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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. The agreements/observations made in previous RAN1 meetings are summarized in Appendix C. In this document, we provide our view on enhancement of UL grant-free transmission.
Mechanism to handle different services/traffic types
This section is resubmission of Section 2 in R1-1901291.
Multiple active configured grant configurations for a given BWP of a serving cell
It was agreed in RAN1#95 that multiple active configured grant configurations for a given BWP of a serving cell should be supported. One of main motivations to support multiple active configured grant configurations is to handle different services/traffic types. In Rel.16 URLLC, depending on the URLLC traffic (or eMBB/URLLC), UL data size varies. For example, different data packet sizes (from 32 to 10K bytes) are considered depending on use case or even within the same use cases. By supporting multiple active configured grant configurations, 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 since more initial transmission occasions are available.
In order to support multiple active configured grant configurations for a given BWP of a service cell, following issues were identified in offline summary document [3].
· What would be the typical usage of Type 1 and/or Type 2 configured grants?
· E.g., one or more Type 1 and one or more Type 2 configured grants are simultaneously activated, etc.
· How many configured grant configurations can be supported for a given BWP of a serving cell?
· What would be the necessary parameters/configurations that should be able to be independent among multiple active configured grant configurations?
· E.g., resource allocation related parameters, MIMO related parameters, MCS/HARQ related parameters, power-control related parameters, etc.
· How does UE know which configuration to use when a traffic occurs at the UE?
· How does gNB know which configuration the PUSCH belongs to, when the gNB receives a PUSCH corresponds to one of the active configured grant configurations?
· For Type 2 configured grant(s), when a DCI activating/de-activating configured grant(s) is/are received, how the UE knows for which configured grant configuration(s) the DCI activates/de-activates?
Our view on mechanism to support multiple active configured grant configurations for a given BWP of a serving cell is as follows. 
Multiple active configured grant configuration should be available for both Type 1 and Type 2 configured grant configuration. In addition, in order to support different services/traffic types, one or more Type 1 and one or more Type 2 configured grants can be simultaneously configured for a given BWP. If the use case of multiple active configured grant configurations is for ensuring K repetitions, to simultaneously configure Type 1 and Type 2 may not be necessary but such mechanism should be supported in the specification at least for handle different services/traffic types.
On the number of configured grant configurations, since the maximum number of configured SR resource per BWP of a cell for a UE is 8 in Rel.15 NR, one of possible value of the maximum number of configured grant configurations could be 8. If there is the necessity that more variation of services/traffic types than maximum number of configured grant configuration, multiple TB size and/or resource (size) within one configuration could be considered as discussed below.
On the parameters/configurations, at least for handling different services/traffic types, resource allocation related parameters (time/frequency resource), periodicities, and MCS should be configured independently. If the use case of multiple active configured grant configurations is for ensuring K repetitions, almost all parameters expect for starting offset could be the same. However, from specification point of view, enabling to configure all parameters independently would be sufficient and for such use case, to configure almost all parameters same can be up to network implementation.
How UE select which configuration to use when a traffic occurs at the UE should be RAN2 discussion similar to what SR resource is selected. If there is no overlap of the resource among configurations, which configuration is used is known by the gNB. On the other hand, for a given resource, if there is overlap, for example, 1) initial transmission of the first configuration and initial transmission of the second configuration are overlapped, 2) 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.
For 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 to indicate the configuration to be activated.
In addition to above issues, how to manage HARQ process ID in multiple configurations should be studied. One of approach is to use different HARQ process ID for each configuration. On the other hand, as far as the multiple configurations 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 configuration should be available for both Type 1 and Type 2 configured grant configuration. One or more Type 1 and one or more Type 2 configured grants can be simultaneously configured for a given BWP.
Observation 2: One of possible value of the maximum number of configured grant configurations could be 8.
Observation 3: At least resource allocation related parameters (time/frequency resource), periodicities, and MCS should be configured independently among different configurations.
Observation 4: If there is overlap of the resource among configurations, gNB needs to distinguish them by some mechanism, such as DMRS based differentiation or UCI which includes configuration ID.
Observation 5: For activation/deactivation for the case of Type 2 by dynamic indication, if multiple configurations have aligned initial transmission timing, how to identify the different configurations using the same DCI format should be considered.

Multiple TB size and/or resource (size) within one configuration and UE based selection
If data size variation is limited to only a few (e.g., up to maximum number of configured grant configurations), to support variable data size by multiple active configurations 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. The similarity can be also addressed with NR based sidelink channel.
Observation 6: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters are beneficial at least to handle variable data size.

