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Introduction
A study item on physical layer enhancements for NR URLLC was approved [1, 2]. One of objectives of this study item is enhanced UL configured grant (grant-free) transmissions. In RAN1#94, several issues were identified based on offline summary [3] and following was agreed.
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 Type 2
· 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
In this document, we provide our view on enhancement of UL grant-free transmission.
Mechanism to handle variable data size
One of limitation of grant-free in Rel.15 is less flexibility on TB size and MCS choice. As only one configured grant configuration for a serving cell is supported and MCS and time/frequency resource allocation fixed, there is no flexibility to TB size by grant-free transmission. Depending on the URLLC traffic (or eMBB / URLLC), the UL data size varies but variable data size cannot be handled in Rel.15. Therefore, in Rel.16, the mechanism to handle variable data size should be considered.
Proposal 1: In Rel.16 grant-free, the mechanism to handle variable data size should be studied.

One of possible approach to handle data size variation is to use multiple active configurations. LTE HRLLC allows multiple SPS configurations to be activated on the same serving cell. By supporting multiple active configured grant configuration, gNB can configure multiple active configurations to a UE with parameters such as MCS and time/frequency resource differently. In addition, multiple active configured grant configurations are also beneficial to keep reliability by ensuring K repetitions more SPS initial transmission occasions are available [3].
In order to support multiple active configured grant configurations for the active BWP of a serving cell, following issues should be considered.
Distinction of the overlapped transmission between configurations
For a given resource, if non-initial transmission of the first configuration and initial transmission of the second configuration are overlapped, gNB needs to distinguish them by some mechanisms. DMRS based differentiation or UCI which includes configuration ID and multiplexed on grant-free PUSCH could be considered.
Activation/deactivation of particular configuration for the case of Type 2 by dynamic DCI indication
If initial transmission timing is changed by DCI and multiple configurations do not have aligned initial transmission timing, there is no uncertainty on the identification of different configuration. On the other hand, if multiple configurations have aligned initial transmission timing, the problem would be how to identify the different configurations using the same DCI format. Introducing multiple RNTIs would increase FAR. In that case, field which are not used for activation may be utilized.
HARQ process ID determination
One of approach is to use different HARQ process ID for each configuration. On the other hand, as far as the multiple configuration does not active in the same time (in case overlapped resource among configurations), no need to utilize separate HARQ process ID.
Observation 1: Multiple active configured grant configurations for the active BWP of a serving cell is beneficial for several issues such as to handle variable data size, latency reduction, ensuring K repetitions.

