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Introduction 
In RAN1#98 [2] and RAN1#98bis [3] meetings, the following agreements were made: 
	Agreement RAN1#98:
· 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 RAN1#98:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).
Agreement RAN1#98bis:
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 RAN1#98bis:
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 RAN1#98bis:
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 RAN1#98bis:
CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
Agreement RAN1#98bis:
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 will discuss the remaining details on NR-U configured grant:
· PHR issues with autonomous retransmissions on CG
· CBG-based retransmission on CG resource
· CG-DFI
· CG-UCI
· COT sharing with CG transmission
Discussion
PHR issues with autonomous retransmissions on CG
The autonomous retransmission on CG solves issues with LBT and collisions of UL transmissions in NR-U, but introduces a problem in regard to decoding information carried in the PHR as shown in Figure 1. The power headroom (PH) reported in a PHR is calculated based on ongoing transmissions on several carriers that overlap in time with the transmission occasion of the PHR. As the PH on a carrier varies with the size of the UL allocation (i.e. number of PRBs allocated) on the carrier, the PH reported by a UE for a carrier can only be correctly interpreted by the gNB, if it is aware of the UL allocation size for each carrier.
[image: ]
[bookmark: _Ref16762518]Figure 1. Rel-15 Multiple Entry PHR MAC CE with less than 8 serving cells configured with uplink

In autonomous retransmission cases, the gNB may not always be aware of the initial transmission occasion of a transport block (TB). As a result, the gNB would also be unaware of the grant size on various carriers at the time of the initial transmission occasion, or even if a grant was provided for the carrier or not. Therefore, if the current PHR report structure is used with AUL in NR-U, the gNB is unable to interpret the reported power headroom for a carrier.
Observation 1: As the gNB may not know the initial transmission occasion of a TB that has been autonomously retransmitted, the PH per carrier cannot be reliably interpreted from the PHR MAC CE.

To solve this issue, two potential solutions were discussed in RAN2 [4]:
Option 1: UE signals some information indicating related to the first transmission occasion along with the PHR
Option 2: UE always reports a predefined PHR type, e.g. type-1 PHR that only report virtual power headroom
In NR Rel-15 licensed spectrum operation, when an actual PUSCH transmission takes place on a carrier, the UE provides the actual headroom available on that carrier based on the ongoing transmission (as in Equation 2). This report takes the PUSCH resource assignment as well as MPR adjustments into account, to provide the gNB with an accurate view of the PH available in the UE. Furthermore, as the PH calculation re-uses the equation used by the UE to determine its UL transmission power, the computational overhead in the UE is reduced. This is important as the PH calculation needs to be performed before the UL TB can be created, as the PHR needs to be included in the TB. Similarly, when the UE transmits an SRS on the carrier, it reports type 3 PH for the carrier (as in Equation 3), providing the gNB with an accurate view of the headroom available in the carrier, while re-using the calculation the UE needs to perform to determine its UL transmission power.


[bookmark: _Ref24042313]Equation 1. Type 1 power headroom calculation for reference PUSCH transmissions



[bookmark: _Ref24042415]Equation 2. Type 1 power headroom calculation for actual PUSCH transmissions