Repetitions for grant-free UL transmission
Based on the discussion in RAN1 AH1901, it is our understanding that a unified solution related to PUSCH repetition enhancements is envisioned for both grant-based and configured grant PUSCH transmission. In this section, we therefore provide a high level view of the discussion related to PUSCH enhancements in our contribution [4]. In RAN1 AH1901, following two options for PUSCH repetitions are down-selected and further down-selection is aimed for RAN1#96. 
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
In our view, both the options are applicable to configured grant PUSCH as well and therefore the details related to each option are relevant for the discussion here as well. 
As discussed in [4], it is quite evident that the main difference between the two options is that option 1 allows the repetition of PUSCH within the slot as well as between multiple slots, while option 2 doesn’t allow the repetition of PUSCH within the slot. However, in order for option 2 to fully work in all scenarios, it would be necessary to allow more than one repetition within a slot and therefore, option 2 is self-contradictory. In addition, option 1 provides some additional benefits in terms of lower latency, flexible and short PUSCH assignments, possibility of hopping within the slot in terms of beam/TRP/panel in addition to frequency hopping. Furthermore, option 1 provides the benefit of option 2 when segmentation is allowed in case of orphan symbols at the slot boundary. In addition, for grant-free UL transmission, two or more PUSCH repetition can be in one slot has benefit of more transmission opportunities within a slot. For example, if one or more symbols are not available for PUSCH transmission in transmission in 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 1: For grant-free UL transmission in NR Rel. 16, option 1 i.e., to allow more than one repetition within a slot and/or between multiple slots, should be supported.
· To allow segmentation at the slot boundary in case of orphan symbol(s)
In our contribution [4], we further discuss details related to option 1 that needs to consider to facilitate PUSCH repetition within a slot and/or across multiple slots. One of the key issues is related to time domain resource assignment. As discussed in [4], we propose to have a unified enhancement for time domain resource assignment for both grant-based and configured grant PUSCH transmission. For this reason, we propose enhancements in the RRC configuration for PUSCH time domain resource allocation that can be used for both grant-based and configured grant PUSCH transmission. More details related to specific enhancements for time domain resource assignment can be referred to in [4].
Proposal 2: For grant-free UL transmission in NR Rel. 16, RRC configuration for PUSCH time domain allocation should be enhanced to indicate the time domain resource assignment for PUSCH repetitions.
How to handle the case that the transmission opportunities are unavailable due to SFI configuration and/or SRS/PUCCH resource should be considered. This issue will be related to ensuring K repetition. From reliability (ensuring K repetition) and latency point of view, postpone the remaining repetition to the earliest available UL symbol could be one possible solutions.
Proposal 3: Study how to handle the case that the transmission opportunities are unavailable due to SFI configuration and/or SRS/PUCCH resource.
In addition, we also 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. The repetition rounds without the DMRS will share the last available DMRS for channel estimates. Note that DMRS sharing is possible only when same precoder/TRP/beams are used for repetitions.
Proposal 4: For grant-free UL transmission in NR Rel. 16, DMRS sharing between repetitions within a slot should be supported.
Explicit feedback for grant-free UL
gNB’s miss-detection performance
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. 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. If RLC operation is AM, RLC retransmission can be requested but it would not be suitable for URLLC use case. If RLC operation is TM or UM, there is no mechanism to retransmit data, then it implies that the packet which was missed at gNB as DTX will be lost. Although, it is considered to be sufficient for eMBB, but for NR URLLC in Rel.16, it might 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 or grant-free mis-detection).
Based on the observation in RAN1 AH1901, if a configured grant PUSCH resource is not shared by multiple UEs, and if the reliability requirement is to be met by a single transmission, PUSCH miss detection probability is lower than the PUSCH target BLER. Therefore, in this case, gNB’s miss detection would not be the issue.
It was also observed in [5] and in RAN1 AH1901 that, 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 order to investigate the gNB’s PUSCH miss detection performance in this case, we performed the link level evaluation. Link level simulation parameters are shown in Appendix A. 
Figure 1 shows PUSCH BLER and miss-detection performance with several combinations of allocated number of symbols and RBs. gNB’s DTX detection is based on DMRS sequence detection. The false alarm target is set to 1% and 0.001%. DMRS configuration is Type 1 and 1-symbol DMRS. For 8-symbol and 10-symbol PUSCH, the case when enabling additional DMRS is also evaluated. The number of UEs sharing the time/frequency-domain grant free resource is assumed to be 1. For 2-symbol or 4-symbol PUSCH with larger number of allocated RBs, gNB’s miss detection is not the issue even if the BLER target if the initial transmission is relaxed (e.g., BLER=10-1). While for 8-symbol or 10 symbol PUSCH with smaller number of allocated RBs, miss detection performance degrades. However, higher false alarm target setting entails lower miss detection probability and enabling additional DMRS can improve the miss detection performance. It can be seen from Fig.1 (c) and (d) that even if the BLER target is relaxed (e.g., BLER=10-1), the required SNR for decoding PUSCH is still higher than that for gNB’s miss detection to achieve 10-5 by proper setting the false alarm target and/or additional DMRS and therefore, miss detection issue would be resolved.
Observation 7: As far as the false alarm target and/or number of DMRS is selected properly, gNB’s miss-detection issue would be resolved.
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(a) 2 symbols, 70 RBs (TBS=256 bits)                               (b) 4 symbols, 24 RBs (TBS=272 bits)
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(c) 8 symbols, 10 RBs (TBS=256 bits)                               (d) 10 symbols, 8 RBs (TBS=272 bits)
Figure 1 PUSCH miss-detection and BLER performance

