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Introduction
According to SID on physical layer enhancements for NR URLLC [1], followings need to be considered:
	Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases identified in the justification section. Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:
Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
Relevant development in other work and study items to be taken into account.
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. (RAN1/RAN2)


In this contribution, we provide our views on possible enhancement of grant-free transmission. Specifically, we focus on explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot.

Explicit HARQ-ACK feedback transmission
According to current UE behaviour in specification, a UE can determine whether to transmit PUSCH repetition or not by timer and UL grant which schedules new data. In other words, even if the UE has no data to transmit, gNB should send UL grant scheduling new TB in order to terminate the repetition since NR has no PHICH-like signaling. When URLLC service has only small packet size, a UE may transmit only one TB with its repetition infrequently. In this case, the UE has to transmit whole repetition unless any UL grant scheduling new TB is detected even if the TB is successfully decoded already at gNB side. These redundant transmission would unnecessarily increase UE power consumption and collision with other UE sharing the same resource. In order to avoid unnecessary repetitions and save UE power consumption, it would be beneficial to consider additional HARQ-ACK feedback for PUSCH from gNB side rather than timer and scheduling new resource. Firstly, we can consider fixed feedback channel like PHICH in LTE. However, fixed channel is not desirable due to flexible structure of NR. Alternatively, DCI on PDCCH can be used for indicating only HARQ-ACK feedback. Considering symbol level periodicity of grant-free and configurable monitoring occasion of PDCCH, it is difficult to guarantee that it is able to work always. However, it can be good supplemental way to indicate ACK. We can consider following options to utilize DCI as HARQ-ACK feedback.
· Option 1: UE-specific DCI based on UL grant to indicate “ACK” without resource allocation
· Option 2: Group-common DCI to indicate HARQ-ACK feedback
For Option 1, we can easily adopt Option 1 by defining an infeasible set of parameter, such as zero bitmap RA or no UL-SCH with no CSI request. In this case, option 1 is beneficial in term of specification effort. However, considering limited PDCCH space, it might not be always feasible to transmit multiple UE-specific DCIs depending on available PDCCH resources and UE density. 
For Option 2, one DCI has multiple entries indicating HARQ-ACK feedback corresponding to multiple PUSCHs. There can be multiple ways to map HARQ-ACK entry to each transmission. One way is to map HARQ-ACK entry to UE or grant-free configuration. It is straightforward. However, since UE has asynchronous HARQ procedure and can utilize multiple HARQ processes between adjacent PDCCH monitoring occasions, it may need to map multiple entries to the same UE. As a result, this approach would require a lot of group-common DCI and RNTI. Moreover, it is not desirable to design HARQ-ACK channel applicable only to grant-free. In another way, it is possible to map each entry to physical resources like PHICH. In this approach, a UE can know which entry is corresponding to its transmission even if there are a lot of HARQ processes. It is also beneficial to support a lot of UEs sharing same resource. This approach may have high utilization as the intention of GF resource sharing.  
In those points of views, option 1 or option 2 with resource-specific mapping can be preferred to support additional HARQ-ACK feedback if necessary.  
Proposal 1: If additional ACK feedback is necessary, one of following options can be considered:
· Option 1: UE-specific DCI based on UL grant with unusable state of DCI field
· E.g., All 0’s with RA type 0, All 1’s with RA type 1 or no UL-SCH with no CSI request
· Option 2: Group-common DCI having multiple HARQ-ACK entry 
· Each HARQ-ACK entry can be mapped to a PUSCH resource
· FFS: how to map entries to PUSCH resource

Ensuring K times of repetitions
To meet reliability requirement, gNB can configure repetition with appropriate amount of resource. However, if a UE wants to start transmission with configured grant flexibly in time, actual number of repetitions can be changed from the configured value. If gNB assigns larger number of repetitions to mitigate this, a lot of UL resources would be abandoned by redundant repetition. In current design of configured grant, the number of repetitions is guaranteed only when a UE uses fixed starting position. Considering latency requirements, it is not desirable to fix starting position at first transmission occasion within a period. However, it is impossible simply to release this restriction since HARQ-ACK process number is determined by the starting symbol of the configured grant. 
To maintain the current framework, one simple solution would be to allow multiple configurations. In rel-15 LTE URLLC work item, multiple SPS configurations are supported for similar motivation. It may seem inefficiency in perspective of resource. However, other solution may require similar amount of resources for identifying HARQ process or TB. Since flexible start with ensured number of repetition means that gNB can handle overlapped transmission occasion, it may need a resource in any domain to distinguish overlapped transmission occasions. For example, if we allow 2 start point with 4 slot repetition and 4 slot periodicity, it need 2 different frequency or 2 different DMRS resource. It is actually same as two configuration. Considering it is beneficial to allow multiple configurations in terms of specification efforts, it can be considered to adopt similar way of LTE.
Proposal 2: To ensure K times repetition, multiple configurations of configured grant can be supported. 

