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Introduction
In RAN1 Meeting #96bis, the following agreements were achieved for configured grant (CG) uplink transmission:
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

In this contribution, some considerations on configured grant uplink transmission for NR-U are discussed.
COT sharing for configured grant uplink transmission 
In AUL transmission, UL to DL COT sharing for an UE-initiated COT is supported. If one UE wants to share some resource of it acquired COT to eNB, it could indicate eNB which subframe is shared by COT sharing indication information carried in UCI. For configured grant operation in unlicensed carrier, similar procedure can be supported, for example, UE-initiated COT can be shared to gNB for DL transmission with COT sharing information carried in UCI, where the DL burst can be used for gNB to transmit PDSCH to this UE or to UEs which have the same TCI-state value as this UE since those UEs can be assumed to have the same spatial receiver parameter, as illustrated in Figure 1. 
In addition, UE should transmit the indication of starting symbol, duration, and LBT type of the shared channel occupancy to gNB for gNB start the second transmission in the UE-initiated COT. 
[image: ]
Figure 1: UE-initiated COT to transmit PDSCH with the same spatial Rx parameter
Proposal 1: Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
On the other hand, when the transmission occasion of the periodic PDCCH carrying important information, for example, SFI information, overlaps with the UE-initiated COT, the UE may stop the uplink transmission and share the COT resource to gNB to transmit PDCCH, and then the UE may resume PUSCH transmission after finished PDCCH transmission, as illustrated in Figure 2.
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Figure 2: UE-initiated COT can be broken off by periodical PDCCH
Proposal 2: UE-initiated COT can be shared to gNB for transmission of periodical PDCCH.
Resource configuration 
In RAN1 meeting #96bis, four options are identified to enhance the type 1 and type 2 configured grant time domain resource allocation mechanism. In our view, the motivation of support configured grant transmission in NR-U should be similar as that of autonomous uplink (AUL) in FeLAA, so bitmap based time domain resource allocation which follows AUL rules is preferred. Either Option 1 or Option 4 can be considered as the candidates of time domain resource allocation mechanism for NR-U configured grant.
In addition, considering multiple numerologies are supported in NR-U, one bit in the bitmap can correspond to a slot or sub-slot or group of slots. Figure 3 shows one example of time domain resource configuration with each bit correspond to 4 slots.


Figure 3: Example of bitmap based resource configuration in time domain
Proposal 3: Either Option 1 or Option 4 can be considered as time domain resource allocation mechanism for CG-PUSCH. 
For a UE configured with AUL transmission in FeLAA, firstly the UE will be RRC configured with a set of subframes which may be used for AUL transmission. Those AUL subframes are activated and de-activated by a PDCCH command. The activation command also indicates PRB allocation, MCS, DMRS cyclic shift and orthogonal cover code to the UE. The UE may initiate an AUL transmission after receiving the activation command, or the UE may skip an AUL resource if there is no data in UL buffers. 
Similarly, for resource allocation in frequency domain for NR-U, dynamically indicated signaling along with activation command can be considered to achieve better multiplexing between scheduled PUSCH and CG-PUSCH.  
Proposal 4: Dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 
UCI enhancement 
According to the agreement, UCI which carries necessary demodulation information, i.e., HARQ process ID, NDI, RVID, and so on, should be piggybacked on PUSCH in NR-U CG transmission. In FeLAA, DMRS is transmitted at the fourth symbol of each slot and UCI is mapped from the second symbol to the thirteenth symbol in one subframe in case the first symbol or the last symbol in the subframe is punctured for LBT purpose. Following the same philosophy, the first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI. On the other hand, DMRS and UCI should be placed at the beginning of the transmission duration as much as possible for fast demodulation. Assume the transmission duration for CG-PUSCH is one slot, Figure 4 gives an example for DMRS and UCI mapping pattern for NR-U CG transmission. 


[bookmark: _Ref506622445]Figure 4: Illustration of DMRS and UCI mapping pattern for CG transmission
Proposal 5: The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.
Support link adaptation for CG-PUSCH transmission is beneficial, since it is hard for gNB to determine an accurate MCS/TBS for an UE-initiated PUSCH, while from UE perspective, it could make use of channel reciprocity to determine uplink channel quality by measure downlink reference signals in unlicensed carrier. In addition, the demodulation of CG-PUSCH and UCI piggybacked on CG-PUSCH are independent and gNB relies on the UCI result for CG-PUSCH demodulation, which makes it possible for UE to determine its own MCS/TBS parameters for CG-PUSCH and report the corresponding determined parameters in the UCI at least for the first transmission.
Proposal 6: Support UE determined MCS/TBS for CG-PUSCH. 
HARQ and DFI 
According to SI agreement, NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz, so it is possible that resource allocation in frequency domain span larger than 20MHz also for CG-PUSCH. To improve transmission efficiency for CG-PUSCH with potential large TBS, CBG based HARQ-ACK feedback and retransmission should be supported so that retransmission can be performed only for those erroneously decoded CBGs instead of the whole large TB.
Proposal 7: Support CBG based HARQ-ACK feedback for CG-PUSCH. 
Downlink Feedback Information (DFI) including HARQ-ACK feedback should be transmitted to UE after demodulation of CG-PUSCH. If the HARQ-ACK feedback of one HARQ process is NACK, gNB may schedule a grant-based retransmission for the same HARQ process, or gNB may indicate the NACK information to UE so that UE could start the retransmission for the same HARQ process via the same configured grant resource for initial transmission.  
In FeLAA, DFI information for all the HARQ process are transmitted via PDCCH. However, unlike TB-based HARQ-ACK feedback in LTE, CBG-based HARQ-ACK feedback is introduced in NR and should be supported for NR-U CG-PUSCH, which would lead to a large feedback payload and would impact on the performance of PDCCH. 
To reduce the potential large HARQ-ACK payload for PDCCH, one option is to determine HARQ-ACK codebook semi-statically corresponding to CG-PUSCH resources within a pre-configured time window, as shown in Figure 5-a. Another option is to use dynamic HARQ-ACK codebook determination, in which case the UE should transmit uplink assignment index (UAI) information to gNB through UCI piggyback on CG-PUSCH to help gNB determine the corresponding HARQ-ACK codebook, as shown in Figure 5-b. 
On the other hand, instead of reducing the large HARQ-ACK payload, full HARQ-ACK feedback transmission can be supported via PDSCH.
Proposal 8: Study how to transmit DFI in PDCCH for CBG-based HARQ-ACK feedback for CG-PUSCH. 


Figure 5: DFI transmission for CBG-based feedback for CG-PUSCH 

Conclusions
In this contribution, some considerations on CG transmission for NR-U are discussed. The following proposals are made.
Proposal 1: Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
Proposal 2: UE-initiated COT can be shared to gNB for transmission of periodical PDCCH.
Proposal 3: Either Option 1 or Option 4 can be considered as time domain resource allocation mechanism for CG-PUSCH. 
[bookmark: _GoBack]Proposal 4: Dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 
Proposal 5: The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.
Proposal 6: Support UE determined MCS/TBS for CG-PUSCH. 
Proposal 7: Support CBG based HARQ-ACK feedback for CG-PUSCH. 
Proposal 8: Study how to transmit DFI in PDCCH for CBG-based HARQ-ACK feedback for CG-PUSCH. 
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