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1 Introduction

In RAN #80, a SI [1] was approved for NR URLLC including an objective: 

· “Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot.”
In this contribution, a number of enhancements for grant free transmissions are discussed and proposed.
2 Semi-static multiplexing between eMBB and URLLC
In Rel-15, a period with a number of transmission occasions is configured for the UE with grant free transmission, and upon the configured RV sequence, the UE may or may not be able to 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, and the drawback of this configuration is that the alignment latency could be up to one configured period long. If the configured RV sequence is {0 0 0 0}, the UE can start its transmission from any occasion so the alignment latency is minimized but it may happen that a packet is transmitted with few repetitions and the reliability cannot meet the requirement. 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 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. 
For a period with K transmission occasions, a packet is transmitted K/2 times in average, and with the existing grant free transmission in Rel-15, the gNB has to configure a much bigger K than necessary to mitigate the impact on reliability. In that case, the transmission efficiency is dramatically decreased with the overbooked resources and at the same time the latency is increased.  
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Figure 1: Existing grant free transmission.
Some proposed to not increase the value of K but use the normal HARQ based retransmission to improve the reliability, for instance, the lost packet can be retransmitted after a NACK is received. We see two drawbacks with such approach, the first one is the increased latency, especially in TDD mode, and the second one is the extra reliability requirement on the NACK indication. For the second drawback, when packet #1 is less reliable, the corresponding NACK has to be more reliable to achieve the target end to end reliability of 10-5. Extra reliability means extra redundancy of UCI and extra control signalling overhead. 
To improve the reliability of grant free transmission without increasing latency significantly, following two options can be considered. The first option is to include HARQ ID in UCI which is piggybacked to the gNB together with the PUSCH. Since the configured period is mainly used to identify the HARQ process ID, it is no longer needed once HARQ ID is piggybacked in UCI. Similar proposal was already used in FeLAA. Additionally, UE ID can be included in the UCI too so that multiple UEs can be multiplexed on the same set of resources and the UE ID can be used to identify the UE. 
The other option is illustrated in Figure 2. It requires less standardization effort and same as before, no extra resources are required for UCI. When 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 except one 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 two proposed options can be considered to improve the reliability of grant free transmission without increasing the latency significantly. 
Proposal 1: it is proposed to enhance the grant free transmission and following options can be considered: 

Option #1, to remove the configuration of period and meanwhile, include HARQ ID in UCI for HARQ identification;

Option #2, to duplicate the TB in L1 when the remaining occasions in the current period are not enough for the expected reliability. 

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 enhance the grant free transmission and following options can be considered: 

Option #1, to remove the configuration of period and meanwhile, include HARQ ID in UCI for HARQ identification;

Option #2, to duplicate the TB in L1 when the remaining occasions in the current period are not enough for the expected reliability. 
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