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Introduction
It is well known that NR is expected to include the following scenarios and requirements.
· eMBB (enhanced Mobile Broadband)
· URLLC (Ultra Reliable and Low Latency communications)
· mMTC (massive Machine Type Communications)
In this contribution, we will focus on how to provide low latency for UL-centric services. For this purpose, we will review the UL scheduling procedure in LTE that is based on SR (Scheduling Request) and BSR (Buffer Status Report). Then, we will address potential issues to reduce the latency caused by SR/BSR.
BSR Latency Reduction
In LTE, BSR is defined to let an eNB know the buffer status of a UE. We investigate the UL scheduling procedures 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 to let the eNB know its buffer status. Based on the BSR, 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.
Observation 1: Careful investigation on reducing the latency caused by BSR should be required.
Several contributions that have been submitted to the previous RAN2 meetings suggested the following methods for reducing the BSR latency [2]. Note that our view on this issue is presented in more detail in our companion paper [3].
· Multi-bit SR for BSR: This scheme allows a UE to transmit SR that consists of multiple bits, where they can represent some information, for example, BSR. It is obvious that this scheme can reduce the BSR latency, however, it can also increase the UL control channel overhead. Especially, if we consider the fact that this scheme is mainly for URLLC, the periodicity of SR should be short enough. Then, the impact of the multi-bit SR on the UL control channel overhead can be significantly large due to not only the number of bits but also the periodicity of SR. It is true that the merit of the multi-bit SR is decreased if its transmission opportunity comes with a longer periodicity.
Observation 2: When analyzing the pros and cons of the multi-bit SR, we should consider the UL control channel overhead due to not only (a) the number of SR bits but also (b) the periodicity of SR.
· Semi-persistent resource allocation for BSR: This scheme allows a UE to transmit BSR on the reserved UL resources. Similar to the method using the multi-bit SR, it reduces the BSR latency while increasing the UL data channel overhead. In addition, it is also required to identify how the SPS for BSR will impact on the RAN2 standardization.
· Grant-free transmission of BSR: This scheme allows a UE to transmit BSR without the typical SR-UL grant procedure. If the grant-free transmission uses dedicated UL resources, it would be the same as the SPS for BSR. On the other hand, if it uses shared UL resources among multiple UEs, the waste of the resources can be avoided. However, if more than one UE transmit BSR simultaneously, collision will occur so that the latency caused by the retransmission will be added. Then, the merit of the grant-free BSR transmission becomes less.
Proposal 1: Before studying the enhanced methods for transmitting BSR, we need to define the baseline operation of BSR first, which could be based on LTE.
Conclusions
Observation 1: Careful investigation on reducing the latency caused by BSR should be required.
Observation 2: When analyzing the pros and cons of the multi-bit SR, we should consider the UL control channel overhead due to not only (a) the number of SR bits but also (b) the periodicity of SR.
Proposal 1: Before studying the enhanced methods for transmitting BSR, we need to define the baseline operation of BSR first, which could be based on LTE.
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