Non-slot repetition within a slot
In current specification, TB repetition is only possible when using multiple slots. In other words, a UE can perform only one transmission for the TB in a slot. However, considering URLLC service requirements, it seems beneficial to support shorter transmission with repetition even in one slot for the following reasons:
· For URLLC, ‘longer transmission duration’ would be inefficient compared with ‘shorter transmission duration’ + ‘repetition’ when configured scheduling is used. Shorter transmission occasion with repetition can provide latency benefits by allowing shorter waiting time (e.g., frame alignment latency) before initiating transmission data. This benefits disappear if repetition occurs only across slots. 
· Unlike PUSCH scheduled by UL grant in DCI, PUSCH resources allocated by configured grant may or may not be uplink resources. Since resource allocated by configured grant is treated as measurement resource in a perspective of slot format, the UE cannot utilize resources allocated by configured grant unless all the allocated symbols are indicated as UL symbols. In this case, it is beneficial to adopt repetition of short duration PUSCH with potential partial cancelling/dropping on a subset of repetitions. This benefits again will not be present if same repetition mechanism to multi-slot PUSCH is adopted for shorter transmission.
In this sense, we propose to adopt non-slot repetition within a slot for URLLC PUSCH.
Proposal 3: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
To perform non-slot repetition, we can simply think of repeating non-slots side-by-side. Considering limited uplink symbol in dynamic TDD case, it may be efficient way to utilize resources. However, there are symbol level periodicity and various symbol duration. If multiple UEs using side-by-side repetition with different symbol duration PUSCH, it is hard to align DMRS symbol among multiple UEs. It may restrict possibility of sharing. 
Alternatively, we can consider to define nominal boundary for repetition within a slot. By restricting start symbol and duration and using specific interval for repetitions, we can prevent TO from crossing slot boundary. In addition to this, when we consider sharing grant-free with a UE using 2 symbol or 7 symbol periodicity, it has beneficial to make repetition method using 2/7 symbol interval. In other words, this approach is to assume ‘sub-slot’ similar to sTTI structure as in LTE. For example, 2 OS sub-slot structure (e.g., 7 of 2 OS sub-slots in a slot) and 7 OS sub-slot structure (e.g., 2 of 7 OS sub-slots in a slot) can be considered where there is one transmission occasion in a sub-slot. To determine sub-slot size, based on time-domain duration, the smallest sub-slot covering the configured time-domain resource can be selected. For example, if OFDM symbol 0-1 is configured, 2 OS sub-slot can be assumed, and if OFDM symbol 0-3 is configured, 7 OS sub-slot can be assumed.
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Figure 1. An example of proposed non-slot repetition method

Proposal 4: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]

1.1. Ensuring K times of repetitions with non-slot repetition
For ensuring K times of repetition with non-slot repetition, a main issue is slot-boundary handing. When transmission starts at near end of slot, repetition may need to cross slot boundary to ensure K times transmission. 
As discussed in RAN1#92, it had been discussed already how to handle slot boundary. There were different flavours of contiguous repetition. In creating non-slot transmission occasion(TO) over slot boundary, we can consider the following options. 
· Option 1 is to create TO starting from 1st symbol in next slot. This however may count ‘fixed DL’ as potential TOs. 
· Option 2 is to create TO starting from 1st flexible or fixed UL symbol in next slot. This would exclude fixed DL from counting TOs. 
· Option 3 is to create TO starting from the same starting OFDM symbol of current slot for TO creation in the next slot as well. In other words, this reuses time-domain resource allocation of configured grant at next slot. As a result of this, UE shall use same symbol as long as possible for each slot. Considering slot-level repetitions of other UE, the last option has benefit in terms of resource utilization. 
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Figure 2 possible options to choose postpone resource
In selecting appropriate behaviour, we need to consider a few aspects as follows: 
· To be aligned with existing slot-based repetition, it is recommended that a UE uses the same time-domain allocation across slots. It would bring benefit in terms of resource utilization. For this, we propose that repetition occurs contiguously within a slot, and the same resource patterns are used across slots (similar to slot-based repetition). 
· Considering DL/UL switching gap, some flexible resource cannot be used practically. If a UE choose 1st flexible UL symbol in a slot having switching point, it shall be unusable.
From the given points, we slightly prefer option 3 to ensuring K time repetition for non-slot repetition. 

Proposal 5: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 

Dynamic indication of number of repetition K
It would be beneficial to adjust the number of repetition in terms of resource efficiency by channel status of a UE in uplink transmission. In addition, the required number of repetitions is highly related to an amount of resource. 
Considering configured grant, dynamic indication of number of repetition is necessary for supporting URLLC. When gNB wants to trigger re-TX of grant-free URLLC transmission in a short time, gNB can assign only few times of repetition with large amount of resource. Especially for activation/release DCI of configured grant, gNB can adjust the number of repetitions of grant-free without RRC signalling. It has a benefit for supporting multiple services having different requirements.
Proposal 6: For re-TX and activation of UL transmission with configured grant, the number of repetitions can be indicated by a L1 signalling

Conclusion
In this contribution, we discuss remaining issues on UL transmission with dynamic and configured grant. Our proposals are as follows:
Proposal 1: If additional ACK feedback is necessary, one of following options can be considered:
· Option 1: UE-specific DCI based on UL grant with unusable state of DCI field
· E.g., All 0’s with RA type 0, All 1’s with RA type 1 or no UL-SCH with no CSI request
· Option 2: Group-common DCI having multiple HARQ-ACK entry 
· Each HARQ-ACK entry can be mapped to a PUSCH resource
· FFS: how to map entries to PUSCH resource
Proposal 2: To ensure K times repetition, multiple configurations of configured grant can be supported. 
[bookmark: _GoBack]Proposal 3: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
Proposal 4: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 5: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 
Proposal 6: For re-TX and activation of UL transmission with configured grant, the number of repetitions can be indicated by a L1 signalling
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