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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines the general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 1-10-5 to transmit a 32 bytes packet within 1 ms.
In NR, scheduling based transmission is supported in both DL and UL. With dynamic scheduling, the network can assign the resources to the UE in a very flexible manner according to the amount of data in the buffer and hence optimize the resource utilization. On the other hand, as already supported in Rel-15, UL grant free transmission is one way to reduce latency for URLLC services. According to 38.331 [2], there are two types of UL grant free transmission.
“The SPS-Config IE is used to configure semi-persistent transmission according to two possible schemes. The actual uplink grant may either be configured via RRC (type1) or provided via the PDCCH (addressed to SPS-RNTI) (type2).”
Based on the outcome from RAN1, in this contribution we discuss the way to increase the reliability while keeping latency reduction in mind specially for URLLC UEs.
This is a resubmission of R1-1802550.
	Discussion
2.1 Multiple transmission mode configurations
Similar as in LTE, grant-based uplink data transmission takes place after sending a scheduling request (SR) from the UE and receiving an uplink grant signalled back from gNB after SR is successfully received. Clearly this procedure adds at least one round-trip latency in the UL data transmission which finally will result in increased E2E latency. Moreover, with grant based UL transmission, high reliability requirements apply to control information as well including SR and resource assignment.
As another alternative, UL grant free transmission can be utilized to remove the scheduling latency where gNB can pre-configure the resource for UL grant free usage. Two types of UL grant free operation have been agreed in RAN1. In addition, UL grant free transmission can reduce signaling overhead comparing to than grant based UL transmission. However, grant free transmission is not always the best choice as the shared resource might be populated with grant free UEs, and collisions become noticeable at high load scenario. This will result in not only URLLC capacity degradation, but also performance degradation in terms of reliability. 
To guarantee the reliable reception of the URLLC transmissions, simultaneous support of both modes, i.e., grant-based transmission and grant-free based transmission for a URLLC UE should be considered. Different transmission mode can be a part of the initial transmission and/or the retransmission. Figure 1 below shows one example case where URLLC UEs are configured with both transmission modes. Depending on the resource allocation, the same TB could be potentially transmitted with two modes. Either resource for SR transmission or resource for UL GF transmission can take place first when the packet is coming. In the example shown in Figure 1, UE#1 is transmitting UL grant free data first then SR. While for UE#2, SR is transmitted before UL grant free data transmission. At the gNB side, for UE#1, in case the data packet over GF resource is correctly received at gNB, gNB could ignore the SR request in case UL grant has not been sent. And the case with UE#2 will be different. This is because gNB received SR first, most likely it already sends resource grant to UE#2 before completing the data packet decoding process.




[bookmark: _Ref505789015]Figure 1 Configuration of grant based and grant-free based initial transmissions for the same TB
With such configuration, the reliable reception can be improved as both transmission modes offer different benefits. In case one transmission mode is suffering from potential issues, the other mode could lead to successful reception. Considering the case where both transmission modes mode are supported, the probability for successful reception can be simply expressed as (no combining considered between grant and grant-free receptions):
	
	
	(1)


where
·  denotes the failure probability of reception due to grant-based allocation using SR. It can be further elaborated as

where  and  denote the failure probabilities of SR reception, resource grant reception and data reception respectively. 
·  denotes the failure probability of data reception due to grant-free transmission which may happen due to fading and/or collisions. 
Obviously, as can be seen from (1), the combining of these two transmission modes will lead to a better performance in terms of reliability. 
Proposal 1: URLLC UEs can be configured to transmit the initial transmission of the same TB with either grant or grant-free based transmission or both.
2.2 Scheduling and HARQ operation
Simultaneous configuration of UL grant and grant-free based transmission will bring impacts on SR response since in case no additional data packet after correctly receiving the grant free data packet, the SR can be ignored if timing allows. Depending on the decoding outcome from UL grant-free transmission, for example whether the data can be decoded correctly or just UE ID can be detected, the gNB response can be different. To be more specific, if the UE can be detected based on UL grant free transmission but not the data packet, and further SR from the same UE is detected, then gNB can allocate dedicated resource to the UE, but no need to have double allocation. While in case the UL data packet is decoded correctly, also SR gets decoded correctly, then gNB can ignore the SR. Here it is assumed that the linkage between SR and UL grant free data is known by gNB for example carried in the UL grant free data packet. Considering all the different possibilities, the following Table 1 summarizes the different possibilities.




	Table 1: Different response possibilities.	
	
	Grant-free transmission
	SR decoded successfully
	gNB response

	
	Data packet decoded successfully
	Data packet not decoded successfully 
(only UE ID decoded successfully)
	
	

	1
	Yes
	-
	Yes
	· Acknowledgement to the data, and scheduling request is either ignored or still honored depending on the timing

	2
	No
	Yes
	Yes
	· One grant-based allocation (no need to have separate allocation to both) 

	3
	Yes
	-
	No
	· Acknowledgement to the data and request UE to stop send SR for the same TB (implicitly)

	4
	No
	Yes
	No
	· Grant-based resource allocation

	5
	No
	No
	No
	· Possible retransmission from UE side

	6
	No
	No
	Yes
	· Grant-based resource allocation



Conclusions
[bookmark: _Hlk500355486][bookmark: _GoBack]In this contribution, we discussed the way to increase the reliability while keeping latency reduction in mind for URLLC UEs. Based on our discussion, we came up with the following proposal: 
Proposal 1: URLLC UEs can be configured to transmit the initial transmission of the same TB with either grant or grant-free based transmission or both.
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