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1
Introduction
The study item “Latency reduction techniques for LTE” [1] was approved in RAN #67, with the following objective:

· 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. Apart from the study on the potential gains like reduced response time by the latency improvements on typical applications, the fast uplink access solution is another key aspect for RAN2 discussion. 
According to the work plan [2], RAN2 should start study protocol changes and specification impact for reducing latency in this meeting. In this paper, we discuss the potential protocol enhancement for the fast uplink access solution.
2
Discussion
Fast uplink access [3] refers to a solution area where UL grant is available before sending SR so that there is no need to go through the lengthy procedure from SR before data transmission (no regular SR and BSR procedure). Fast uplink scheduling can be achieved with protocol enhancements in L2 without changing TTI length.
Uplink grant could be proactively allocated to a UE if there are resources available when eNB expects some UL data from the UE (e.g. TCP ACK), thereby avoiding delays in uplink with SR and BSR. This is supported already in Rel-8 with pre-scheduling. As another alternative, with semi persistent scheduling, eNB can assign radio resources for UE with configured periodicity.  Introducing shorter SPS periodicity can also be a potential way to reduce latency.
Both pre-scheduling and shorter SPS periodicity are facing a common issue with power inefficiency. In Rel-8/9 a UE receiving an UL grant and having no data to transmit is mandated to send a MAC CE PDU with padding Buffer Status Report (BSR) indicating buffer filling level 0 [4], which would increase the UE power consumption, especially if the eNB is extensively using blind scheduling to reduce latency. The increase in power consumption can be significant since the reception of uplink grant on PDCCH starts the DRX inactivity timer as well as the short cycle timer (if configured). 
There had been some proposals to allow UE to skip empty BSR when there is no UL data to be transmitted [5]. It would be beneficial for saving the UE battery which is also listed as one main aspect to be studied in Rel-13 SI. One side effect of skipping empty BSR is that the eNB cannot distinguish it from PDCCH missing thus might impact link adaptation. Some grant prohibit timer can be introduced to allow more flexible eNB controlling, which prohibits empty BSR transmission when the timer is running and the timer is restarted at each UL MAC PDU transmission with zero MAC SDU [6].

Proposal 1: With fast uplink grant solution, UE skips sending padding empty BSR for configured prohibit period if there is no data in UL buffer.
There are some implications of proposal 1 to the MAC specification, e.g. for implicit SPS release, since the SPS grant is released when the empty BSR is actually transmitted, the occasions when the UE skips the BSR should not be counted. It would impact DRX operation as well, e.g. handling of inactivity timer /short cycle timer may be different; the UE should  not start inactivity timer/short cycle timer if it does not performs a transmission and the same at the eNB side if it does not receive any data when the fast UL grant is configured. 
Besides, when DRX is configured, the UE is not required to monitor PDCCH when it is not in Active time. Therefore it has to wait until it is in “wake-up” status to check the potential UL grant, e.g. when SR is sent; there may be long delay before UE waking up from sleep depending on the DRX configuration which would defeat the purpose of latency reduction. To reduce the delay, it will be optimal that the UE could switch to DRX active time and monitor PDCCH if the UE has data to send and knows that eNB will pre-allocate the UL grant.
In summary, the fast UL access with small enhancements on BSR and DRX can enable latency reduction without increasing of UE power consumption. To ensure backward compatibility it is necessary to introduce an activation/deactivation mechanism of the fast uplink grant. The fast uplink allocation could be activated/deactivated by dedicated RRC signalling, e.g. the RRC reconfiguration procedure. 
When the fast uplink access is configured, 
· UE does not send an empty padding BSR for configured prohibit period when there is no UL data and it does not start drx-InactivityTimer and drxShortCycleTimer if not using the UL grant

· UE works in DRX Active state if DRX is configured when a regular BSR has been triggered (i.e., there is UL data).

Proposal 2: The fast uplink access is explicitly configured to enable/disable the new operations in UE and eNB.
3
Conclusion
This contribution provided analysis of the fast uplink access with following proposals made. 
Proposal 1: With fast uplink grant solution, UE skips sending padding empty BSR for configured prohibit period if there is no data in UL buffer.
Proposal 2: The fast uplink access is explicitly configured to enable/disable the new operations in UE and eNB.
Simulation result comparing fast uplink access with legacy SR procedure is provided in [7]. Text proposal for the TR 36.881 is provided below.
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Beginning of Text Proposal
8.1
Protocol enhancement for fast uplink access
Fast uplink access refers to a solution where UL grant is available before sending SR so that there is no need to go through the lengthy procedure for SR/BSR before UL data transmission. Uplink grant could be proactively allocated to a UE if there are resources available when the eNB expects some UL data from the UE (e.g. TCP ACK). 

Pre-scheduling and SPS are already possible to pre-allocate grant to a UE since Rel-8 (current shortest SPS periodicity is 10ms, shorter periodicity could be introduced to reduce latency). They are not very power efficient considering that the eNB is not always aware of the exact timing when there is UL data transmission at the UE side, hence empty BSR will need to be transmitted every time when there is a grant without UL data and DRX inactivity timer/DRX short cycle timer will be started which will pre-long the DRX active time. 

One potential protocol enhancement to improve power efficiency as well as minimise the impact on the eNB link adaptation is to configure the UE to skip empty BSR for a certain configured period if there is no UL data to be transmitted from the pre-allocated UL resource. If configured with DRX, inactivity timer and DRX short cycle timer should not be started if there is no UL transmission even though there is PDCCH allocation for new transmission. Besides, to ensure the UE monitors PDCCH when the eNB pre-schedules it, the UE should work in DRX active state if DRX is configured when a regular BSR has been triggered, instead of after SR is sent.
End of Text Proposal
