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1 Introduction
In RAN1 #88, the following was agreed on grant-free transmission aspects [1]:

	Agreements:
· 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
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB

· The number of repetitions for the TB reaches K


In this contribution, we discuss the pre-emption and retransmission of UL transmission without grant.
2 Discussion
2.1 Pre-emption

For UL URLLC transmission without grant, the URLLC transmission can be repeated for K times for reliability purposes as shown in Figure 1 where K=4 and the URLLC transmission occupies mini-slots of 0.25 ms duration.
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Figure 1: URLLC repetition K=4

As per the above agreement, the configuration of the grant free uplink resources would consist of time and frequency resources, that is the UE is confined to transmit URLLC within the configured resource. For example, in Figure 2, the grant free uplink resource is confined within the frequency range f1 and f2.  In Figure 2, the UE transmits a 1st URLLC transmission using the grant free resource at time (0 and performs K=4 repetitions to improve its reliability.  It is possible that during the repetition of the 1st URLLC transmission, a 2nd URLLC packet can arrive at the UE, for example at time (1 in Figure 2, and if there are not sufficient grant free resources, this 2nd URLLC transmission would collide with the repetition transmission of the 1st URLLC packet.  That is the UE self pre-empted its own URLLC transmission with another URLLC transmission.  
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Figure 2: URLLC self pre-emption

Observation 1: During the repetition of a (1st) URLLC transmission using the grant free uplink resource, another (2nd) URLLC transmission can occur in the same UE thereby causing collision between these two URLLC transmissions.

When collision occurs due to URLLC self pre-emption, distribution of the limited grant free resources among the colliding URLLC transmissions is required.  Typically the first transmission of a URLLC packet has a high probability (e.g. 99%) of reaching the gNB and subsequent repetitions would marginally increase its probability of reception.  Hence recognising that the first transmission is important, it is therefore beneficial that during a collision the 1st transmission of the 2nd URLLC packet (i.e. the later URLLC packet) is given priority to the resources, i.e. it should be fully transmitted.  The repetition of the 1st URLLC packet (i.e. the earlier URLLC packet) that collides with the 2nd URLLC transmission can be either skipped or transmitted using less resources.  An example is shown in Figure 3 where the third transmission of the 1st URLLC packet at time (1 collides with the first transmission of the 2nd URLLC packet and here priority on the resource is given to the 2nd URLLC transmission where it is fully transmitted whilst the 1st URLLC packet is transmitted using fewer resources.  Subsequent collisions, e.g. the 4th transmission of the 1st URLLC packet and the 2nd transmission of the 2nd URLLC packet at time (1 can share the resources based on some distribution such that the 2nd URLLC transmission takes a larger portion of the resource.
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Figure 3: Distribution of resources among colliding URLLC

Proposal 1: In a collision, between a repetition of an earlier URLLC transmission with the first transmission of a later URLLC transmission, the first transmission of the later URLLC packet should have priority on the grant free resource and should be fully transmitted.
In addition to self pre-emption due to URLLC repetition, the UE may also self pre-empt itself when it is performing a retransmission of a URLLC packet and a new URLLC transmission arrives.  Unlike the repetition case, in a retransmission, it is already know that the gNB has failed to receive the initial transmission and the time left for a successful URLLC transmission is less than that of the new URLLC transmission. Therefore for the retransmission case, it may be beneficial to prioritise the retransmission.  On the other hand, the new URLLC transmission may contain new information that makes the previous URLLC transmission redundant.  Hence, some further study is required for the retransmission scenario.
2.2 Retransmission

In NR, the UE can transmit UL data without grant on configured semi-static resources. In URLLC, UL data can arrive sporadically. Therefore, when the UE is configured the semi-static resources for UL transmission without grant, the UE should skip the semi-static resources if there is no data to transmit. When the UE transmits UL data without grant, the gNB sometimes fails to receive the data transmission. There are two failure cases:
(1) gNB fails to detect that there is an UL transmission without grant.
(2) gNB detects an UL transmission without grant, but fails to decode that UL transmission 

In case (1), the gNB cannot detect the UL transmission without grant because the UE transmits sporadically and the gNB has no a-priori information regarding the times at which the UE will transmit. In this case, the UE retransmission has to be triggered by the UE side because the gNB is unaware of the UL transmission. In order to reduce the probability of case (1) occuring, high reliability of UE detection is required. In a previous RAN1 meeting, it was agreed to repeat UL transmissions, which increases the probability of UE detection. However, if the gNB cannot detect the UL transmission without grant in spite of UL transmission repetition, it is possible that the detection failure was due to the UL transmission power being insufficient. Therefore, RAN1 should consider the concept of power ramping within repetition for UL transmission without grant in order to increase the UE detection probability.

Proposal 2: RAN1 should consider the concept of power ramping within repetition for UL transmission without grant to increase the UE detection probability.
In case (2), the gNB can detect the UL transmission and identify the UE that transmitted in the UL, but fails to decode the UL transmission. Because the gNB knows which UE transmitted without grant, the gNB can transmit a grant to the UE for retransmission. The retransmission can be optimized, in terms of resource utilization, through the DCI that grants the retransmission. This DCI can also indicate appropriate transmission parameters, including MCS and others. Therefore, granted UL retransmission should be supported for UL transmission without grant.

Proposal 3: Granted UL retransmission should be supported for UL transmission without grant.
Furthermore, if the UE receives a DCI granting retransmission of an UL transmission without grant, the UE can derive the transmission parameters from indicated values in that DCI and use those for upcoming UL transmissions without grant. This helps to increase the reliability of upcoming UL transmissions without grant. Therefore, if the UE receives a DCI granting retransmission of an UL transmission without grant, the UE should derive the transmission parameters for upcoming UL transmissions without grant from values indicated by that retransmission-granting DCI.
Proposal 4: If the UE receives for a DCI granting retransmission of an UL transmission without grant, the UE should derive the transmission parameters for upcoming UL transmissions without grant from the values indicated by that DCI.
3 Conclusions
In this contribution, we have discussed the pre-emption and retransmission of UL transmission without grant. The following observations and proposals are made:
Observation 1: During the repetition of a (1st) URLLC transmission using the grant free uplink resource, another (2nd) URLLC transmission can occur in the same UE thereby causing collision between these two URLLC transmissions.

Proposal 1: In a collision, between a repetition of an earlier URLLC transmission with the first transmission of a later URLLC transmission, the first transmission of the later URLLC packet should have priority on the grant free resource and should be fully transmitted.
Proposal 2: RAN1 should consider the concept of power ramping within repetition for UL transmission without grant to increase the UE detection probability.
Proposal 3: Granted UL retransmission should be supported for UL transmission without grant.
Proposal 4: If the UE receives for a DCI granting retransmission of an UL transmission without grant, the UE should derive the transmission parameters for upcoming UL transmissions without grant from the values indicated by that DCI.
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