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Introduction
In RAN1-AH#1901, followings has been agreed for grant-free transmission enhancement [1]:
	
Observations:
PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).

Agreements:
In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated

Observation:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 



In this contribution, we provide our views on possible enhancement of grant-free transmission. Specifically, we focus on the side effect of PUSCH misdetection of configured grant, whether/how to support explicit HARQ-ACK and remaining issue related to ensuring K repetitions.

PUSCH detection for grant-free transmission
In the last meeting, it had been discussed how PUSCH miss-detection affects residual PUSCH reliability. So far, one observation is that PUSCH miss-detection wouldn’t be an issue when there is only one UE or FDMed UEs. Based on this observation, we can consider actual side effect of PUSCH miss-detection with our representative scenarios.
Considering URLLC served by configured grant, we can select a scenarios having proper traffic types. One is the scenarios having periodic and deterministic traffic. In this case, networks can configure appropriate resource in advance so that UE can have suitable resource for upcoming traffic. The other is the scenarios having sporadic traffic and extremely short latency requirement. It this case, even though traffic is non-deterministic and not frequent, gNB cannot satisfy latency requirement by dynamic grant. Therefore, configured grant can be configured with a UE as a sort of resource reservation.
In case of deterministic traffic, it is quite clear that there is no resource sharing. Since all UE have periodic and deterministic traffic, there is no reason to make potential resource collision. Therefore, there is no issue by our observation. For non-deterministic traffic, networks may need to allocate multiple UE to one configured grant resource for resource efficiency. In this case, higher UE capacity of configured grant may be good to have for efficient network operating. In order to share same resource without PUSCH detection issue, there are some tools which we have. The easiest way is using FDM. In current specification, we can use 2 or 3 orthogonal DMRS ports in frequency domain. Another useful tool is repetition. As we’ve seen in the last meeting, PUSCH detection highly depends on how many DMRS RE and symbol(s) are used. By adopting repetition, PUSCH miss detection rate could become similar to a PUSCH having equivalent number of DMRS symbols. Moreover, in practical case, false alarm rate can be lower due to relatively low traffic arrival rate. 
In those point of view, we think that we already have least tool for supporting URLLC with configured grant.  
Observation 1: For representative scenarios having deterministic traffic, PUSCH miss-detection rate can be lower sufficiently. 
Observation 2: If a configured grant resource is shared by multiple UEs, FDM method and PUSCH repetition can help PUSCH miss-detection rate lower. 
Explicit HARQ-ACK feedback transmission
According to current UE behaviour in specification, a UE can determine whether to continue PUSCH repetition or not by timer and by receiving UL grant for re-transmission. In other words, even if the PUSCH is decoded successfully already, there is no way to terminate the repetition dynamically 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 for retransmission is detected even when 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 could be beneficial to consider additional explicit HARQ-ACK feedback for PUSCH from gNB side. If we consider to introduce explicit feedback of “ACK” so that UE stops repetitions, one issue is whether UE assume “NACK” when the feedback isn’t received. If UE does, it means that grant-free PUSCH relies on the explicit feedback. In this case, a reliability of explicit feedback would be an important point since it can be a bottle neck of reliability. 
In last meeting, explicit HARQ-ACK feedback was proposed as a solution of PUSCH misdetection issue. In order to clarify the necessity of explicit HARQ-ACK, it need to be discussed what is the side effect of PUSCH misdetection. As we know, gNB is not able to know when UE transmits PUSCH on configured grant resource in advance. Therefore, gNB has to perform a kind of blind decode configured PUSCH. In this procedure, there are two failure case. One is the failure of PUSCH detection, the other is wrong detection, i.e., False alarm. 
	Cases
	Current
	Explicit HARQ-ACK

	PUSCH success
	No feedback
	Explicit HARQ-ACK

	PUSCH fail
	UL grant
	UL grant

	PUSCH to DTX
	No feedback
	No feedback


 Considering explicit HARQ-ACK procedure, it doesn’t help gNB directly to detect PUSCH. It may mitigate the side effect of DTX-to-ACK error after PUSCH fails. In other words, explicit HARQ-ACK makes UE being able to distinguish ACK and DTX. Technically speaking, explicit HARQ-ACK actually indicates PUSCH-to-DTX error by L1 signaling. 
Since explicit HARQ-ACK indicates PUSCH-to-DTX error, it should have much higher reliability than PUSCH misdetection rate. Like our observation, explicit HARQ-ACK should meet certain reliability target regardless of BLER target and the number of repetitions as well. Otherwise, it has no meaning. Since limited timeline may not allow have explicit HARQ-ACK repetition, it could be harder to meet that requirement than DMRS detection case. If we assume that explicit HARQ-ACK is delivered by PDCCH, it may use 8 or 16 CCE aggregation level to meet higher reliability. If group-common DCI is used, it should use 16 CCE considering worst case. It need to be noticed that it is hard to get CSI of UE which uses sporadic URLLC traffic. Based on our representative scenarios, each UE may have periodic UL traffic every few milliseconds. If explicit HARQ ACK is introduced to solve PUSCH-to-DTX issue, this feedback should be sent every few millisecond to all UE using configured grant. As we can see, it is practically impossible to send feedback to every successful PUSCH transmission at least for URLLC case. 
In case of False alarm, explicit HARQ-ACK is neither good nor bad. Since it would be sent after successful transmission, it doesn’t change anything related to other UE.
From those point of view, it is reasonable to use explicit HARQ-ACK operation as only supplemental method and to maintain current timer-based mechanism as a default for URLLC use case. 
Proposal 1: If explicit HARQ-ACK feedback is introduced for URLLC, reliability and efficiency of feedback mechanism should be considered along with potential benefits by the mechanism. 
If we introduce HARQ-ACK channel, we can consider a few design choices as follows. Firstly, we can consider fixed feedback channel like PHICH in LTE. However, fixed channel is somewhat challenging to be introduced in already-developed NR frame structure. If it is introduced, at minimum, mapping structure should allow effective multiplexing of the HARQ-ACK channel with PDCCH CCEs. 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, using current control channel design could have more flexibility and less specification works than designing new fixed channel. 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 unused set of parameters, 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 2: 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