In RAN1 AH1901, whether more than one UE needs to be further evaluated or not was discussed. For UL grant-free transmission, to configure completely individual resource for each UE of grant-free is resource inefficient. Then, network may configure multiple UEs to share the resource. However, the network should configure the resource considering that collision rate is sufficiently low taking into account the service of the URLLC traffic characteristics. If high collision rate is expected, the number of UEs to share the same resource should be reduced. Such high collision case should be handled as NOMA work as functionally there is no difference between grant-free and NOMA. The main difference is the advanced receiver usage in NOMA and potential some modification of Tx scheme.
Based on above discussion, we have following observation.
Observation 8: Explicit HARQ-ACK feedback is not considered in Rel.16 URLLC.

Conclusion
In this contribution, we discussed enhancement for UL grant-free transmission in Rel.16 URLLC and made following observations and proposals.
Mechanism to handle different services/traffic types
Observation 1: Multiple active configured grant configuration should be available for both Type 1 and Type 2 configured grant configuration. One or more Type 1 and one or more Type 2 configured grants can be simultaneously configured for a given BWP.
Observation 2: One of possible value of the maximum number of configured grant configurations could be 8.
Observation 3: At least resource allocation related parameters (time/frequency resource), periodicities, and MCS should be configured independently among different configurations.
Observation 4: If there is overlap of the resource among configurations, gNB needs to distinguish them by some mechanism, such as DMRS based differentiation or UCI which includes configuration ID.
Observation 5: For activation/deactivation for the case of Type 2 by dynamic indication, if multiple configurations have aligned initial transmission timing, how to identify the different configurations using the same DCI format should be considered.
Observation 6: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters are beneficial at least to handle variable data size.

Repetitions for grant-free UL transmission
Proposal 1: For grant-free UL transmission in NR Rel. 16, option 1 i.e., to allow more than one repetition within a slot and/or between multiple slots, should be supported.
· To allow segmentation at the slot boundary in case of orphan symbol(s)
Proposal 2: For grant-free UL transmission in NR Rel. 16, RRC configuration for PUSCH time domain allocation should be enhanced to indicate the time domain resource assignment for PUSCH repetitions.
Proposal 3: Study how to handle the case that the transmission opportunities are unavailable due to SFI configuration and/or SRS/PUCCH resource.
Proposal 4: For grant-free UL transmission in NR Rel. 16, DMRS sharing between repetitions within a slot should be supported.

Explicit feedback for grant-free UL
Observation 7: As far as the false alarm target and/or number of DMRS is selected properly, gNB’s miss-detection issue would be resolved.
Observation 8: Explicit HARQ-ACK feedback is not considered in Rel.16 URLLC.
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Appendix A:	Link level simulation assumption
Table 1 Simulation assumption
	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Waveform
	CP-OFDM

	Channel model
	TDL-C, delay spread = 100 ns, 
UE speed: 3 km/h

	Number of Tx antennas
	2 (Closed loop precoding)

	Number of Rx antennas
	4

	Number of allocated symbols and RBs
	2 symbols, 70 RBs
4 symbols, 24 RBs
8 symbols, 10 RBs
10 symbols, 8 RBs
13 symbols, 6 RBs

	Channel estimation
	Realistic (MMSE)

	MCS table
	MCS7 in MCS Table 3 CP-OFDM

	TBS
	256, 272

	DMRS
	DMRS Type 1, 1-symbol DMRS

	False alarm rate
	DMRS sequence detection: 1%, 0.001%



Appendix C: Agreements/Observations in previous meetings
RAN1#94
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
RAN1#94bis
Agreements:
· To study further from at least the following:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one retransmission cross boundary of a period P
· FFS the UE behaviour when repetitions are collided with the resource which are not available for UL transmission
· Note: Switch grant free to grant based retransmission which is available in Rel.15
RAN1#95
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency.
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant.
Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant.
· Study how to resolve gNB’s missed detection if it is an issue
· Study should take at least following into account:
· Companies report the false alarm target
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered.
RAN1 AH1901
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:
· 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.).
Observation:
· 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.
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