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Introduction
Enhancement of uplink grant-free for NR URLLC was intensively discussed during the last meeting [4] and the following agreements were made:  
Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
Agreements:
· Study further whether/how on ensuring K repetitions.
Study further on PUSCH repetitions within a slot for configured grant.

The above agreements provide guidelines for solutions aiming to enhance uplink grant-free transmissions in order to achieve better reliability and latency. In this contribution, we discuss our views for such enhancements.
[bookmark: _Ref178064866]Discussion 
Multiple transmission opportunities
Grant-free uplink transmission has been considered a major feature suitable for URLLC application where a UE can be provided with resources that can use for data transmission as soon as the transmission is prepared without waiting for grant from the gNB. Although the lack of need for SR reduces the delay considerably, the fact that the UE uses configured resources for PUSCH transmission, implies that the transmission opportunities are fixed and cannot be dynamically allocated depending on the data arrival time. Each configuration includes a time domain resource allocation (TDRA) indication, which provides the actual symbols within a slot for a PUSCH transmission for a given periodicity. Therefore, it is clear that the delay can be further reduced if the transmission opportunities are increased. This can be achieved by providing the UE with multiple TDRA configurations, all starting at different OFDM symbols. In this case, whenever data arrives to the UE, it would be transmitted in a PUSCH resource with the next earliest possible starting symbol. This is shown as an example in  where the UE is configured with two grant free configurations, but it is allowed to choose the configuration with the earliest starting symbol for PUSCH transmission.
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Figure 1 two configurations having half a slot time-offset
[bookmark: _Toc525947595][bookmark: _Toc525947712][bookmark: _Toc525947758][bookmark: _Toc525947786]Support increasing the transmission opportunities for configured grant PUSCH transmission. 
One obvious approach to increase the number of transmission opportunities for delay reduction is providing the UE with multiple configurations in grant-free such that the UE is allowed to use the resources of the one with the earliest transmission time when the data arrives. 
In Rel-15 LTE URLLC, the feature of configuring a UE with multiple configuration grants (CGs) have been introduced. There, it has been shown that the use of this feature can result in lower latency and guaranteeing reliability (by ensuring K repetitions). 
Similarly, the feature can benefit NR URLLC in the sense of latency and reliability. However, in designing multiple configurations in NR URLLC, some points should be considered. NR has higher flexibility than LTE e.g., in numerology, TTL-length, having slot-based and non-slot-based transmission, having two types of configured grants, and having a large number of possible periodicities (P), and time-offsets. This makes many possible multiple configuration grants for a UE.
[bookmark: _Toc525947596][bookmark: _Toc525947713][bookmark: _Toc525947759][bookmark: _Toc525947787]Support multiple configurations as a method for increasing transmission opportunities in configured grant PUSCH transmission.
In case of multiple configurations of configured grant (CG) processes, consideration with respect to the UL HARQ processes are needed. Since the maximum number of UL HARQ processes for NR is 16, by increasing the number of configurations, the maximum number of HARQ processes per configuration is reduced as shown in the options below:
1. 1 CG * 16 HARQ processes per CG;
1. 2 CG * 8 HARQ processes per CG;
1. 4 CG * 4 HARQ processes per CG;
1. 8 CG * 2 HARQ processes per CG;
1. 16 CG * 1 HARQ processes per CG;

In case of configured grant type 2, changes in the number of HARQ processes due to the number of configurations, suggest that the HARQ process number filed in the activation/deactivation command can results in unused code points. Moreover, currently only one RNTI is defined for UL grant free transmission, i.e. CS-RNTI. When multiple configurations are defined, more CS-RNTI may be introduced to differentiate them. 
Therefore, based on at least HARQ process number in activation/deactivation command and possibly introducing more CS-RNTI, there are means to provide some flexibility when allocating multiple grant-free configurations to different UEs. 
[bookmark: _Toc525947597][bookmark: _Toc525947714][bookmark: _Toc525947760][bookmark: _Toc525947788]Study the usage of HARQ process number field in the activation/deactivation command in case of multiple configurations for grant-free PUSCH.
[bookmark: _Toc525947598][bookmark: _Toc525947715][bookmark: _Toc525947761][bookmark: _Toc525947789]Study whether introduction of additional CS-RNTI is beneficial.  
Ensuring K repetitions
In Rel-15, transport block repetition is possible across slots (but not within slots). Yet, there is not guarantee for the repetition over multiple slots with repetition factor K that a transport block is transmitted by K repetitions. The reason is that data may arrive any time and transmission occasions (TO) are limited to be within a periodicity, P. There was a similar discussion in Rel-15 LTE URLLC, and there to guarantee K repetitions the method of multiple configuration grants has been introduced. We can use similar method for guaranteeing the repetition for NR URLLC. Consider for example the method of multiple configuration grants as a mean to increase the transmission opportunities as discussed earlier. Applying K repetitions to this method has been illustrated in Figure 2  for K=2, and P=5x14 OFDM symbols. As shown in the figure, if data arrives at any time instance, the transmission can start at the next slot using one of the configurations, and then it is guaranteed to be able to repeat K=2 times.
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Figure 2 Ensuring K repetitions with multiple configuration grants

