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1 Introduction
At the RAN1 #98 meeting, the following agreements were made on enhancement for configured grant (CG) transmissions [1]: 
	
Agreement:
· For DFI design for configured grants, support at least the following
· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 
· Note: Total number of HARQ processes is as defined in Rel-15
· FFS: CBG level HARQ-ACK feedback, if supported
· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH
· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 
· FFS: the definition of minimum duration for the case of slot aggregation
· UE blind decoding complexity shall not be increased due to DFI size

Agreement:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).
Working assumption:
CG-UCI is included in every CG-PUSCH transmission



Furthermore, progress was made in RAN1 #98bis meeting with more agreements listed below:  
	Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 
· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds

Agreement:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)

Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.
· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range

Agreement: 
CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)

Agreement:
· CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH


In this contribution, we provide our views on the remaining issues and potential solutions to enhance configuration-grant-based UL transmissions for NR-U. 
2. Discussion
2.1 Time domain resource allocation
With latest agreements, it is possible to configure CG resources in consecutive slots without restriction of 1 slot CG periodicity setting by leveraging new offset parameter. One of FFS aspects for time domain resource allocation is how to indicate multiple PUSCHs within a slot to increase the possibility of CG-based UL transmission after LBT operation. 
We are supportive of enabling multiple PUSCHs within a slot to improve resource utilization of NR-U. This can be simply achieved by extending the slot-level signaling framework to additionally indicate the number of sub-slot allocations within the first of the consecutive slots. It should be noted that Rel-15 NR supports CG resource allocation not only slot-based but also on a sub-slot granularity i.e. 2-sybmols or 7-symbols. This can be reused for sub-slot resource indication without any design changes except limiting to the first slot. Figure 1 provides one example to configure two Type-B PUSCH transmission opportunities within a first slot of CG-PUSCH resources. Starting from the 2nd slot of COT, it is beneficial from resource utilization perspective to switch back to slot-based transmission.  
Proposal 1: 
· Support additional RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot, e.g. 2-symbols or 7-symbols.  
· UE may switch back to slot-based transmission after channel access is obtained. 
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Figure 1: Multiple time domain resource allocations in a slot

2.2 On HARQ related operations
2.2.1 CBG-based retransmissions
One of FFS aspects for HARQ operation of NR-U design is how to support CBG-based retransmission. The following was agreed in RAN1 #96 meeting regarding retransmission for CBG-based PUSCH transmission. 
	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


It remains open regarding whether or not to limit the CBG-based retransmission to be supported by using a dynamic UL grant. 
CBG-based retransmission was defined in Rel-15 to enable HARQ operation on a per CBG basis instead of TB. With this approach, only the erroneously received CBGs are retransmitted and hence consumes significantly less resources than retransmitting the whole TB. This benefit of CBG-based retransmission cannot be explored by CG-based PUSCH transmission due to the preconfigured physical resources in time and frequency domain. In addition, it conveys CBG-based HARQ-ACK information in DFI format for each PUSCH transmission and substantially increase the DCI format size and signaling overhead. Furthermore, the UCI size also becomes larger to indicate the CBGTI-like information for each PUSCH. Therefore, based on the above considerations, we believe in most cases of CG-based PUSCH transmission support CBG-based retransmission cannot bring any practical gain, while introducing additional signaling overhead. As a consequence, we propose the following: 
Proposal 2: 
· Not support CBG-based retransmission using a UL configured grant. 