[bookmark: _Ref24043072]Equation 3. Type 3 power headroom calculation for SRS transmissions
If option 2 is adopted, the UE is required to perform additional calculations to send type-1 PH for reference PUSCH transmissions on a carrier (as in Equation 1), regardless of the actual activity that takes place on the carrier. The PH provided to the gNB does not meet the same accuracy as Type-2 PH or Type-1 PH that uses the actual PUSCH resource assignment. On the other hand, with option 1, the UE provides the same content as provided by the PHR in Rel-15, meeting the same performance criteria as licensed spectrum operation. The only drawback of such a mechanism is the need to provide additional time-stamp like information in the MAC CE, which requires the definition of a new MAC CE for PHR reporting.
Given the reduced reported power headroom accuracy and additional computational overhead in the UE associated with Option 2, it is our view that Option 1, i.e. reporting the same power headroom values as in Rel-15 should be adopted for NR-U. Thus, RAN1 replies the LS from RAN2 [5] that the same power headroom calculation as in Rel-15 NR needs to be used in NR-U operation, and UE should signal some information indicating related to the first transmission occasion along with the PHR.
Proposal 1: RAN1 replies the LS from RAN2 that the same power headroom calculation as in Rel-15 NR needs to be used in NR-U operation, and UE should signal some information indicating related to the first transmission occasion along with the PHR.
[bookmark: _GoBack]
CBG-based retransmission on CG resource
One of the important motivations to enable CBG-based retransmission on CG resource is that UE can only retransmit some CBGs rather than the entire TB when some symbols of a CG transmission may be dropped due to the transmission later than the configured/indicated starting based on LBT outcome. However, in RAN1#97 meeting [1], it was agreed that flexible starting positions within a CG transmission are not allowed in NR-U, and we don't see other essential purposes. To avoid additional overhead due to enabling CBG-based retransmission on CG resource, e.g., DFI payload size would increase significantly in order to provide HARQ A/N per CBG instead of just per TB, CBG-based retransmission should be only supported by using dedicated resource scheduled by UL grant.
Proposal 2: Support CBG-based retransmission using ONLY dedicated resource scheduled by UL grant.
CG-DFI
Contents in CG-DFI 
In the RAN1#98 meeting [2], it was agreed that DFI includes at least TB level HARQ-ACK bitmap for all UL HARQ processes. Since the channel access on a carrier cannot be guaranteed in unlicensed band, it is beneficial to allow gNB to transmit CG-DFI corresponding to a carrier(s) on a different carrier. Meanwhile, since the number of a TB-level HARQ-ACK bitmap per CC is only 16, and RAN1 already agreed that UE blind decoding complexity shall not be increased due to DFI size, i.e., DFI size should be aligned with one of the NR Rel-15 DCI formats, there would be a lot of unused bits if CG-DFI only provides a HARQ-ACK bitmap for one carrier. To make more efficient use of the space in the DCI, the number of carriers whose HARQ-ACK bitmaps are provided in a CG-DFI transmission can be larger than one, and a field should be introduced in CG-DFI to indicate the HARQ-ACK bitmaps are provided to which CCs.
[bookmark: p5]Proposal 3: A single CG-DFI can provide TB-level HARQ-ACK bitmap(s) for one or more CCs
· A field is included CG-DFI to indicate the HARQ-ACK bitmap(s) is provided to which CC(s)
· FFS: maximum number of the CCs

DL control channel carrying CG-DFI 
In NR Rel-15, DCI format 0_0/0_1 with CRC scrambled by CS-RNTI are used for providing an UL grant for CG retransmission (by setting NDI=1) or activating/releasing CG Type 2 (if the defined validation rule is satisfied). Similarly, CG-DFI can be also transmitted via DCI format 0_0/0_1 scrambled by CS-RNTI. We see that, after CG transmission occasions, it is natural to receive DCI(s) with CRC scrambled by CS-RNTI at UE for either providing an UL grant for a certain HARQ process with a CG transmission, or a HARQ-ACK bitmap for all UL HARQ processes. To avoid additional blind detection and complexity, the size of DCI format 0_0 /0_1 conveying CG-DFI should not be changed compared to NR Rel-15. Meanwhile, we don't see clear benefits from using DCI format other than format 0_0 /0_1, e.g., DCI format 2_0, to convey CG-DFI.
Proposal 4: CG-DFI is transmitted via DCI format 0_0/0_1 scrambled by CS-RNTI, and the size of DCI format 0_0 /0_1 conveying CG-DFI should not be changed compared to NR Rel-15.
If CG-DFI is transmitted in DCI format 0_0/0_1 scrambled by CS-RNTI, a new validation rule can be defined for differentiating that the DCI is transmitted for conveying CG-DFI or other purposes. In Table, we can see how to determine the purpose of a detected DCI format 0_0/0_1 scrambled by CS-RNTI in NR Rel-15. We prefer to use a validation rule similar to activation of CG Type 2 to distinguish CG-DFI from other purposes, e.g., by setting NDI = 0, and predefined values in HARQ ID filed and/or RV field. 
Proposal 5: If CG-DFI is transmitted in DCI format 0_0/0_1 scrambled by CS-RNTI, {NDI, HARQ process, RV} are set to predefined values to distinguish CG-DFI from other purposes.

Table 1. Special fields for differentiating purposes of DCI format format 0_0/0_1 scrambled by CS-RNTI
	
	UL grant for CG retransmission using DCI 0_0/0_1
	Activating CG Type 2 using DCI 0_0/0_1
	Releasing CG Type 2 using DCI 0_0
	Conveying CG-DFI using DCI 0_0/0_1

	NDI
	Set to ‘1’
	Set to ‘0’
	Set to ‘0’
	Set to ‘0’