Therefore, from our perspective, it is beneficial to support K repetitions and to simultaneously increase transmission opportunities by supporting multiple configured grants.
PUSCH repetition within a slot
PUSCH repetition within a slot (or mini-slot repetition) has been discussed as a mean to improve the coverage or reduce latency.  As we discussed in our companion contribution [5], similar to grant-based PUSCH, couple of considerations should be taken into account with respect to the mini-slot repetition as compare to the alternative of transmission on a longer duration within a slot and benefit from improved coding gain. Mini-slot repetition also increases the DMR-RS overhead. Therefore, its introduction should include means to reduce the corresponding overhead.  Therefore, from our perspective, further studies are needed to justify whether the mini-slot repetition is a reasonable design choice. 
[bookmark: _Toc525947600][bookmark: _Toc525947716][bookmark: _Toc525947762][bookmark: _Toc525947790][bookmark: _Hlk525802812]Study whether the PUSCH repetition within a slot is beneficial with respect to DMRS overhead and performance
Explicit HARQ ACK/NACK
To improve reliability, HARQ-based retransmission is useful solution, if latency requirement allows retransmission. 
In NR rel-15 (with implicit HARQ ACK/NACK), it is specified in the MAC spec that UE starts a timer when a MAC PDU is sent on the configured grant and flushes the buffer for new data when that timer expires. In other words, the UE assumes an implicit HARQ ACK after the timer expires. A dynamic grant for retransmission can be sent before the timer expires. This retransmission grant effectively serves as an HARQ NACK.  
Configured grant occurs periodically, and it does not make sense for MAC to send a packet if the buffer is empty. Thus, a skip uplink transmission mechanism is introduced, with the intention to save energy and reduce interference. 
However, this leads to an error case that might be crucial to fulfil a very demanding URLLC requirement, like 10-6. The problem is that UE cannot distinguish the two cases, since in both cases UE should not expect any response from the gNB:  
1. MAC PDU is received at the gNB and gNB correctly decode that, i.e., no need for gNB to send re-tx grant (actually the only possible feedback to send from gNB). 
2. MAC PDU is not even energy detected at gNB, i.e., gNB is not aware that UE attempted an uplink transmission on that configured UL grant.
If an explicit HARQ feedback (more precisely, only HARQ ACK is needed) is introduced, then it increases resource usage. It is worthwhile to study the trade-off in more details.
[bookmark: _Toc525947601][bookmark: _Toc525947717][bookmark: _Toc525947763][bookmark: _Toc525947791][bookmark: _Toc509587768][bookmark: _Toc510645898][bookmark: _Toc521307986][bookmark: _Toc521308044][bookmark: _Toc521402567][bookmark: _Toc521410976][bookmark: _Toc521508354]Further study the pros and cons of implicit and explicit HARQ ACK/NACK for UL configured grant.
Conclusion
In this contribution, we discuss our views for methods for enhancements of UL grant-free transmission and proposed the following:
[bookmark: _GoBack]Proposal 1	Support increasing the transmission opportunities for configured grant PUSCH transmission.
Proposal 2	Support multiple configurations as a method for increasing transmission opportunities in configured grant PUSCH transmission.
Proposal 3	Study the usage of HARQ process number field in the activation/deactivation command in case of multiple configurations for grant-free PUSCH.
Proposal 4	Study whether introduction of additional CS-RNTI is beneficial.
Proposal 5	Study whether the PUSCH repetition within a slot is beneficial with respect to DMRS overhead and performance
Proposal 6	Further study the pros and cons of implicit and explicit HARQ ACK/NACK for UL configured grant.
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