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Introduction
It is well known that NR includes 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 and will compare it with the contention-based UL transmission that can happen when a single UL grant is shared by multiple UEs.

In regard to this issue, RAN1 and RAN2 have discussed it so far and the following agreements have been made.

	<RAN1 #86bis>
· Consider further the tradeoffs for meeting URLLC requirements for the following:
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission.
· Other solutions are not precluded.

<RAN1 #87>
· At least an UL transmission scheme without grant is supported for URLLC.
· Resource may or may not be shared among one or more users.
· FFS: resource configuration details.
· FFS: other details of design…

<RAN1 #88>
· For UL transmission without grant
· The resource configuration includes at least the following:
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly…

<RAN1 NR AH #2>
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resource configured for a UE may or not collide with those for another UE (to be captured in the LS)…
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signaling
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signaling to activation/deactivation for UL data transmission without grant.
· Note: functionality of modification is achieved the L1 signaling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signaling to modify some parameters configured by RRC but no L1 signaling for activation.

<RAN2 #97bis>
· From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE. Mechanism to identify the UE for collision resolution purpose may be needed. The details can be discussed in RAN1.



UL Transmission with Shared UL Grant
To analyze the necessity of the UL transmission with shared UL grant among multiple UEs, we first investigate the latency of the UL scheduling procedure in LTE that is based on dedicated SR (Scheduling Request). Fig. 1 and Table 1 show its procedure and latency, respectively.


Figure 1 UL scheduling procedure in LTE
Table 1 Latency of UL scheduling procedure 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 UL scheduling in LTE requires the components 1, 2, and 3 in Table 1, which handles the dedicated SR transmitted by a UE. They are needed to give the UE a dedicated UL transmission opportunity but cause non-negligible latency. To avoid them, several alternatives including the UL transmission with shared UL grant among multiple UEs, which is also called the contention-based UL transmission, can be considered. This procedure and its latency are shown in Fig. 2 and Table 2, respectively.


Figure 2 UL transmission with shared UL grant
Table 2 Latency of UL transmission with shared UL grant
	Component
	Description
	Time (ms)

	1
	eNB sends shared UL grant*
	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 shared UL grant is provided by dynamic scheduling every 1ms
If the UL transmission with shared UL grant is used, the SR handling procedure it 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 share the same UL grant and their traffic characteristics (e.g., arrival rate). In addition, how these UEs operate after collision occurs (e.g., performing random backoff) also affects the latency.
Based on the simple analysis above, we identify that the two most important issues in the UL transmission with shared UL grant are (i) how to minimize the probability that collision occurs and (ii) how to re-attempt the transmission in case of collision. If we develop some mechanisms that can deal with these issues in an efficient manner, the UL transmission with shared UL grant can be considered to be a new feature of UL scheduling in NR.
Observation 1: In order to support URLLC, RAN1 is now discussing the UL transmission scheme without grant, where resource may or may not be shared among one or more UEs.
Proposal 1: If RAN1/2 will develop the UL transmission procedure with shared UL grant among multiple UEs, it is required to consider the following issues in detail.
· How to minimize the probability that collision occurs
· How to re-attempt the transmission in case of collision

Note that RAN2 already studied the UL transmission with shared UL grant (i.e., contention-based PUSCH) during the study on latency reduction techniques (LATRED) for LTE [1]. Accordingly, if this issue will be discussed in NR, revisiting the outcome of the LATRED discussion would be a good starting point.
Conclusions
Observation 1: In order to support URLLC, RAN1 is now discussing the UL transmission scheme without grant, where resource may or may not be shared among one or more UEs.
Proposal 1: If RAN1/2 will develop the UL transmission procedure with shared UL grant among multiple UEs, it is required to consider the following issues in detail.
· How to minimize the probability that collision occurs
· How to re-attempt the transmission in case of collision
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