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1. Introduction

RAN#67 approved a new Release 13 Study Item on Latency reduction techniques for LTE [1]. RAN2 studies the dedicated prescheduling resource and contention-based PUSCH to prevent scheduling request (SR) procedure for UL transmission. Although the prescheduling resource allocation is independent from SR procedure, delivering data/BSR on the prescheduling resource without SR may have impact on SR/BSR procedure. 
In this contribution, we proposed new scheduling request and scheduling grant procedure based on prescheduling resource. 
2. Discussion
2.1. Issues of scheduling request when prescheduling resource is allocated
As described in TS 36.321, the SR is used for requesting UL-SCH resources for new transmission and being triggered when BSR is triggered but no UL grant is configured at the TTI. After transmitting the SR, the eNB will grant an UL resource after several TTIs. Based on the performance analysis in Table 1 of TR 36.881 [2], at least 3 TTI is required for the eNB to decode SR and generate the Scheduling Grant. It is possible that prescheduling resources are allocated during the SR and the Grant which is depicted in Figure 1. 
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Figure 1 An example when prescheduling resources are allocated between the SR and Grant
There are two issues when prescheduling resources are scheduled. 
1. UE behaviour: Because the UE transmits SR only depending on the UL grant at the TTI of SR opportunity while not considering the upcoming prescheduling resources, the UE may transmit unnecessary SR even the data could be transmitted on the next prescheduling resource. 
2. eNB behaviour: The eNB may receive SR and Buffer Status Report (BSR) from the prescheduling resource,  and the eNB may allocate unnecessary UL resources for the UE. 
Observation 1. UE may transmit unnecessary SR even the data could be transmitted on the next prescheduling resource.
Observation 2. eNB may allocate unnecessary UL resources for the UE after receiving unnecessary SR. 
Proposal 1. RAN2 to consider the interaction between SR procedure and prescheduling grant. 
2.2. UE scheduling request procedure based on prescheduling resource
Figure 2 shows that a UE needs at least 9 TTIs for transmitting the data after transmitting the SR. Figure 3 shows that UE needs (t1 + 4 TTIs to transmit the data through the dedicated prescheduling resource, where (t1 is the time interval between this TTI and the next pre-scheduling resource. Figure 4 shows that UE may need additional 8 TTIs to transmit the data through the CB-PUSCH prescheduling resources and collision happens. 
We could assume that UE needs (t1 + 4 + p*8 TTIs to transmit the data through the prescheduling resource where p is the collision probability and could be estimated from the past transmission or notified by the eNB. If (t1 + 4 + p*8 TTIs is larger than 9 TTIs, it’s better to transmit the SR because it costs less latency to transmit data through SR procedure. Otherwise, it costs less latency to transmit the data through the prescheduling resource. The UE may further check if there is enough resource for transmitting the triggered BSR by comparing ((Prescheduling resource) – (MAC header) – (buffered data with higher priority logical channel)) with the BSR. If ((Prescheduling resource) – (MAC header) – (buffered data with higher priority logical channel)) is smaller than the BSR, it’s better to transmit the SR because the triggered BSR and the associated data could not be transmitted on the next prescheduling resource. Otherwise, the UE can omit the SR. 
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Figure 2 A UE needs at least 9 TTIs to transmit the data after transmitting the SR
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Figure 3 A UE needs (t1 + 4 TTIs to transmit the data on the dedicated prescheduling resource
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Figure 4 A UE may need (t1 + 12 TTIs to transmit the data when collision happens on the CB-PUSCH
Standard impact: 
To check if there is enough resource for transmitting the triggered BSR, the UE may need the information of the size of the prescheduling resource. If minimum size of the prescheduling resource is configured by SPS for transmitting the BSR, the UE can omit the SR and timely transmit BSR on the prescheduling resource. On the other hand, eNB can schedule additional resource by PDCCH to maintain its scheduling flexibility.
Proposal 2. UE may omit the scheduling request (SR) if the triggered BSR can be transmitted on the next prescheduling grant and cost less latency than transmitting through SR. 
Proposal 3. Minimum size of the prescheduling resource could be configured by SPS configuration.
2.3. eNB scheduling grant procedure based on prescheduling  resource
As shown in Figure 1, the eNB may receive the SR and then receive multiple BSRs from the following prescheduling resources. To prevent allocating unnecessary resource, the eNB should consider the SR and the BSRs as the same UL-SCH resource request if they are received by the eNB within a time window, and then the eNB grants resource based on the last received BSR. 
Standard impact: The scheduling grant is an allocation algorithm of the eNB, and it should be no standard impact. 
Proposal 4. eNB may allocate UL-SCH resource based on the last received BSR if BSRs are received before scheduling grant for the received SR. 
3. Conclusions
In this contribution, we study the interaction between SR procedure and prescheduling grant and propose scheduling request and scheduling grant procedure based on the prescheduling grant. 

Observation 1. UE may transmit unnecessary SR even the data could be transmitted on the next prescheduling resource.
Observation 2. eNB may allocate unnecessary UL resources for the UE after receiving unnecessary SR. 
Proposal 1. RAN2 to consider the interaction between SR procedure and prescheduling grant. 
Proposal 2. UE may omit the scheduling request (SR) if the triggered BSR can be transmitted on the next prescheduling grant and cost less latency than transmitting through SR. 

Proposal 3. Minimum size of the prescheduling resource could be configured by SPS configuration.
Proposal 4. eNB may allocate UL-SCH resource based on the last received BSR if BSRs are received before scheduling grant for the received SR. 

Proposal 5. RAN2 to adopt the text proposal in the appendix to TR 36.881. 
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Appendix 

8
     Solutions for latency reduction 
8.x    Scheduling request omission procedure 
When prescheduling resources are scheduled for a UE, the UE shall consider the timing and the size of the next prescheduling resource to decide whether to transmit the scheduling request (SR). The eNB may configure a minimum size of the prescheduling resource for transmitting buffer status report (BSR). If the triggered BSR at this TTI could be transmitted on the next prescheduling resource, and the time cost of transmitting the triggered BSR through the next prescheduling resource is less than the one through the SR, the UE may omit the transmission of SR. 
8.y    Scheduling grant procedure based on prescheduling resource 
When an eNB receives SR and buffer status reports (BSRs) from the prescheduling resources before scheduling grant, the eNB may consider the SR and the BSR(s) as the same UL-SCH resource request and grant resource based on the last received BSR.
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