Additional consideration for using multiple configured grant
In the last meeting, it has been agreed to support multiple configured grant for various reasons. By using multiple configuration, gNB can configure UE with configured grant having different amount of resource or different starting/periods. So it may allow most of proposal what we has been discussed. For example, if UE have two similar configuration except for RS and starting symbol, a PUSCH transmission from each configuration can be differentiated by RS as we discussed. 
Remaining issue of multiple configuration is its flexibility. Based on our agreement, multiple configuration would be used for different service/traffic and/or enhancing latency and reliability. If each purpose requires a few configured grant configurations, it is envisioned to have a number of configuration for multiple URLLC service. So it is necessary to specify design of multiple configured grant with the consideration of number of configuration. Of course, we can consider any other solution to support multiple service and/or URLLC without multiple configuration. However, it would be desirable to have a common solution for multiple purposes if possible. 
When using multiple configuration, HARQ process management should be considered. If we allocate exclusive HARQ process pool to each configuration, so many HARQ process are required in order to get flexible starting position. Moreover, multiple configured grant can be used for multiple type of services. If one URLLC service requires fine starting point with long duration PUSCH repetition, it will restrict other services. Meanwhile, HARQ process pool is shared between grant-free and grant-based. So starting position is easy to be unavailable when exclusive HARQ process pool is used for each configuration. To maximize availability of flexible starting, HARQ process pool of multiple configuration should be able to overlap each other.
[image: ]
Figure 1. An example of multiple configured grant with HARQ process sharing
Figure 1 shows when multiple configurations are used for flexible starting points. Considering resources in dashed square, if the UE uses one of them for uplink, others cannot be used in any cases. So it seems redundant to allocate different HARQ process number for those resources. To save the number of HARQ process when using multiple configured grant, we propose following:
Proposal 3: For multiple configuration of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.

In case of type 2 configured grant, multiple configuration would require multiple activation/release DCI. If those configuration all are used for single service, i.e., for enhancing latency and reliability, resource allocation information in activation DCIs may not have much differences. Considering limited PDCCH resource, it is beneficial to support single DCI which is able to activate/release multiple configuration. Especially, it is clear that all corresponding configuration should be released when the service is no longer served. For this, it can be considered some configuration has dependency on other configuration.
Proposal 4: For multiple configuration of configured grant, it is necessary to support a DCI which is able at least to release multiple configuration.
· Each configuration can be configured with dependency on other configuration
· If a configuration is released, all other configuration having dependency on the configuration are released.
For activations with single DCI, it is necessary to indicate multiple PUSCH resource allocation for multiple configuration. To support this, like current time-domain resource allocation design, it can be considered to adopt a table which is including time/frequency resources allocation. If each entry can represent multiple resource allocation information for multiple configuration, one DCI can activate multiple configuration with multiple resource allocation by the table index. 
Proposal 5: For multiple configuration of configured grant, it can be considered to support a DCI which is able to activate multiple configuration. 
· FFS details
Determining available symbol for configured grant
Even if multiple configuration is supported or repetition can cross periodicity boundary, a remaining 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. If we don’t have any kind of handling, a repetition crossing slot boundary would be abandoned. In this case, it is hard to ensure K times repetition. 
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.
· Option 4 is to create TO starting from 1st fixed UL symbol in next slot. This would avoid slot format ambiguity from dynamic SFI missing.
[image: ]
Figure 2 possible options to choose postpone resource
When we see figure 2, Option 2 can keep the number of repetition and has smallest latency among options. But some special case, such as a slot having 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 this point of view, for some special case; if every slot has self-contained structure in future, Option 3 is most resource efficient and able to choose suitable resource properly. And Option 4 is most safe way to select available resource. So, we propose the combination of those options according to slot format determination.
[bookmark: _GoBack]Proposal 6: For mini-slot based repetitions, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO, whichever is earlier.

Conclusion
In this contribution, we discuss possible way to enhance UL transmission with configured grant for URLLC. . Our proposals are as follows:
Observation 1: For representative scenarios having deterministic traffic, PUSCH miss-detection rate can be lower sufficiently. 
Observation 2: If a configured grant resource is shared by multiple UEs, FDM method and PUSCH repetition can help PUSCH miss-detection rate lower. 
Proposal 1: If explicit HARQ-ACK feedback is introduced for URLLC, reliability and efficiency of feedback mechanism should be considered along with potential benefits by the mechanism. 
Proposal 2: 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 3: For multiple configuration of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.
Proposal 4: For multiple configuration of configured grant, it is necessary to support a DCI which is able at least to release multiple configuration.
· Each configuration can be configured with dependency on other configuration
· If a configuration is released, all other configuration having dependency on the configuration are released.
Proposal 5: For multiple configuration of configured grant, it can be considered to support a DCI which is able to activate multiple configuration. 
· FFS details
Proposal 6: For mini-slot based repetitions, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO, whichever is earlier.
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