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Introduction
In this document, we provide our view on configured grant enhancements for NR-U. The following aspects are discussed.
· [bookmark: _GoBack]Time domain resource configuration 
· Flexible starting points 
· CBG-based retransmission
· Ending symbol
Discussion
Time domain resource configuration
In RAN1#96bis, the following was agreed [1].
	Agreement:
Select from the following additional options for type 1 and type 2 configured grant time domain resource allocation mechanism in NR by RAN1#97
· Option 1: A bitmap to selectively enable or disable configured UL transmission opportunities as per NR Rel-15 configurations.
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Option 2: A mechanism based on multiple NR Rel-15 configurations
· FFS: Whether any further enhancement is needed to Rel-16 beyond what is being considered in the URLLC WI
· Option 3: Configuration in addition to the Rel-15 baseline of one or more of the following aspects:
· Multiple offsets within an active configuration
· Duration of transmission for an offset
· Option 4: A bitmap to configure UL transmission opportunies to replace current time domain resource configuration
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Note: This is importing LAA AUL functionality into NR



Regarding bitmap related options (option 1 and option 4), a motivation for using bitmap is flexible resource configuration to avoid DRS. Certainly, bitmap is flexible to enable/disable each slot. However, even if bitmap is used, periodicity needs to be considered (i.e., if slot level bitmap with 40 bits is used, bitmap is periodically applied every 40 slots). If bitmap size is not aligned with DRS periodicity (strictly speaking, if bitmap size is not aligned with multiples or divisors of DRS periodicity), bitmap does not have full flexibility to avoid DRS. From periodicity perspective, NR Rel.15 configuration is more flexible since periodicity can be configured taking into account DRS periodicity. Another motivation for using bitmap is to configure consecutive PUSCH transmissions (e.g., consecutive “1” values in a bitmap means consecutive PUSCH transmissions). In order to achieve this functionality, to introduce duration is simpler than bitmap. Therefore, our preference is option 3 compared to option 1 and option 4.
Regarding option 2, the same functionality with option 3 can be achieved by introducing multiple active configured grant configurations (e.g., consecutive PUSCH transmissions can be configured by multiple configurations where each offset is consecutive value). In order to configure consecutive PUSCH transmissions, the sufficient number of multiple active configured grant configurations should be supported. However, if many configurations are supported, RRC configuration size would be increased. According to LS from RAN2 [2], reduction of the total RRC configuration size is necessary. In order to reduce RRC configuration size, a concept of configured grant configuration group was discussed in URLLC session [3]. It can be also applied for NR-U. Therefore, although enhancement such as configured grant configuration group size is necessary to reduce RRC configuration, option 2 is also possible.

Proposal 1: NR-U support option 2 (A mechanism based on multiple NR Rel-15 configurations) or option 3 (Configuration in addition to the Rel-15 baseline) for configured grant resource allocation in time domain.
Proposal 2: If option 2 (A mechanism based on multiple NR Rel-15 configurations) is supported, enhancement for reducing RRC configuration size is necessary.

Flexible starting points
In RAN1AH1901, the following was agreed [1]. Whether/how to support multiple starting positions within a slot is still FFS.
	Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU
· Companies are encouraged to provide views and analysis on the following issues:
· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome
· If yes, multiple starting positions within a slot for a configured grant configuration;
· Alt. 1: subset of symbols
· Alt. 2: any symbol
· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB
· FFS signaling details
· FFS: whether similar design for scheduled grant and configured grant
· Whether the ending symbol can be punctured
· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures



Multiple starting positions within a slot would be beneficial for improving resource utilization when the medium becomes idle within a slot and other device/RAT does not use the medium. On the other hand, if multiple starting positions within a slot is supported, gNB has to detect configured grant transmission in blind manner. It increases complexity of gNB receiver. The complexity can further be increased depending on the method for supporting multiple starting positions within a slot (see below). Therefore, whether to support multiple starting position within a slot needs to be discussed taking into account whether the improvement of resource utilization is worth supporting it.

In order to support multiple starting positions within a slot, symbol puncturing approach and Rel.15 mini-slot based approach were discussed [5][6][7]. These are described as option 1 and option 2 respectively. 
· Option 1: symbol puncturing based (similar to FeLAA)
· UE can start transmission later than the starting symbol as indicated in configured grant based on LBT outcome. If transmission duration is shortened due to the shift of starting symbol, remaining symbols are punctured. 
· Pros.:
· HARQ handling would be simple (only one HARQ process for PUSCH transmission in the slot is needed)
· Flexible starting symbol is possible (any symbol can be a starting symbol) 
· Cons.:
· Retransmission for punctured TB is needed
· Option 2: Rel.15 mini-slot based
· gNB configures multiple transmission occasion within a slot using mini-slot based scheduling (e.g., if seven symbol mini-slots are used, UE has two transmission occasions within a slot). UE starts transmission from mini-slot where LBT is succeeded.
· Pros.:
· Rel.15 mini-slot scheme can be reused (some enhancements would be needed)
· The same method with PDSCH can be applied (see the following)
· Cons.:
· HARQ handling would be complicated (handling of small granularity transmission with different HARQ process is needed)
· Overhead is increased (each mini-slot within the slot needs DMRS and UCI)

