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1. Introduction
At the RAN1#98 meeting, configured grant enhancement for NR-U was discussed and following agreement/working assumption were made [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



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “configured grant enhancements” agenda was endorsed [2].
	7.2.2.2.4 Configured grant enhancements
Essential
· DFI design, including content and CG PUSCH to DFI timing
· UCI design, including content and multiplexing
Optimizations
· Ending symbol flexibility
· CBG based transmission with CG resource



In this contribution, we discuss further on the potential configured grant enhancements for NR-U operation.


2. Discussion on potential configured grant enhancements
2.1	DFI design
Regarding DFI, in addition to the agreement as shown in Section 1, RAN1 made following agreements in previous RAN1 meetings.
	Agreement:
It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.

Agreement:
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.

Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements



As in [3], following aspects related to CG-DFI design have been discussed in previous RAN1 meetings:
· DFI includes an NDI bit for each HARQ ID determination
· HARQ-ACK bitmap for all UL HARQ processes for NR-U CG
· HARQ-ACK for scheduled PUSCH
· Size of DFI e.g. UL grant DCI size, FFS: content details
· Earliest (minimum) timing from CGU PUSCH to CGU-DFI
· DFI in GC-PDCCH 
· HARQ feedback design in group common (GC) DFI, details FFS
· Transmission parameters (such as MCS, RI, PMI, RA, SRI) indicated in the CG-DFI 
· DFI for scheduled cell in cross-carrier scheduling
· CBG level ACK/NACK feedback in DFI including overhead reduction mechanism

In case that initial CG transmissions for some HARQ processes are not successfully detected by gNB, UE would perform retransmissions for those HARQ processes based on either NACK in DFI, timer expiration or scheduling grant. If transmission parameter adaptation such as changing MCS, RI, PMI, RA, SRI is necessary, the approach based on scheduling grant can be used and hence the inclusion of those transmission parameters in the CG-DFI would not be essential. Similarly, if CBG level retransmission is necessary/beneficial, the approach based on scheduling grant can be used. However, as long as the size of DFI can be same as the size of one of DCI formats monitored by NR-U UE, CBG level HARQ-ACK feedback information in the DFI would be beneficial. Otherwise, for HARQ process requiring CBG based retransmission, the DFI indicates NACK (i.e., corresponding bit is not toggled) and UE may perform retransmission on configured grant resource for whole TB.
Observation 1: The inclusion of transmission parameters (such as MCS, RI, PMI, RA, SRI) in the DFI would not be essential.
Observation 2: CBG level HARQ-ACK feedback information in the DFI would be beneficial.
Since explicit HARQ-ACK feedback (with potentially CBG level information) is included in the DFI, in order to efficiently utilize the bit size of the DFI, the RNTI for the DFI can be commonly configured to group of UEs so that the DFI carries explicit HARQ-ACK feedback for the group of UEs. Each UE in the group can be configured with corresponding bit position in the DFI as well as the RNTI.
Observation 3 Group-common RNTI for the DFI would be beneficial.

2.2	UCI design
Regarding CG-UCI, in addition to the agreement as shown in Section 1, RAN1 made following agreements in previous RAN1 meetings.
	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



As in [3], following additional parameters have been proposed in previous RAN1 meetings to be included in CG-UCI:
· UE-ID 
· CRC
· Indication of PUSCH start and end point/slot 
· Resource configuration index
· Details on UE initiated COT sharing with gNB, e.g.  LBT type/priority class, COT duration (details FFS)
· Extended fields to indicate multiple blanked OSs
· Transmission parameters (such as MCS, PMI, RI, SRI) 
· shared CG-UCI corresponding to multiple PUSCHs
· SR information to indicate the request of continuous PUSCH scheduling
· UAI (similar to DAI in DL)
· UL transmit power
· CBG level ACK/NACK
· CBGTI, if CBG based retransmission on configured grant resources is supported

Regarding the multiplexing of CG-UCI and PUSCH (including location of DMRS), following proposals have been raised:
· CG-UCI mapped on first symbol after DMRS 
· DMRS and CG-UCI are transmitted on symbol are last allowed starting point
· First symbol and last symbol are not used for DMRS/CG-UCI
· CG-UCI is mapped using the Rel-15 UCI multiplexing rules, CG-UCI is sent before HARQ-ACK/NACK.
· CG-UCI with same priority as HARQ-ACK UCI
· Mechanism of beta-offset in NR Rel-15 for HARQ-ACK/CSI on CG-PUSCH can be a starting point
· Multiplexing rule of HARQ ACK, CSI-part1 and CSI-part 2 and configured grant PUSCH
· CSI part 1 and CSI part 2 are mapped starting on the first available non-DMRS symbol after the last allowed starting point

In this sub-section, we discuss on CG-UCI design, including contents and multiplexing of CG-UCI bits to CG PUSCH.
Regarding CG-UCI contents, HARQ ID, NDI, RV and duration information are already agreed. The duration information can be represented by the number of symbols that the gNB is allowed to transmit in UE initiated COT. The number of symbols for both starting offset and duration would be necessary since UE may or may not perform CG PUSCH transmission in subsequent slots.
Additionally, CRC, LBT priority class and CBGTI (if CBG based retransmission on configured grant resources is supported) should be included in CG-UCI. 
Proposal 1: Following contents are included in CG-UCI in addition to HARQ ID, NDI and RV.
· The starting offset and duration of resources that the gNB is allowed to transmit in UE initiated COT
· CRC
· LBT priority class
· CBGTI (if CBG based retransmission on configured grant resources is supported)
Regarding the multiplexing of CG-UCI to CG PUSCH, we think that unless significant issue is identified, Rel-15 multiplexing rules used for HARQ-ACK UCI should be reused as much as possible.
Proposal 2: Rel-15 multiplexing rules used for HARQ-ACK UCI is reused for multiplexing CG-UCI to CG-PUSCH as much as possible.

