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1 [bookmark: _GoBack]Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant


















This contribution discusses the aspects related potential enhancements on configured grant for NR-U.
2 Discussion
1 
2 
Configured Grant for NR-U
In unlicensed operation, if a UE has a data packet to be transmitted to a gNB, multiple channel access procedures (e.g. LBT) are required for uplink grant and the corresponding UL transmission. Therefore, it was identified during Rel-13 LAA SI that channel access opportunity for uplink data transmission of LTE-LAA UE is significantly degraded. That is, for UL-grant based transmission, the channel access opportunity is much less than Wi-Fi due to LBT at both eNB for uplink grant transmission and at UE for UL transmission scheduled by UL-grant, while only one LBT at UE side is required in Wi-Fi system. In addition, the deterministic transmission timing indicated by UL-grant forces UE to wait and perform additional channel sensing right before the indicated UL subframe even though UE may already succeed in LBT at an earlier time, which is at risk of losing the channel occupancy. Worse still, the latency between UL grant and the corresponding UL transmission also make UE more susceptible to lose the channel occupancy. Therefore, in Rel-15 FeLAA WI, autonomous UL(AUL) transmission is to be introduced to reduce the performance degradation of LAA UE compared with Wi-Fi terminals by allowing UL transmission without grant in a semi-persistent manner. Therefore, it was identified that supporting AUL transmission is also beneficial for NR-U. In NR, to minimize PDCCH overhead and the latency between UL grant and the corresponding UL transmission, a gNB can allocate uplink resources periodically for the initial HARQ transmission to UEs with configured grants. Following two types of configured uplink grant are defined:
· With Type 1, RRC directly provides the configured uplink grant (including the periodicity).
· With Type 2, RRC defines the periodicity of the configured uplink grant while PDCCH addressed to CS-RNTI can either signal and activate the configured uplink grant, or deactivate it; 
· i.e. a PDCCH addressed to CS-RNTI indicates that the uplink grant can be implicitly reused according to the periodicity defined by RRC, until deactivated.
When a configured uplink grant is active, if the UE does not detect PDCCH(s) with CRC scrambled by C-RNTI/CS-RNTI, an uplink transmission according to the configured uplink grant can be made unless UE’s buffer is empty. Otherwise, if the UE detects PDCCH(s) with CRC scrambled by C-RNTI/CS-RNTI, the PDCCH allocation overrides the configured uplink grant. It is noted that retransmissions other than repetitions are explicitly allocated via PDCCH(s). 
With type 2 configured grant, most of configurations other than the periodicity can be easily updated by (re)activation, if necessary while RRC reconfiguration is required for type 1 configured grant. Therefore, it is preferred that at least type 2 configured uplink grant based transmission is supported for NR-U.
Proposal 1: NR-U supports at least type 2 configured uplink grant.
Resource Allocation for Configured Grant NR-U
In NR, after an uplink grant is configured and initialized, the UE can assume that the Nth uplink grant occurs periodically. For example, for a configured grant type 1, the Nth uplink grant occurs associated with the symbol for which:
· [(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
Similarly, the Nth uplink grant for a configured grant type 2 occurs associated with the symbol for which:
· [(SFN×numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = [(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PUSCH where the configured uplink grant was (re-)initialised. 
Basically, if configured grant for NR-U follows configured uplink grant manners in NR, it is quite obvious that aforemetioned periodicity based time resource allocation is considered. However, this approach can results in the loss of the flexibility in time resource allocation (e.g. difficult to allocate contiguous resource in a period). Therefore, bitmap based time resource allocation was adopted in Rel-15 FeLAA which can schedule the uplink subframe(s) to be avoided from the potential DL transmission (e.g. DMTC window). In NR, this bitmap based time resource allocation approach may cause significant signaling overhead due to supporting multiple SCSs. Therefore, resource allocation method should be carefully studied with consideration of target use case, flexibility, and signaling overhead.
Proposal 2: Further studies are required for the time resource allocation scheme of configured grant NR-U.
In FeLAA, a starting position of AUL is determined by an offset configured by eNB. For instance, when a AUL UE is allocated with the full channel bandwidth, a starting position of AUL PUSCH is determined by the offset value which is randomly selected by the UE from the configured set, i.e., {34, 43, 52, 61, OS#1} and {16, 25, 34, 43, 52, 61, OS#1} for AUL transmission within and outside of eNB MCOT, respectively. In case that a AUL UE is allocated with partial channel bandwidth, a starting position of AUL PUSCH is determined by RRC configured AUL-specific PUSCH starting offset value, where the offset values are separately configured for AUL transmission within and outside of eNB MCOT, respectively. 
In NR, the similar approach can be considered as a baseline for determining a starting position of AUL. In addition, SCS should be taken into account when an offset value is determined, such as {34, 43, 52, 61, OS#4} for 60kHz. 
Proposal 3: Subcarrier spacing need to be considered for determining offset value for starting position of AUL.
Enhancements on HARQ Operation
In the RAN1#93, it was agreed to inherit the basic procedure from FeLAA for NR-U, i.e., UE determines HARQ process information such as HARQ process ID, NDI, and RVID itself and inform gNB by UCI piggyback on PUSCH. In addition, NR-U supports HARQ-ACK feedback for configured grant transmission that is explicitly indicated in a dedicated DCI, aka downlink feedback information (DFI). UE can perform autonomous new transmission or retransmission according to the detected DFI. Regarding the introduction of UCI and DFI for configured grant NR-U, enhancements considering NR new features such as CBG, K repetition, etc., should be studied.
Proposal 4: Potential enhancements on DFI and new UCI considering NR new features should be studied for NR-U.
UL-to-DL COT Sharing
In ETSI BRAN harmonized standard for 5GHz unlicensed spectrum, it is allowed that an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current channel occupancy time (COT). That is, an UE initiating UL transmission can share the channel with the eNB for downlink transmission within the UE’s occupied COT, which can minimize eNB’s effort to access the channel. 
In FeLAA, to realize UL-to-DL MCOT sharing, a new mechanism is introduced to indicate Channel Occupancy Time (COT) sharing indication on the AUL PUSCH to the eNB. If COT sharing indication is enabled, the eNB can transmit DL transmission up to 2 symbols for PDCCH. Since UL-to-DL MCOT sharing can minimize eNB’s effort to access the channel, it is desirable for NR-U to support UL-to-DL MCOT sharing mechanism. Further studies are required whether UL-to-DL sharing of NR-U is also limited to only PDCCH transmission. Potential candidate scenarios of UL-to-DL sharing can be categorized as follows: 1) DL transmission including only PDCCH transmission, but allow a flexible starting position and length. 2) DL transmission including PDCCH and PDSCH within a limited duration (e.g., a slot). 3) DL transmission including PDCCH and PDSCH within multiple slots. To maximize resource utilization within the acquired COT, transmission of PDCCH and PDSCH can be considered when UL-to-DL sharing is enabled. In this case, how to indicate downlink resource for UL-to-DL sharing to the gNB including gNB’s preparation time for DL transmission also needs to be studied.
Proposal 5: Further studies are required whether transmission of PDSCH is allowed when UL-to-DL COT sharing is enabled. 
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U supports at least type 2 configured uplink grant.
Proposal 2: Further studies are required for the time resource allocation scheme of configured grant NR-U.
Proposal 3: Subcarrier spacing need to be considered for determining offset value for starting position of AUL.
Proposal 4: Potential enhancements on DFI and new UCI considering NR new features should be studied for NR-U.
Proposal 5: Further studies are required whether transmission of PDSCH is allowed when UL-to-DL COT sharing is enabled.
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