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1 Introduction

This contribution is a revision of R1-1805158 and reliability and latency problems with existing grant free transmission are discussed. 
2 Semi-static multiplexing between eMBB and URLLC
Based on the conclusion for UL multiplexing between eMBB and URLLC on RAN1 #92b meeting, both types of UEs can only be multiplexed together semi-statically in Rel-15. Our understanding is that it is not precluded to schedule eMBB UEs and URLLC UEs on the same T/F resources. It is possible at least when the URLLC UE is in the cell center area, the required reliability can be achieved by boosting the output power and there is no need for the eMBB UEs to reduce power so efficiency similar as DL can be achievable. When the URLLC UE is in the cell edge area, boosting power may cause too much inter-cell interference which may impact the network level efficiency and it can be considered to increase the number of repetitions of grant free transmission to enhance the reliability. 
Resources for URLLC UE are pre-configured while eMBB UEs are dynamically scheduled and when eMBB transmissions overlap with the potential URLLC transmissions, the URLLC UE can increase the number of repetitions to improve the reliability. According to the specs, a period with a number of transmission occasions is configured for the UE with grant free transmission, and the UE may or may not start transmitting in the middle of the period but has to stop by the end of the period. If the configured RV sequence is {0 3 2 1}, the UE can only start its transmission from the first occasion in a period, the alignment latency could be as long as one configured period and considering currently this period cannot be less than 1 slot, this configuration practically may not be useful. If the configured RV sequence is {0 0 0 0}, the UE can start its transmission from any occasion, it may happen that the first arrived packet is transmitted with a small number of repetitions and has a lower reliability than required. An example is given in Figure 1, where the period has 6 OFDM symbols with 3 transmission occasions and each occasion has 2 OFDM symbols. Packet #1 arrives in the middle of a period and after some processing time, it is transmitted only once (without repetition) with RV sequence {0 0 0 0} assumed. Next period is used by another packet #2 of a different HARQ process. As can be predicted, the reliability of packet #1 will be much lower than that of packet #2 and once it is not received, the gNB may schedule this UE dedicated resources for retransmission by an UL grant message. 
For a period with K transmission occasions, a packet can be transmitted K/2 times in average, and with the existing grant free transmission in R15, the gNB has to configure a bigger K than necessary to ensure a good reliability, which causes two drawbacks; one is the decreased efficiency from overbooked resources and the other is the increased latency.  
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Figure 1: Existing grant free transmission.
Some proposed to not increase the value of K but use the normal HARQ procedure to improve the reliability. We see two additional drawbacks with such approach; the first one is the increased latency, especially in TDD mode, and the second one is the increased reliability requirement on the NACK indication. For the second issue, when packet #1 is less reliable, the corresponding UL grant must be more reliable to achieve the target 10-5 reliability after retransmission. As a result, it requires a more robust DCI with more control signalling overhead and what is more, DCIs with different target reliabilities may result in more blind detection. To mitigate the impacts of these two issues, the following solution as shown in Figure 2 can be considered. If the UE predicts that the remaining transmission occasions for repetitions are not enough, it can duplicate the corresponding TB before it is buffered. From L1 point of view, this packet is transmitted twice and at the gNB side, the duplicated packets are discarded in L2. Other TBs except the first one may not be duplicated.   
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Figure 2: Grant free transmission with TB duplication.
As shown in Figure 2, the reliability of packet #1 is enhanced and at the same time the latency is slightly increased. 
As a summary, we think that it is possible at least for URLLC UEs in the cell center area to share resources with eMBB UEs semi-statically; eMBB UEs transmit with normal power and URLLC UEs transmit with boosted power. The number of transmission repetitions can be increased to enlarge the cell center area and, at the same time, TB duplication can be used to solve the problem of unreliable first packet. 
Proposal 1: It is proposed to support TB duplication with grant free transmission for semi-static resource sharing. 

3 Conclusions
Reliability and latency problems with the existing grant free transmission are discussed and based on our discussion, we have the following proposal:  

Proposal 1: It is proposed to support TB duplication with grant free transmission for semi-static resource sharing. 

