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1. Introduction 
A new WI to specify New Radio (NR) functionalities was agreed in [1].  One of the objectives is:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
In RAN1#88, we agree the following during the SI phase of NR:
· 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
This contribution discusses some aspects of using grant free uplink transmission for URLLC.
2. Discussion
2.1 Grant-free Transmission Resources
For UL URLLC transmission without grant, the URLLC can be repeated for K times for reliability purpose as shown in Figure 1 where K=4 and URLLC occupying mini-slot of 0.25 ms.

[image: image1]
Figure 1: URLLC repetition K=4

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

[image: image2]
Figure 2: URLLC self pre-emption

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

[image: image3]
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, the first transmission of the later URLLC should have priority on the grant free resource and should be fully transmitted.
Although grant-free resources are configured by higher layers, some resources could not be used due to the dynamic TDD switching. For example, if grant-free resources are allocated on the downlink symbols of TDD, UE cannot use these downlink symbols to transmit data even if these resources are allocated for grant-free transmission by higher layer signalling. One method to avoid this is for higher layer signalling to indicate the detail information of time domain resources to avoid the downlink symbols (e.g. bitmap of valid slots/mini-slots). However, a semi-static signalling is not suitable in dynamic-TDD operation where the downlink and uplink slots are dynamically configured by slot format information of group-common PDCCH as shown in Figure 4, therefore it is difficult to indicate by only higher layer signalling.
Proposal 2: Grant-free resources should be indicated by a combination of the higher layer signalling and dynamic uplink/downlink information signalling.
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Figure 4: Grant-free resource is decided by high layer signalling and group-common PDCCH
2.2 Transmission Power Control
For grant-free transmission, it is important to detect the grant-free transmission signal at gNB. Grant-free transmission may occur infrequently and sporadically. If the gNB cannot detect any signals from the UE, the gNB is unaware of the signal transmission from the UE, and the UE will continue to transmit the same signal. This would increase the latency of the UE’s transmissions. However, if the gNB could detect the grant-free transmission from the UE, the gNB could transmit ACK or grant the UE UL contentionless resource for re-transmission. One of the reasons for the gNB to fail to detect the signal from the UE is due to a shortage in transmission power from the UE, as shown in Figure 5. If the UE’s transmission power is insufficient, the gNB cannot be aware of it and cannot transmit TPC commands because the grant-free transmission from the UE would be infrequent and sporadic. 
Although the UE might take into consideration the path loss when determining its transmission power, there is the possibility of detection failure of the grant-free transmission at the gNB. If the UE falls into this situation, it may need to transmit an uplink reference signal to allow the gNB to determine a TPC / power control command and send it to the UE (such that the UE can determine an accurate transmission power level) or perform the random access procedure again (within which there is a power ramping procedure, hence a correct transmission power for the UE can be determined): both procedures would cause high latency. As a countermeasure to the above, power ramping of the grant-free transmission would be useful for increasing the signal detection probability. For example, the UE increases its transmission power until it receives the ACK or a grant for contentionless re-transmission from the gNB. Even if the UE transmission power is initially insufficient, power ramping can help to achieve the correct transmission power for re-transmissions and it is beneficial for increasing the likelihood of detection of the grant-free transmission at gNB. Hence power ramping can reduce the latency.  It should be noted that power ramping is used when transmission power is not limited.  If transmission power is limited for example at cell edge or due to URLLC self pre-emption, as observed in the previous section, then the power can be reallocated giving priority to the later URLLC transmission.
Proposal 3: NR should support power ramping for uplink grant-free transmission.
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Figure 5: TPC for grant-free transmission
3.   Conclusion

In this contribution we some aspects of using grant free uplink resources to transmit URLLC with repetitions.  We observed the following:
Observation 1: During the repetition of an (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.

We propose the following:

Proposal 1: In a collision, between a repetition of an earlier URLLC transmission with the first transmission of a later URLLC, the first transmission of the later URLLC should have priority on the grant free resource and should be fully transmitted.
Proposal 2: Grant-free resources should be indicated by a combination of the higher layer signalling and dynamic uplink/downlink information signalling.
Proposal 3: NR should support power ramping for uplink grant-free transmission.
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