2.3	Time domain resource configuration
Regarding the time domain resource configuration, following points are raised in [3]:
· NR-U supports multiple active configured grant configurations per BWP
· Signalling details of number of allocated slots
· DMRS symbol position is maintained in every transmitted CGU slot.
· Multiple PUSCH indication within a slot
· Interpretation of SLIV
· Time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots.
· timeDomainAllocation field is enhanced to indicate one start symbol value providing start symbol for the first slot of any burst and one end symbol value that applies to last slot of any burst,
· UE can be configured with overlapping mini-slot and full slot configurations and UE can choose which configuration it wishes to use on any slot.
· Mini-slot starting points: A symbol level bitmap is used to indicate the allowed starting points within a slot. The same configuration applies for every allocated slot
· 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.
· If the number of PUSCH occasions within an allocated slot is more than 1, UE determine the mapping of every PUSCH occasion within the slot in consecutive manner.
· flexible indication of multiple consecutive PUSCHs within a slot such that the PUSCH length is longer than a minimum length and can be shorter than 7 symbols

For multiple PUSCH indication within a slot, the following options are summarized:
· Option 1: 
· For the first allocated slot,
· S is the starting symbol of the first PUSCH, L is the PUSCH length for n-1 consecutive PUSCHs.
· FFS: the value of n and the nth PUSCH length.
· For the M-1 allocated slots, 
· Alt 1: Assume S=0, switching to a default PUSCH configuration, e.g., full slot.
· Alt 2: the same configuration as the first slot.
· Option 2: CGU transmission burst can be transmitted from symbol S in the first transmitted CGU slot to symbol S+L in the last transmitted CGU slot without any gap between transmitted CGU slots.
· Option 3: RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot.

As discussed in our companion contribution regarding HARQ enhancement for NR-U [4], using a single SLIV for multiple PUSCH indication within a slot has commonality with signalling the TDRA for multi-TTI UL grant. Considering DCI payload for CG type 2 and continuous PUSCH transmission behaviour within a COT, the following mechanism should be supported:
Proposal 3: For configured grant, a single SLIV is used for multiple PUSCH indication within a slot.
· For the first allocated slot:
· S is the starting symbol of the first scheduled PUSCH, L-symbol PUSCHs are mapped continuously until the end of the slot.
· Option 1: Combination of (S, L) is limited to no-gap case only.
· Option 2: If the combination of (S, L) has gap, the number of symbols of the last PUSCH in the slot is increased to include symbol#13.
· For the remaining allocated slots:
· Option 1: Assume mapping type B 14-symbol without additional configuration (type 1) or DCI bits (type 2)
· Option 2: Assume mapping type B 14-symbol other than last PUSCH, S = 0 and L is indicated for the last PUSCH with additional configuration (type 1) or DCI bits (type 2)
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Figure 1: Examples of configured grant multiple PUSCH indication for the first allocated slot
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Figure 2: Examples of configured grant multiple PUSCH indication for the remaining allocated slots
3. [bookmark: _GoBack]Conclusion
In this contribution, we discussed on the potential configured grant enhancements for NR-U operation. Based on the discussion, we made following proposals and observations.
Observation 1: The inclusion of transmission parameters (such as MCS, RI, PMI, RA, SRI) in the DFI would not be essential.
Observation 2: CBG level HARQ-ACK feedback information in the DFI would be beneficial.
Observation 3 Group-common RNTI for the DFI would be beneficial.
Proposal 1: Following contents are included in CG-UCI in addition to HARQ ID, NDI and RV.
· The starting offset and duration of resources that the gNB is allowed to transmit in UE initiated COT
· CRC
· LBT priority class
· CBGTI (if CBG based retransmission on configured grant resources is supported)
Proposal 2: Rel-15 multiplexing rules used for HARQ-ACK UCI is used for multiplexing CG-UCI to CG-PUSCH as much as possible.
Proposal 3: For configured grant, a single SLIV is used for multiple PUSCH indication within a slot.
· For the first allocated slot:
· S is the starting symbol of the first scheduled PUSCH, L-symbol PUSCHs are mapped continuously until the end of the slot.
· Option 1: Combination of (S, L) is limited to no-gap case only.
· Option 2: If the combination of (S, L) has gap, the number of symbols of the last PUSCH in the slot is increased to include symbol#13.
· For the remaining allocated slots:
· Option 1: Assume mapping type B 14-symbol without additional configuration (type 1) or DCI bits (type 2)
· Option 2: Assume mapping type B 14-symbol other than last PUSCH, S = 0 and L is indicated for the last PUSCH with additional configuration (type 1) or DCI bits (type 2)
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Appendix: RRC parameters
RRC parameters necessary for supporting the proposals in this contribution are summarized as follows. The added/modified parts from [5] are colored by red.

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	cg-nrofSlotPUSCHs-r16
	{?2,…, 16}
	new
	Per UL BWP
	Dedicated
	Introduce this in ConfiguredGrantConfig. Number of allocated slotPUSCHs following the time instance of configured grant offset.
Still FFS how to handle CG UL in one slot
	

	cg-DFIDelay-r16
	{?}
	new
	Per UL BWP
	Dedicated
	Introduce this in ConfiguredGrantConfig. This is the minimum duration, from the ending symbol of the CG-PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH. UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-cg-DFIDelay-r16, where n is the time corresponding to the beginning of the start symbol of the DFI.
	

	Last-puschLength-r16
	{1,…, 14}
	new
	Per UE
	Dedicated 
	Introduce this in ConfiguredGrantConfig. Length of last PDSCH for CG type 1.
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