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Introduction
In the previous RAN1 meeting #92bis, it was agreed to support NR transmission with configured grant in NR-U as quoted below [1]:  
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· [bookmark: _GoBack]Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

In this contribution, we therefore discuss the support of uplink transmission with configured grant in NR-U and the changes required with respect to NR in aspects such as time-frequency resource configuration, HARQ enhancements, MCOT sharing and LBT mechanism as well as transmission adaptation.  

[bookmark: _Ref129681832]Uplink Transmission with Configured Grant in NR-U

Time-frequency Resource Configuration
Motivated by the stringent latency requirements of some UL traffic applications such as URLLC, NR has so far specified two types for UL transmission with configured grant (CG) in the licensed band. In Type1, PUSCH transmission is based solely on UE-specific RRC configuration of resources including; frequency-domain resources, time-domain resources (periodicity and offset of a resource with respect to SFN=0), UE-specific DMRS, MCS, RV sequence, number of HARQ processes and number of repetitions. 
Whereas in Type2, PUSCH transmission further depends on UE-specific L1 activation/de-activation signal which carries the frequency-domain resources, enables/disables the transmission on the configured time-domain resources, and can also update some transmission parameters. In such case, the UE is required to respond with a MAC CE to confirm that it received the L1 activation signal. 
As a starting point, the mechanism for NR-U transmission with CG can be based on the existing support for Type 1 or Type 2 in NR; the latter would be similar to the resource configuration of LTE-based AUL. It worth noting though that Type 1 has an advantage that the UE does not need to continuously monitor the UE-specific DCI, except when a DL grant or ACK/NACK feedback is expected; this energy efficiency benefit is particularly important for the devices of IoT applications. 
Using either Type 1 or Type 2, a successful LBT is required before gNB transmits the PDSCH carrying the RRC configuration and also for each channel access before the UE transmits the PUSCH on the pre-configured periodic resources. With a mechanism based on Type 2, the gNB is further required to perform a successful LBT before transmitting the L1 (re-)activation/de-activation signal and the UE is required to perform a successful LBT before responding with a MAC CE. Whereas in a mechanism based on Type 1, no LBT is required for the transmission of an L1 (re-)activation/de-activation signal and a respective MAC CE response.     
In any case, an UL CG in NR-U needs also to comply with the regulatory requirements in the unlicensed spectrum such as the minimum OCB and maximum PSD requirements, and therefore, the resource configuration should include the frequency interlace(s) to be used within a the configured frequency resources.
Proposal 1: Mechanisms for uplink transmission with configured grant in NR-U based on NR type 1 or type 2 should be supported in NR-U.

Observation 1: An NR-U mechanism for transmission with configured grant based on NR Type 1 would be less susceptible to blocking of configuration signalling in the unlicensed spectrum and would incur less complexity and energy consumption compared to a Type 2-based mechanism.

Proposal 2: For the uplink transmission with configured grant in NR-U, configuration of frequency-domain resources includes one or more frequency interlaces.
 
Multiple resource configurations per NR-U UE 
Compared to NR in the licensed band, the anticipated UL traffic intensity and diversity for transmission with configured grant is much larger in NR-U. This because it is beneficial for uplink traffic of various traffic classes to overcome the LBT overhead incurred with scheduled UL in the unlicensed spectrum. Particularly in the absence of a licensed anchor cell for transmission of SR or cross-carrier UL grant in some deployment scenarios targeted in NR-U. As such, an NR-U UE can be transmitting uplink packets from different traffic classes (QCIs) with different latency and/or bit rate requirements for which a single resource configuration, e.g., periodicity and TBS, may not be adequate. Therefore, it is important to support multiple resource configurations per UE for the uplink transmission with configured grant to satisfy the diverse QoS requirements anticipated in NR-U.

Proposal 3: Multiple resource configurations per UE should be supported for uplink transmission with configured grant in NR-U.
     
Improved resource utilization subject to LBT
    
Alignment of transmission start time of multiple UEs
Configuring dedicated time/frequency resource to each UE is likely to result in resource waste and decreased user capacity. This is due to the fact that burst traffic may results in pre-configured dedicated resources to be underutilized. But more importantly, a UE with data ready to transmit may not gain access to the pre-configured resources as a result of LBT failure. 
Therefore, one technique to improve the resource utilization with pre-configured resources is to configure a selected set of UEs with same time-domain and either orthogonal or same frequency interlaces on the same unlicensed channel, while aligning their transmission starting points to avoid mutual blocking during the LBT. If a collision occurs in the latter case, the receiving gNB can identify the UEs using other pre-configured resources, such as DMRS, and resolve the collision in the spatial or code domains. As such, resource utilization is improved despite the burst traffic and channel availability leading to increased user capacity and reduced latencies. 
However, when UEs are not configured with unique dedicated resources, the gNB needs a mechanism to identify the UE transmitting with a configured grant. In NR, it is supported to use DMRS to identify the UE. 