If data size variation is limited to a few, to support variable data size by multiple active configuration is sufficient. On the other hand, if data size variation is more flexible, to configure large number of multiple active configurations is not realistic. In this case, the other approach to handle data size variation is WCDMA like approach such as TB size is explicitly indicated from UE to gNB. In this case, UCI which includes TB size should be transmitted together. For URLLC, even if TB size is different, required reliability (or coding rate) is similar, then when TB size is large, time/frequency resource allocation size needs to be increased or the number of repetition needs to be increased. Then, UCI can also include time/frequency resource size. This approach can also be considered as “control header”-like channel/resource to indicate the MCS/TB size and/or time/frequency resource size for data channel. For UCI indication, overhead of UCI could also be considered. Independent encoding/mapping of parameters in UCI can have more flexibility but it increases overhead. Therefore, to have combination of RRC configuration and dynamic indication, such as the parameters such as TB size, frequency resource allocation, time domain resource allocation, repetition could be included within multiple semi-static configuration in order to reduce UCI overhead. UCI signals one of index in the semi-static configuration.
UCI is also beneficial to support multiple active configured grant configurations (indicating configuration ID), ensuring K repetition (indicating HARQ process ID and RV). In addition, UCI indicate HARQ process ID, RV, and UE ID, etc., in configured grant has been already supported in LTE FeLAA and similar mechanism would also be required for NR-U. If UCI is supported for URLLC, to have the commonality design with NR-U should be considered.
Observation 2: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters is beneficial at least to handle variable data size.
Proposal 2: Multiple active configured grant configurations for the active BWP of a serving cell is supported for grant-free UL transmission in Rel.16.
Proposal 3: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters should be studied for grant-free UL transmission in Rel.16.
Repetitions for grant-free UL transmission
In Rel. 15, only inter-slot PUSCH repetition is specified and only limited support is provided. For NR URLLC in Rel. 16, PUSCH repetition is considered one of the possible enhancements for further improving reliability and also satisfying the latency requirements.
Repetition within a slot is one of key techniques for the possible enhancement. One of possible operation similar to repetition within a slot using Rel.15 mechanism is to configure longer symbol duration and lower MCS. However, repetition within a slot can have benefit of more transmission opportunities within a slot. For example, if one or more symbols are not available for PUSCH transmission in a transmission opportunities due to SFI configuration, the UE shall not transmit the PUSCH at the transmission opportunity. In this case, with multiple transmission opportunities in one slot, even if some of the transmission opportunities are unavailable due to semi-static or dynamic SFI configurations, there is still chance for the UE to transmit the PUSCH in the slot.
Proposal 4: PUSCH repetition within a slot is supported for grant-free UL transmission in Rel. 16.
Consecutive symbol based repetition could be considered for reducing latency and efficient utilization of UL resources. For consecutive symbol based repetition, whether repetition is limited within a slot or allow repetition across slot should be considered. This issue will be related to ensuring K repetition. If repetition across slot is allowed the handling of the remaining repetition needs to be considered. Following options are considered as shown in Figure 1.
· Option 1: Allow one repetition crossing slot boundary
· Option 2: Avoid one repetition crossing slot boundary
· Option 2-1: Postpone the remaining repetition to the next slot and the starting symbol is the same symbol as in previous slot
· Option 2-2: Postpone the remaining repetition to the next slot and the starting symbol is the earliest available UL symbol.
· Option 2-3: Skip (drop) the repetition which cross the slot boundary, and the starting symbol of the next repetition is the same symbol as in previous slot
· Option 2-4: Skip (drop) the repetition which cross the slot boundary, and the starting symbol of the next repetition is the earliest available UL symbol after the symbol allocated to the skipped repetition in the next slot.
· Option 2-5: Skip (drop) the repetition which cross the slot boundary, and the starting symbol of the next repetition is the earliest available UL symbol in the next slot.
From performance point of view, Option 1 or Option 2-2 could achieve better performance. From latency point of view, Option 1 could achieve lower latency.
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Fig.1 Handling of the remaining repetitions

In our contribution [4], we discuss the possible issue of high DMRS overhead when PUSCH with short symbols are repeated within a slot. For example: when 2-symbol PUSCH transmission is followed by 6 repetitions within a slot, there is 50% DMRS overhead, which is not really necessary from the point-of-view of demodulation performance. Similar issue is relevant in UL grant-free transmission.
For this purpose, DMRS sharing between multiple transmission occasions is one possible solutions to reduce the overhead. It could be allowed to remove DMRS from certain repetitions depending up on the channel conditions and reliability requirements. This flexibility will not only allow to control the DMRS overhead, but additionally give more flexibility in terms of DMRS configurations that are currently not supported in Rel. 15. Furthermore, the overall latency is also reduced by allowing such flexibility.
Proposal 5: DMRS sharing between repetitions within a slot should be supported for grant-free UL transmission in Rel. 16.

