency from the pre-grant solution is prevented, then operators might readily adopt this solution in traffic congestion areas and many UEs would receive a benefit of this solution. Therefore if RAN2 study the feasibility of the protocol for pre-grant solution, then it might be good to study the protocol for a contention-based solution too as a way of enhancing the pre-grant solution.
Proposal 1: if RAN2 study the feasibility of the protocol for the pre-grant solution, then it might be good to study the protocol for the contention-based solution as a way of enhancing the pre-grant solution.
2.2. Discussion on modified SPS mechanism for the pre-grant solution
In the motivation paper [2], the L2 protocol solution is shown as an example where the radio resources are pre-granted by the (modified) semi-persistent scheduling (SPS) mechanism to a UE and the UE that is granted the radio resource does not transmit padding while it does not have data in the buffer. On the other hand, TS 36.321 contains the following description about the implicit release of existing uplink SPS [10].
The MAC entity shall clear the configured uplink grant immediately after implicitReleaseAfter [8] number of consecutive new MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the Semi-Persistent Scheduling resource.
From this description the implicit release of the existing uplink SPS expects a UE to transmit padding even if the UE does not have transmission data in the buffer. Thus, if the L2 protocol solution proposed in [2] is adopted, RAN2 needs to study the solution taking interaction with the existing SPS mechanism into consideration. In particular, RAN2 needs to discuss in which cases the requirement to transmit padding can be removed. For example, Figure 2 shows the cases for which we need to discuss whether the requirement to transmit padding is removed or not, as listed below.
· Resources granted via modified SPS in pre-granted phase and active phase.

· Resources granted via existing SPS in pre-granted phase and active phase.

· Resources granted via dynamic scheduling in pre-granted phase and active phase.
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Figure 2
Cases for which we need to discuss whether the requirement to transmit padding can be removed.
Proposal 2: if RAN2 study the modified SPS solution in conjunction with changing the requirement for transmitting padding, it is needed to study the solution taking interaction with the existing SPS mechanism into consideration.
3. Conclusion
In this contribution, we provided some views on the fast uplink access based on a pre-grant procedure. Our views are summarized as follows
Observation 1: The enhanced pre-grant solution leads to degradation in the uplink spectrum efficiency.

Proposal 1: if RAN2 study the feasibility of the protocol for the pre-grant solution, then it might be good to study the protocol for the contention-based solution as a way of enhancing the pre-grant solution.
Proposal 2: if RAN2 study the modified SPS solution in conjunction with changing the requirement for transmitting padding, it is needed to study the solution taking interaction with the existing SPS mechanism into consideration.
References
[1] RP-150465, “New SI proposal: Study on Latency reduction techniques for LTE,” Ericsson, Huawei.
[2] RP-150310, “Study on latency reduction techniques for LTE,” Ericsson.
[3] R2-152740, “Scope of Latency Reduction Study,” Qualcomm Incorporated.
[4] R2-152293, “Potential Improvement Area for Latency Reduction,” LG Electronics Inc.
[5] R2-152383, “UL Contention Based Access for Latency Reduction,” MediaTek Inc.

[6] R2-152301, “Latency Reduction Rel-10 discussion recaps,” Nokia Networks.

[7] R2-152420, “Guidelines for Latency Reduction Enhancement in RRC_Connected Mode,” ZTE.

[8] R2-152457, “Analysis on uplink issues for latency reduction,” Huawei, HiSillicon.

[9] R2-152629, “Initial consideration of fast uplink access solution,” Kyocera.

[10] TS 36.321 V12.5.0 (2015-03)

