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1. Introduction

RAN#67 approved a new Release 13 Study Item on Latency reduction techniques for LTE [1]. One of the RAN2’s objectives is to study the fast UL access solutions for the UEs in RRC Connected to reduce UP latency for the scheduled UL transmission and to get a more resource efficient solution. 

In this contribution, we proposed a scheduling request (SR) procedure that combined SR and buffer status report (BSR) to reduce UP latency. 
2. Discussion
2.1. Combined SR and BSR
Figure 1(a) shows the signaling chart for UL transmission without combined SR and BSR [2]. It’s observed that the eNB will grant an UL resource for transmitting BSR if the eNB has no idea about the size of the transmitted data. Therefore, eNB needs one more round trip to grant enough resource for UL transmission. To reduce the latency of SR, we proposed combined SR and BSR, whose signaling chart is shown in Figure 1(b). The UE transmits combined SR and BSR in the first step. After receiving the SR and BSR, the eNB get the information about which UE and how much data of the UE will be transmitted. Then the eNB will grant UL resource for transmitting the data. Table 1(a) and 1(b) present the latency component analyses for the case without combined SR and BSR and the case with combined SR and BSR, respectively. 
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Figure 1. UL transmission delay (a) without combined SR and BSR and (b) with combined SR and BSR.

Table 1(a) Radio access latency components for an UL transmission from a UE without combined SR and BSR
	Component
	Description
	Time (ms)

	1
	Average waiting time for PUCCH (1ms SR period)
	0.5

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of Buffer Status Report
	1

	7
	eNB decodes Buffer Status Report and generates the Scheduling Grant
	3

	8
	Transmission of Scheduling Grant
	1

	9
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	10
	Transmission of UL data
	1

	11
	Data decoding in eNB
	3

	
	Total delay [ms]
	20.5


Table 1(b) Radio access latency components for an UL transmission from a UE with combined SR and BSR
	Component
	Description
	Time (ms)

	1
	Average waiting time for PUCCH (1ms SR period)
	0.5

	2
	UE sends Scheduling Request and Buffer Status report
	1

	3
	eNB decodes Scheduling Request and Buffer Status report and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	7
	Data decoding in eNB
	3

	
	Total delay [ms]
	12.5


Observation 1. eNB will grant an UL resource for transmitting BSR if the eNB has no idea about the size or the type of the transmitted data. Therefore, eNB needs one more round trip to grant enough resource for UL transmission.
Proposal 1. RAN2 to consider the combined SR and BSR for scheduling request procedure. 
2.1.1  Combined SR and ProSe BSR
To reduce the access delay or maintain service continuity, latency issues for ProSe communication had been studied. [3] For ProSe Mode 1 communication, the eNB has no idea about whether the SR is for UL or sidelink until it receives a ProSe BSR. The combined SR and ProSe BSR helps the UE/Relay UE quickly get the sidelink resource. Figure 2 shows the signalling chart for the combined SR and ProSe BSR. 
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Figure 2. Sidelink transmission delay with combined SR and ProSe BSR.

Proposal 2. RAN2 to consider the combined SR and ProSe BSR for sidelink scheduling request procedure. 
2.2. Implementation of combined SR and BSR 
Two types of combined SR and BSR are considered. 
1. Contention free combined SR and BSR
The dedicated resource for combined SR and BSR may be configured by RRC configuration. Followed by LTE specification, the SR is periodically transmitted on the dedicated PUCCH resource and is contention free. The remaining issue is how to implement contention free BSR. There are two methods to implement the contention free combined SR and BSR. 
a. Combined SR and BSR on PUCCH: Because of limited resource on PUCCH, the BSR carries several bits information such as logical channel ID and buffer size index. The standard impact for this method needs to define a new PUCCH format for the combined SR and BSR. 
b. Combined SR on PUCCH and BSR on PUSCH: eNB configures the combined SR and BSR in the same TTI. When SR is triggered, the UE transmits SR on PUCCH and associated BSR on PUSCH as shown in Figure 3(a). The BSR is carried on a MAC PDU and being transmitted on PUSCH, and the benefit is a MAC PDU can carry more information such as buffer status for multiple logical channels or leftover data. However, this method may cause waste when SR is not triggered. 
2. Contention based combined SR and BSR

The dedicated resource of SR is configured on PUCCH following the LTE specification, while the contention based resource of BSR is configured on PUSCH. Considering resource utilization, one or more SR may associate with the same PUSCH resource block as shown in Figure 3(b). Comparing with contention free combined SR and BSR, contention based combined SR and BSR is more resource efficient. However, collision of the BSR is possible. When collision happens to the BSR, the eNB still knows which UE sends the SR and grants UL resource for the following BSR and associated data. 
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Figure 3. (a) Contention free combined SR and BSR (b) contention based combined SR and BSR

Proposal 3. RAN2 to consider the contention free and contention based combined SR and BSR allocation for scheduling request.
3. Conclusions
In this contribution, we study the drawback of the scheduling request procedure and propose combined SR and BSR to reduce the UL transmission. 

Observation 1. eNB will grant an UL resource for transmitting BSR if the eNB has no idea about the size or the type of the transmitted data. Therefore, eNB needs one more round trip to grant enough resource for UL transmission.
Proposal 1. RAN2 to consider the combined SR and BSR for scheduling request procedure. 

Proposal 2. RAN2 to consider the combined SR and ProSe BSR for sidelink scheduling request procedure. 
Proposal 3. RAN2 to consider the contention free and contention based combined SR and BSR allocation for scheduling request.
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