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Introduction
The study item for new radio access technology, which is called NR, is expected to include the following scenarios and requirements.
· Enhanced mobile broadband (eMBB)
· Massive machine type communications (mMTC)
· Ultra reliable and low latency communications (URLLC)
In this contribution, we will focus on how to provide low latency for UL-centric services. For this purpose, we will briefly review the current UL scheduling procedure based on SR (Scheduling Request) and BSR (Buffer Status Report). Then, we will discuss which aspects should be enhanced to make this procedure faster.
UL Scheduling Issues for Latency Reduction
2.1 SR and BSR Enhancement
In LTE, BSR is defined to let an eNB know the buffer status of a UE. Let’s briefly review the current UL scheduling procedure in Fig. 1, where the UE has UL data whose size is X bytes.
Conventional operation
First of all, the UE sends SR to the eNB. By receiving this SR, the eNB can know that the UE has data to transmit but, in general, cannot know the amount of data in the UE’s buffer. Therefore, the eNB assigns an amount of resources, in which the UE can include at least BSR, without the knowledge of the UE’s buffer status.
Let’s assume that the eNB first assigns resources, in which Y (< X) bytes of the UE’s data can be included. Then, the UE transmits not only some of its data but also a BSR MAC CE to let the eNB know its buffer status. Based on the BSR MAC CE, the eNB can assign an amount of resources, in which the UE can include all of its remaining data. This procedure is illustrated in Fig. 1(a) and the related latency components are shown in Table 1.
Ideal operation
In the conventional operation, we can find that (a) the eNB cannot know the buffer status of the UE when receiving SR and that (b) the latency caused by BSR increases the overall latency until the UE completes to transmit all of its data. To study how much latency can be reduced further, we now consider the ideal case where (a) and (b) are not important issues anymore.
For this purpose, we assume that the eNB knows the UE’s buffer status in advance. Then, after receiving SR, the eNB can immediately assign an amount of resources, in which the UE can include all of its data (i.e., X bytes). In this case, the UE can complete the transmission using the first UL grant. This procedure is illustrated in Fig. 1(b) and the related latency components are described in Table 1.


Figure 1 Conventional and ideal UL scheduling procedures
Table 1 Latency comparison of each operation
	
	SR
	Proc.
	UL grant
	Proc.
	BSR + Data
	Proc.
	UL grant
	Proc.
	Data
	Total (ms)

	Conv.
	1
	3
	1
	3
	1
	3
	1
	3
	1
	17

	Ideal
	1
	3
	1
	3
	1
	-
	-
	-
	-
	9



In Table 1, we can find that the latency in the ideal operation is almost half of that in the conventional operation. It implies that developing a more efficient UL scheduling mechanism, especially focusing on SR and BSR, can possibly reduce the latency that is required for the UE to transmit all of its data in the buffer. As a result, we believe that this issue is valuable to be discussed in RAN2.
Proposal 1: RAN2 should investigate a method of reducing the latency caused by BSR to make the UL scheduling procedure in LTE faster.
2.2 Contention-based (CB) UL Transmission
To identify the pros and cons of CB UL transmission, let’s first analyze the latency of the SR-based UL transmission in LTE. Fig. 2 and Table 2 show its procedure and latency, respectively.


Figure 2 SR-based UL transmission in LTE
Table 2 Latency of SR-based UL transmission in LTE
	Component
	Description
	Time (ms)

	1
	UE waits for PUCCH (assume 10 ms SR period)
	5

	2
	UE sends SR on PUCCH
	1

	3
	eNB decodes SR and generates UL grant
	3

	4
	eNB sends UL grant
	1

	5
	UE decodes UL grant and encodes UL data
	3

	6
	UE sends UL data
	1

	7
	eNB decodes UL data
	3

	
	Total delay
	17



The SR-based UL transmission requires the components 1 ~ 3 in Table 2. They are needed to give a UE a dedicated UL transmission opportunity but cause non-negligible latency. To avoid them, several alternatives such as SPS and CB access have been considered. As an example, the procedure of CB access and its latency are shown in Fig. 3 and Table 3, respectively.


Figure 3 Contention-based UL transmission
Table 3 Latency of contention-based UL transmission
	Component
	Description
	Time (ms)

	1
	eNB sends UL grant for CB access*
	1

	2
	UE decodes UL grant and encodes UL data
	3

	3
	UE sends UL data
	1

	4
	eNB decodes UL data
	3

	
	Total delay (if collision does not occur)
	8

	5
	Collision handling procedure
(e.g., random backoff and re-attempt)
	X

	
	Total delay (if collision occurs)
	8 + X


* Assume that the resource for CB access is provided by dynamic scheduling every 1ms [3]
If the CB access is used, the SR-related procedure is not performed so that the latency seems to be reduced. However, if collision among multiple UEs’ transmissions occurs, the latency should be increased. The collision probability depends on the number of UEs that are assigned to the same CB UL grant and their traffic pattern. In addition, how these UEs operate after collision (e.g., random backoff) also affects the latency.
Based on the simple analysis above, we identify that the two most important issues in the CB access are (a) how to minimize the probability that collision occurs and (b) how to re-attempt the transmission in case of collision. If we develop some mechanisms that can handle these issues efficiently, the CB access can be considered to be a new UL transmission procedure.
Proposal 2: If RAN2 studies contention-based UL data transmission in NR, it should consider (a) how to minimize the probability that collision occurs and (b) how to re-attempt the transmission in case of collision.
Conclusions
Proposal 1: RAN2 should investigate a method of reducing the latency caused by BSR to make the UL scheduling procedure in LTE faster.
Proposal 2: If RAN2 studies contention-based UL data transmission in NR, it should consider (a) how to minimize the probability that collision occurs and (b) how to re-attempt the transmission in case of collision.
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