	HARQ process number
	
	Set to all '0's
	Set to all '0's
	TBD

	Redundancy version
	
	Set to '00'
	Set to '00'
	TBD

	Modulation and coding scheme
	
	
	set to all '1's
	

	FDRA
	
	
	set to all '1's
	


CG-UCI
During the RAN1#98bis meeting, there was a discussion on how to handle UCI multiplexing on CG-PUSCH if the number of existing UCI types beyond 3 (i.e., CG-UCI, HARQ-ACK feedback, CSI part 1, and CSI part 2). There are two possible solutions listed as follows:
· Alt1: Drop CSI part 2, and the priority order is CG-UCI, HARQ-ACK feedback, and CSI part 1.
· Alt2: In the case of HARQ-ACK feedback scheduled on a PUCCH resource that would have been carried on a CG-PUSCH, the PUCCH is transmitted and the CG-PUSCH is skipped. If HARQ ACK feedback is not scheduled on a PUCCH resource that would have been carried on a CG-PUSCH.
· CG-UCI is multiplexed using the same procedure as HARQ ACK feedback
· CSI part 1 and part 2 can be sent along with CG-PUSCH
For Alt1, there is a potential issue that the uncertainty of HARQ-ACK bits may lead to decoding failures of the CG-PUSCH and multiplexed UCIs since no total DAI can be used to confirm the number of HARQ-ACK bits. For Alt2, decoding failure of the CG-PUSCH could be avoided (still possible in the transmitted PUCCH), however, CG-PUSCH in any CC that overlaps with a HARQ-ACK feedback would be skipped in order to avoid the rare error cases. In our view, in most of the time, CG-PUSCH would be transmitted outside of a gNB’s COT and a HARQ-ACK feedback would be transmitted inside of a gNB’s COT. A HARQ-ACK feedback overlapping with CG-PUSCH could be a corner case. Moreover, we believe that gNB has the scheduling flexibility to avoid the corner case. If gNB schedules a HARQ-ACK feedback on a PUCCH resource that overlaps a CG-PUSCH, the CG-PUSCH is transmitted and the HARQ-ACK feedback is dropped, which can simply avoid the potential issues Alt1 and Alt2. For the dropped HARQ-ACK bits, gNB still has a chance to trigger retransmission for them if enhanced dynamic codebook and/or one-shot feedback are configured.
Proposal 6: In the case of a HARQ-ACK feedback scheduled on a PUCCH resource that overlaps a CG-PUSCH, the CG-PUSCH is transmitted and the HARQ-ACK feedback is dropped.
· CG-UCI is multiplexed using the same procedure as HARQ-ACK feedback
· CSI part 1 and part 2 can be sent along with the CG-PUSCH

COT sharing with CG transmission
In FeLAA, eNB is allowed to share an eNB-initiated COT with AUL transmission in subframes belonging to the UL subframes only if the COT is acquired using Cat.4 LBT with the largest priority class value, and the COT sharing is enabled/disabled via C-PDCCH signalling. Whereas, the UEs with data to transmit can share the gNB-initiated COT and either access the channel immediately, if the AUL transmission can start after gap that is less than 16 μsec, or using Cat.2 LBT otherwise. We see that a similar operation can be also supported in NR-U for CG transmission. The COT sharing information could be conveyed in DCI transmitted on GC-PDCCH together with other CO-related control information for e.g., time/frequency domain channel occupancy structure.
Proposal 7: CG transmission within a gNB-initiated COT is supported in NR-U, and the COT sharing information could be conveyed by GC-PDCCH.
Conclusion
The observation and proposals made in this contribution are summarized below: 
Observation 1: As the gNB may not know the initial transmission occasion of a TB that has been autonomously retransmitted, the PH per carrier cannot be reliably interpreted from the PHR MAC CE.
Proposal 1: RAN1 replies the LS from RAN2 that the same power headroom calculation as in Rel-15 NR needs to be used in NR-U operation, and UE should signal some information indicating related to the first transmission occasion along with the PHR.
Proposal 2: Support CBG-based retransmission using ONLY dedicated resource scheduled by UL grant.
Proposal 3: A single CG-DFI can provide TB-level HARQ-ACK bitmap(s) for one or more CCs
· A field is included CG-DFI to indicate the HARQ-ACK bitmap(s) is provided to which CC(s)
· FFS: maximum number of the CCs
Proposal 4: CG-DFI is transmitted via DCI format 0_0/0_1 scrambled by CS-RNTI, and the size of DCI format 0_0 /0_1 conveying CG-DFI should not be changed compared to NR Rel-15.
Proposal 5: If CG-DFI is transmitted in DCI format 0_0/0_1 scrambled by CS-RNTI, {NDI, HARQ process, RV} are set to predefined values to distinguish CG-DFI from other purposes.
Proposal 6: In the case of a HARQ-ACK feedback scheduled on a PUCCH resource that overlaps a CG-PUSCH, the CG-PUSCH is transmitted and the HARQ-ACK feedback is dropped.
· CG-UCI is multiplexed using the same procedure as HARQ-ACK feedback
· CSI part 1 and part 2 can be sent along with the CG-PUSCH
Proposal 7: CG transmission within a gNB-initiated COT is supported in NR-U, and the COT sharing information could be conveyed by GC-PDCCH.
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