In “DL signals and channels” session, the following was agreed. It means that mini-slot based method is used for PDSCH transmission. However, since the situation is different between UL and DL (e.g., processing time is different between UE and gNB), alignment between UL and DL is not so strong requirement.
	Agreement:
Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.



Considering the above pros and cons, option 1 seems simpler and more flexible with minimized overhead. Therefore, our preference is option 1 if it allows the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.

Proposal 3: If NR-U support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, symbol puncturing method should be taken.

CBG-based retransmission
In RAN1#96, the following was agreed [8]. Whether to support CBG-based retransmission using a configured grant is still FFS.
	Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements



CBG-based retransmission is useful when certain CBGs are failure. The failure of some CBGs can happen because of the radio channel condition, certain symbols collide with the other unlicensed band usage or certain symbols are not sent by UE. 
If the initial transmission of the configured grant is always non-CBG based transmission (whole TB transmission), we think CBG-based retransmission by UL grant would be sufficient. Because we assume target BLER of configured grant transmission would be 10% or lower by the radio condition including some CBGs failure, the retransmission would be relatively infrequent compared with the initial transmission. Thanks to LBT, we assume certain symbols are collision with the other unlicensed band usage would be also sufficiently infrequent.
On the other hand, the initial transmission of the configured grant is CBG-based can happen if multiple starting symbols is used for the configured grant transmission and the some symbol(s) is punctured to fit within configured grant resource. This is the case certain symbols are not sent by UE. As it is the initial transmission, the failure of some CBGs happens more frequently and more optimized design of grant is required as DFI. To indicate CBG-based retransmission by DFI is complicated but if CBG-based retransmission is frequent, such design would be necessary.
As proposed in section 2.2, our position is to use symbol puncturing if the spec support multiple starting symbols. Therefore, initial transmission of the configured grant is CBG-based via the initial transmission is multiple starting symbols and some symbols are punctured. Thus, our view is to support CBG-based retransmission using a configured grant resource is necessary if the specification support multiple starting symbols of the configured grant. If configured grant transmission is always non-CBG based transmission, we think not to support it would be sufficient.

Proposal 4: NR-U support CBG-based retransmission using a configured grant if the specification support multiple starting symbols of the configured grant.

Ending symbol
In RAN1 AH1901, whether to shift the ending symbol was discussed (see agreements captured in section 2.2). If CBG-based retransmission using configured grant resource is supported, to shift ending symbol can be beneficial also for efficient resource utilization.
For CBG-based retransmission using configured grant resource, resource size for retransmission is the same as configured resource. If a retransmission of configured grant includes only a few CBGs, resources are not efficiently used because coding rate could be lower than the required quality. In this case, to shift the ending symbol before a starting symbol candidate would be beneficial because remaining symbols can be used for other purposes (e.g., other UE starts transmitting from the next starting symbol, or the same UE transmit data of other HARQ process). 
Figure 1 shows an example. For the first slot, initial transmission carried out but seven symbols cannot be used due to LBT outcome. Then, retransmission is carried out. As the number of CBGs for retransmission is only one, actual ending symbol is shifted so that coding rate can be maintained. Then, remaining seven symbols can be used for other purposes.
[image: ]
[bookmark: _Ref4584232]Figure 1  Shifting ending symbol for CBG-based retransmission

Proposal 5: To shift ending symbol is beneficial also for efficient resource utilization if CBG-based retransmission using configured grant is supported.

Conclusion
We discussed on configured grant enhancements for NR-U. We propose the following.
Proposal 1: NR-U support option 2 (A mechanism based on multiple NR Rel-15 configurations) or option 3 (Configuration in addition to the Rel-15 baseline) for configured grant resource allocation in time domain.
Proposal 2: If option 2 (A mechanism based on multiple NR Rel-15 configurations) is supported, enhancement for reducing RRC configuration size is necessary.
Proposal 3: If NR-U support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, symbol puncturing method should be taken.
Proposal 4: NR-U support CBG-based retransmission using a configured grant if the specification support multiple starting symbols of the configured grant.
Proposal 5: To shift ending symbol is beneficial also for efficient resource utilization if CBG-based retransmission using configured grant is supported.
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