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1 Introduction
URLLC related aspects for new radio (NR) have been discussed in the last RAN1 meeting. Following agreements were made during RAN1#87 [1]:
Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
· 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
In this contribution, we provide some further analysis on the high reliability for the requirement of 99.999% and the low latency for the requirement of 0.5ms User plane latency, and we discuss some potential methods to meet the requirement of URLLC. After that, we discuss the multiplexing problems of URLLC and eMBB, and analyze different aspects of UL/DL multiplexing, finally give some approaches to resolve these problems.
2 URLLC design aspects
2.1 Ultra reliability 
The ultra reliability requirement of 99.999% is a very high requirement for URLLC, so we should study some methods to meet the reliability requirement, especially control channel which should exceed 99.999%. Compared to current LTE requirement (99%), we should consider some combinational approaches, such as low code rate and transmit diversity.
The way of low code rate is obvious to improve the robustness of transmit channel. For URLLC, there are two aspects to reduce code rate. Firstly, we can reduce the DCI payload size, and which of the DCI payload could be discarded or reduce we can further study. Secondly, we can use more time/frequency resource to reduce code rate.
There are two transmit diversity schemes in LTE systems: Space Frequency Block Coding (SFBC) and Frequency Switched Transmit Diversity (FSTD). And beside these, we could also further consider other transmit diversity methods.
Proposal 1: Combinational approaches should be considered to increase reliability, such low code rate and transmit diversity.
2.2 Latency reduction
As discussed in RAN1#87, an UL transmission scheme without grant is supported for URLLC. With this method, UL can achieve lower latency in order to meet 0.5ms of user plane latency requirement, and decrease the overhead of control signals, such as SR and UL grant.

On Grant-free based transmission, resource may or may not be shared among one or more users. So we should consider two aspects. The first one is that the same URLLC services are shared among different users, and the second is different services are shared among one or more users, such as eMBB and URLLC. The second aspect will be discussed in the next section.
In the first aspect, gNB should configure resource pools to transmit URLLC signals, so different users will use the same resources. As a result, there will be strong interference among different users, so in order to resolve resource conflict problem, non-orthogonal multiple access schemes should be support for grant-free transmission. 
With the method of non-orthogonal multiple access, each user will select one preamble for the non-orthogonal multiple access resource randomly. When different users use different preambles, the receiver will decode different users’ traffic correctly with the advanced receiver, such as SIC, PIC and MPA.
When grant-free transmission scheme is used, we should further discuss HARQ/retransmission. In order to increase reliability, URLLC should support retransmissions. And if the retransmissions are triggered before HARQ feedback, latency will be further reduced. In this way, after URLLC traffic transmits, the transmitter will send retransmission data before it receives the feedback information. After that, the scheme of retransmission with grant-free should be further studied.
Proposal 2: Predefined resource pools should be supported for UL URLLC grant-free transmission

Proposal 3: Non-orthogonal multiple access schemes should be supported for grant-free transmission in URLLC

