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1.	Introduction
In the Study Item “Study on Latency reduction techniques for LTE” [RP-150465], TCP throughput improvement is one of the expected result of protocol enhancement for latency reduction. For TCP throughput improvement, it is quite obvious that providing uplink grant quickly, even with zero delay by pre-scheduling, is beneficial. 
In RAN2 #91 meeting, the followings has been agreed:
Agreements
1	It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.
2	A shorter SPS interval (1 TTI) should be supported

With these agreements, it seems that the pre-scheduling, i.e., providing dynamic or configured uplink grant in advance to SR/BSR, would efficiently work for latency reduction in TCP ACK transmission, the details need to be discussed in RAN2 though. 
In this contribution, we present further details of pre-scheduling for TCP ACK transmission.

2.	Discussion
We are going to look into details on UL grants for the transmission of data which is roughly predictable when it becomes available for transmission, e.g., TCP ACK. 
Based on the agreements made in RAN2 #91 and dynamic/SPS UL grants what we have today, there would be two methods in pre-scheduling including the followings:
· Method 1. The eNB configures SPS UL grants with 1ms of interval.
· In method 1, the UE receives SPS configuration from the eNB, initializes (activates) SPS UL grants upon receiving PDCCH addressed by SPS C-RNTI, and skips uplink transmission if there is no data available for transmission in RLC/PDCP entities. 
· Pros: 
· Once SPS UL grant is configured and initialized (activated), the UE can use the configured SPS UL grant until it is released without any additional signaling.
· Cons: 
· The UE can utilize the SPS UL grants only through multiple steps, i.e., the eNB provides SPS configuration and then initializing (activating) SPS UL grants. Therefore, even in case the SPS UL grants needs to be initialized as soon as it is configured, the eNB needs to perform the separate steps. This would delay in using SPS UL grants.
· The UE can be configured with only one SPS configuration, i.e., one interval. As VoIP traffic and TCP ACK are different in their characteristic, it would be inefficient to serve VoIP traffic and TCP ACK with one SPS configuration. Therefore, the eNB may need to frequently configure/release SPS UL grants according to the expected traffic. 
· SPS can only be configured on SpCell in CA. 
· Method 2. The eNB provides multiple UL grants for multiple subframes without receiving BSR from the UE.
· In method 2, the eNB predicts the UL data transmission without receiving BSR from the UE, and provides multiple UL grants for multiple subframes where the UE may transmit UL data. When the UE receives a PDCCH containing UL grant, the UE skips uplink transmission if there is no data available for transmission in RLC/PDCP entities. 
· Pros: 
· There is no additional steps to use the UL grants as in SPS UL grants, i.e., configuration/initialization.
· Scheduling flexibility can be dynamically achieved depending on the TCP ACK predictability, cell load, etc. 
· Cons: 
· If the eNB wants to provide dynamic UL grants for multiple subframes due to, e.g., unpredictability of UL data, the eNB should transmit PDCCH multiple times. It naturally increases signaling overhead. 

Above two methods are already supported and can be used with a small change in the specification. However, as addressed in the above, both methods are not so efficient in terms of signaling overhead (method 1 and method 2) and delay in using the UL grants (method 1). 
Observation. For TCP ACK transmission, either SPS with 1ms of interval or multiple UL grants for multiple subframes may not be efficient in terms of signaling overhead and delay in using UL grants. 

Based on the observation, a simple enhancement of dynamic UL grant could be considered in this SI, i.e., to introduce a long-duration UL grant which is valid and can be used for configured multiple subframes [2-5]. 
The intention is to avoid transmitting multiple PDCCHs for multiple UL grants. This can be realized by providing the time period (multiple subframes) during which the UL grant is valid. The benefit would be the reduced signaling overhead especially for the data which could only be roughly predictable when it becomes available for transmission, e.g., TCK ACK. 
Given that latency reduction for TCK ACK would result in throughput improvement of TCP, which is one of the dominating use case of internet, it seems to be worth discussing enhancement of dynamic UL grant. Moreover, this would require only a reasonable change in the specification, i.e., the eNB provides the time period during which the UL grant is valid by taking e.g., predictability of data occurrence or scheduling policy, into account. Thus, we would like to propose:
Proposal. To introduce a long-duration UL grant which is valid for configured multiple subframes. 

3.	Conclusion
In this contribution, we looked into the details on scheduling of data such as TCP ACK based on the agreements in RAN2 #91 and the current dynamic/SPS UL grants in LTE. We observed that:
Observation. For TCP ACK transmission, either SPS with 1ms of interval or multiple UL grants for multiple subframes may not be efficient in terms of signaling overhead and delay in using UL grants. 
Based on the Observation, we propose as below:
Proposal. To introduce a long-duration UL grant which is valid for configured multiple subframes. 
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