Explicit feedback for grant-free UL
In NR Rel.15, only implicit HARQ-ACK feedback has been specified for UL grant-free transmission. This means that there is no explicit HARQ-ACK feedback from the gNB to the UE upon receiving the UL grant-free transmission from the UE. Only when gNB is not able to successfully decode the grant-free transmission, it sends an uplink grant via DCI to the UE for retransmission. If the UE doesn’t receive anything during the duration off ConfiguredGrantTimer, UE assumes that the gNB successfully received and decoded the grant-free transmission. Although, it is considered to be sufficient for eMBB, but for NR URLLC in Rel.16, it would be difficult to achieve target BLER as low as 10-6 due to the difficulty for UE to identify the difference between gNB successfully received and gNB failed to receive grant-free itself (= DTX-ACK error).
In order to ensure higher reliability, study of explicit HARQ-ACK feedback from gNB to UE is discussed in [3]. This means that the UE will expect HARQ-ACK in contrast to current specifications, even gNB successfully decodes the UL grant transmission from the UE. Although, this helps to reduce the DTX-ACK error, but might introduce additional latency as gNB will be able to send the HARQ-ACK only after decoding the data symbols (either completely or partially). Moreover, it doesn’t provide any additional benefits. Therefore, other possible solutions should be considered to solve the issues of DTX-ACK error in UL grant-free transmissions and at the same time satisfying the strict latency requirements. One option is to improve gNB grant-free detection performance by increasing DMRS or known symbols. This may require additional structure of PUSCH but can reduce the latency caused by the feedback. The other option is to have improved feedback for improved retransmission.
Proposal 6: For improving the reliability of UL grant-free transmissions in NR URLLC Rel.16, the PUSCH structure with reliable detection and different types of explicit feedback should be studied.
Fast channel quality feedback to the grant-free UE
In the following, we discuss the option with improved feedback.
One of the main reasons why DTX-ACK error is high is that UE doesn’t expect any indication/feedback if the gNB successfully received and decoded the UL grant-free transmission. In order to eliminate or at least reduce this error, any explicit feedback from gNB to the UE could be utilized to inform the UE that at least the gNB received the UL grant-free transmission.
One possibility of explicit feedback is that gNB sends back MCS index to the UE that is calculated by gNB on decoding the front-loaded DMRS symbols. Basically, gNB doesn’t need to decode any data symbol and calculate the channel quality based on the front-loaded DMRS only and thus allowing shorter latency. On receiving this MCS feedback from the gNB, UE gets the confirmation that gNB received the UL grant-free transmissions.
Proposal 7: For improving the reliability of UL grant-free transmissions in NR URLLC Rel. 16, faster feedback of channel quality (that is calculated by gNB) could be considered as one of the alternatives to explicit HARQ-ACK.
Furthermore, there are additional benefits of receiving the channel quality feedback from the gNB. The UE can utilize the received MCS index and compare it with the actually used MCS index for the previous transmission and determine if the previous transmission was reliable enough or not. This could be useful for initiating any retransmissions and repetitions (if not reliable enough) or early termination of already scheduled repetitions (if reliable enough). Also, this MCS could be utilized for link adaptation in the subsequent retransmissions and repetitions if link adaptation is determined by UE.
Observation 3: For UL grant-free transmissions in NR URLLC in Rel. 16, sending a channel quality feedback from gNB to the UE is beneficial for optimizing retransmissions and repetitions. 
Conclusion
In this contribution, we discussed enhancement for UL grant-free transmission in Rel.16 and made following proposals and observations.

Proposal 1: In Rel.16 grant-free, the mechanism to handle variable data size should be studied.
Observation 1: Multiple active configured grant configurations for the active BWP of a serving cell is beneficial for several issues such as to handle variable data size, latency reduction, ensuring K repetitions.
Observation 2: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters is beneficial at least to handle variable data size.
Proposal 2: Multiple active configured grant configurations for the active BWP of a serving cell is supported for grant-free UL transmission in Rel.16.
[bookmark: _GoBack]Proposal 3: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters should be studied for grant-free UL transmission in Rel.16.
Proposal 4: PUSCH repetition within a slot is supported for grant-free UL transmission in Rel. 16.
Proposal 5: DMRS sharing between repetitions within a slot should be supported for grant-free UL transmission in Rel. 16.
Proposal 6: For improving the reliability of UL grant-free transmissions in NR URLLC Rel.16, the PUSCH structure with reliable detection and different types of explicit feedback should be studied.
Proposal 7: For improving the reliability of UL grant-free transmissions in NR URLLC Rel. 16, faster feedback of channel quality (that is calculated by gNB) could be considered as one of the alternatives to explicit HARQ-ACK.
Observation 3: For UL grant-free transmissions in NR URLLC in Rel. 16, sending a channel quality feedback from gNB to the UE is beneficial for optimizing retransmissions and repetitions. 
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