Proposal 4: Retransmissions before HARQ feedback should be supported

3 URLLC and eMBB Multiplexing

3.1 DL eMBB and URLLC Multiplexing
The eMBB data will be transmitted via one or several slot(s) while the URLLC data will be transmitted via a mini-slot. The URLLC traffic is short and sporadic, so it’s a waste of resource to reserve URLLC resource. As discussed in the previous meeting, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic for DL. And there will be the situation that the resources of URLLC can overlap with the resources of ongoing eMBB transmission. In RAN1#86 meeting, there are two methods introduced: preemption and superposition.
Preemption
With the method of preemption, when the eMBB transmission is ongoing, the URLLC will preempt the part of the eMBB resource. So the eMBB transmission will be destructed partly, and we should further study the way to recover eMBB data as shown in next section.
Even so, if the RS or control channel resources are punctured, it will be difficult to recover the eMBB data. So the destruction of RS and control channel resources should be avoided.
Preemption can improve the performance of URLLC which can increase the reliability of URLLC by punching the eMBB data. But if the eMBB UE does not detect the puncturing information for the first transmission, a higher probability for retransmission is needed, which will reduce the performance of eMBB. So indication will be sent when gNB send URLLC traffic, the eMBB UE can receive this message and know where is the preemption resource, so the eMBB data can be decoded without the puncturing data, and can be combined with the retransmitting data, which can be correct in decoding. The indication information will be sent during the time of sending URLLC traffic and the time of eMBB feedback with an independent resource.
Superposition
With the method of superposition, URLLC can transmit in the resource which is part of the ongoing eMBB transmitting resource. So the URLLC and eMBB will interfere with each other. Especially for URLLC, the ultra reliability will not meet the requirement with the interference. Hence, the method of superposition isn’t reasonable.
Proposal 5: Preemption with gNB-associated indication should be support for eMBB.
3.2 UL eMBB and URLLC Multiplexing
For UL URLLC, there isn’t an explicit decision the sharing resource can use in UL. There are two aspects which should be considered. Firstly, we discuss the situation of URLLC and eMBB transmitted from a single UE. Secondly we should study the situation of URLLC and eMBB transmitting from different UEs.
For the same UE, when the eMBB data is transmitted the URLLC data arrives at the same time. So the UE can transmit the arriving URLLC data through the method of puncturing the resource of eMBB. The gNB can also fully aware of the URLLC data by the means of blindly detection. In the grant-free transmission, it’s also feasible to transmit and receive the eMBB and URLLC data in the sharing resources.
For different UEs, when one UE transmits the eMBB data, another UE can transmit the URLLC data in the same sharing resource. The gNB will not correctly decode the eMBB and URLLC data. Especially for the situation of grant-free transmission, the grant-free UE will not be aware of the resource which is scheduled for the eMBB traffic. Therefore, the dynamic sharing resource should be used in UL.
Just like discussed above, when dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic, the resource of eMBB will be destroyed partly from URLLC traffic, so the performance of eMBB will be impacted, espacially for high code rate. There are some methods to resove this problem as below.
· Full retransmission
When the transport block (TB) isn’t transmitted correctly, the full TB will be retransmitted, just like LTE, and the receiver will receive the data correctly. Because eMBB traffic will be enormous, the full retransmission will occupy more resources, so this isn’t the best way to increase the efficiency of resource utilization.
· Partial retransmission
In this way, a transport block (TB) of eMBB is divided into several code blocks (CBs), and the CRC attaches to each code block. When one code block is not decoded correctly by checking the CB’s CRC, The CB (partial TB) can be retransmitted. So with this method, it can increase the efficiency of resource utilization. With this method, if each CB feedback ACK/NACK bits, there will be more bits in the feedback channel. As sown in figure 1, several CBs can be a group, and each group can feedback one bit, which can decrease the payload of feedback overhead. So we should further study the complexity of ACK/NACK feedback and gNB indication of the information about the code blocks for retransmission.

[image: image1]
Figure 1: CB segmentation of TB and CRC attachment
· Inter-CB interleaving
This method can be used in DL eMBB. After a transport block can be divided into several CBs, if one CB bits are punched most partly or fully, this CB can’t be decoded correctly. However, if inter-CB interleaving can be used, with which the punching bits can be dispersed into two or more CBs, the impact from URLLC traffic to all code blocks to reduce transport block reception failure from a few number of erroneous code blocks can be distributing, so with the redundancy bits and CRC bits, each eMBB CB data can be decoded correctly. The bits of a TB after channel code can be interleaved inter CBs, so the puncturing bits will be scattered, which can improve the robust by distributing the impact from URLLC traffic. And the receiver can decode this message at some code rates. 
· Outer code
Outer code can be used on eMBB in order to recover blocks which were punctured by the URLLC transmission. With the additional redundancy information, UEs can recovery eMBB data. However, this way will use more resources to transmit additional redundancy information, so it will lead to reduce the efficiency of resource utilization.
Proposal 6: Partial retransmission should be supported for eMBB
Proposal 7: Inter-CB interleaving should be supported for eMBB
4 Conclusions
This contribution summarizes our views on URLLC design for NR. The following proposals are made:
Proposal 1: Combinational approaches should be considered to increase reliability, such low code rate and transmit diversity.
Proposal 2: Predefined resource pools should be supported for UL URLLC grant-free transmission

Proposal 3: Non-orthogonal multiple access scheme should be supported for grant-free transmission in URLLC

Proposal 4: Retransmissions before HARQ feedback should be supported 
Proposal 5: Preemption with gNB-associated indication should be support for eMBB 
Proposal 6: Partial retransmission should be supported for eMBB
Proposal 7: Inter-CB interleaving should be supported for eMBB
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