2.2.2 DFI content
In the RAN1 #98 meeting [1], it was agreed that DFI includes at least TB level HARQ-ACK bitmap for all UL HARQ processes. In addition, UE blind decoding complexity shall not be increased due to DFI size. One of remaining FFS aspects is which DCI format is used to convey DFI information. NR supports up to 16 HARQ process for CG-PUSCH, which means the maximum payload size of DFI field for a single UE maybe up to 16 bits for a single CC. To maximize the utilization of DCI format, it is beneficial to introduce a DCI format targeting to a group of UEs and each UE is configured with separate DFI field for HARQ-ACK information indication. Similarly, if needed, this DFI format structure should be possibly used to carry HARQ-ACK information for CG-PUSCH transmissions on more than one CC of a single UE with each CC associated with a separate field.
Figure 2 provides one example of DFI DCI format. The DFI format may consist of multiple blocks and each block includes HARQ-ACK bitmap IE at least. It is then up to gNB decision to associate block(s) with CCs of a single UE or with single CC for different UEs. Given different UEs shared a same DFI format can be configured with different number of CCs, it is clearly beneficial to support variable length of block by indicating the start bit position within a DFI format so as to reduce the signaling overhead.    
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Figure 2: DFI format for CG-PUSCH HARQ-ACK transmissions  
Proposal 3: 
· Consider using group-specific DCI format to convey DFI information targeting to a group of UEs or multiple CCs of a single UE. 

2.3 UCI content
The following was agreed in the past meetings [3] with regard to UCI contents: 
	Agreement: 
CG-UCI should at least include the following information: 
· HARQ ID 
· NDI 
· RV 
· COT sharing information, FFS details 
· FFS: other information including UE ID 

Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class




We believe the LBT priority class should be included in UCI content to let network know which priority class was used by UE to acquire this shared COT. Correspondingly, only DL-SCH with a same or higher priority is allowed to use this shared COT to ensure fair coexistence with incumbent systems, like Wi-Fi. Hence, we propose the following: 
Proposal 4: 
· Support to include the LBT priority class into UCI contents. 
UE may access the channel after LBT outside of gNB-initiated COT before CG-PUSCH transmission but still have data in buffer after CG-PUSCH transmissions. Hence, it is useful to also allow gNB to use the shared UE-initiated COT to continuously schedule the same UE. This can be achieved by including SR bit into UCI contents. We therefore propose the following: 
Proposal 5: 
· Support to include the SR information into UCI contents to indicate the request of continuous PUSCH scheduling.  

We believe it is important to transmit the CG-UCI content as early in the CG-PUSCH as possible to provide gNB more processing time to generate the HARQ-ACK information and transmit DFI format. It was agreed in [1] that the number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3). In Rel-15, three types of UCI maybe generated to carry on a PUSCH, including HARQ-ACK, CSI part 1 and CSI part 2. How to piggyback three legacy UCI types together with CG-UCI on a single PUSCH to meet up to three separately encoded UCI types needs to be discussed. 

Generally, UCI dropping should be avoided as much to prevent DL performance loss. Similar as concurrent transmission of HARQ-ACK and SR information, one way is to conduct joint encoding of HARQ-ACK and CG-UCI bits and then reuse the RE mapping rule of HARQ-ACK defined in Rel-15.  
Proposal 6: 
· Joint encoding the CG-UCI and HARQ-ACK bits and reuse the same Rel-15 RE mapping rule defined for HARQ-ACK piggyback on PUSCH.

3. Conclusion 
In this contribution, we discussed several FFS aspects related to CG-PUSCH transmissions on unlicensed band. Based on the discussions above, we made the following proposals:
Proposal 1: 
· Support additional RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot, e.g. 2-symbols or 7-symbols.  
· UE may switch back to slot-based transmission after channel access is obtained. 
Proposal 2: 
· Not support CBG-based retransmission using a UL configured grant. 
Proposal 3: 
· Consider using group-specific DCI format to convey DFI information targeting to a group of UEs. 
· The group-specific DCI format is size-aligned with other Rel-15 UL grant formats to keep the same number of BDs as in Rel-15.   

Proposal 4: 
· Support to include the LBT priority class into UCI contents. 
Proposal 5: 
· Support to include the SR information into UCI contents to indicate the request of continuous PUSCH scheduling.  
Proposal 6: 
· Joint encoding the CG-UCI and HARQ-ACK bits and reuse the same Rel-15 RE mapping rule defined for HARQ-ACK piggyback on PUSCH.
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