Proposal 4: UE identification using distinguishable configured resources such as DMRS should be supported for transmission with configured grant in NR-U

Multiple transmission opportunities
Due to the uncertainty of the unlicensed channel availability in NR-U, a UE with data ready to transmit may not gain access to the pre-configured resources as a result of LBT failure. Not only does missing the pre-configured transmission opportunity lead to further underutilized resources, but it also results in excessive latencies that may compromise the gains of bypassing the UL grant procedure. This is because the UE that missed the pre-configured periodic transmission opportunity needs to defer its channel access for the remaining time span of the configured period until the following transmission opportunity. Therefore, the following techniques provide a remedy to this problem by providing the UE with multiple transmission opportunities for transmission with configured grant in NR-U.

Multiple transmission occasions:
Another technique to improve the resource utilization with pre-configured resources is to configure the UE with multiple transmission occasions over the pre-configured transmission opportunity. Before the beginning of the pre-configured period, the UE performs the LBT procedure towards accessing the first transmission occasion. If the LBT is successful, the UE transmits the PUSCH normally. However, if the LBT fails, the UE does not defer the channel access for the remaining pre-configured period. Rather, it resumes its channel access attempt by performing LBT towards accessing the second transmission occasion on so on until the LBT before the last transmission occasion fails as shown in Fig. 1. As such, resource underutilization and excessive latencies associated with missing pre-configured transmission opportunities due to LBT failures are avoided.

[image: ]
Fig. 1 Multiple pre-configured transmission occasions within the periodicity of the configured grant.


gNB-triggered transmission with configured grant:
In addition to periodic configured-grant transmissions based on Type1 or Type2, the gNB could also dynamically allow a group of UEs to transmit on additional resources in accordance with a configured grant (except for periodicity and time offset) by sending a DL common alignment signal such as a short DCI associated with  a group ID. In fact, such a mechanism has some similarities to the two-step UL grant introduced in eLAA in the sense that transmission resources and parameters are signaled to the UE before a DCI signal triggers the UL transmission. However, a key difference is that the UE is pre-configured with the transmission resources and parameters through a configured grant using higher layer signaling such as RRC.  Beside the increased flexibility in coping with UL traffic variations and LBT failures at the UE side as shown in Fig. 2, such a common alignment signal allows the configured-grant UEs to either transmit immediately or use one shot CAT2 LBT by sharing the gNB-acquired MCOT, e.g., in a B-IFDMA manner.

[image: ]
Fig. 2 Using a DL group common alignment signal, gNB can trigger the uplink transmission based on configured grant from one or more UEs to improve resource utilization and reduce latency
 
Proposal 5: Resource configuration for uplink transmission with configured grant should avoid latency and resource waste due to LBT failure. The following mechanisms should be studied:
· Alignment of transmission start time of multiple UEs configured with the same time-domain resources and either same or orthogonal frequency interlaces on a given unlicensed channel 
· Multiple transmission occasions within the configured periodicity
· gNB-triggered uplink transmission with configured grant using GC Alignment Signal

HARQ Enhancements
The HARQ processes for NR transmission with configured grant are said to be ‘asynchronous’ given the flexibility of configuration of time-domain resources and number of NACK-less repetitions. However, in both types of transmission with configured grant, gNB and UE employ a one-to-one mapping between the configured time resources (OS index and periodicity) and the HARQ process ID given the pre-configured total number of supported HARQ processes. As such, there is a residual level of synchronous HARQ operation that at least precludes flexible utilization of configured resources for the transmission/re-transmission of HARQ processes different from the designated ones. 
Also, in the absence of a PHICH-like channel in NR, there is no explicit HARQ-ACK feedback; it is rather provided implicitly using the NDI field in a DCI format that explicitly indicate the UL HARQ process ID.  That also means that HARQ re-transmissions for an HARQ process used for uplink transmission with configured grant are not possible without a dynamic scheduling grant in NR.
Therefore, in the following we consider some possible enhancements with respect to the HARQ design in NR to commensurate the operations in unlicensed spectrum.
 
HARQ Retransmission 
Since HARQ re-transmissions for an HARQ process used for uplink transmission with configured grant are not possible in NR without a dynamic scheduling grant, resource configuration with the number of repetitions K>1 has been beneficial to improve the reliability of the first HARQ transmission through soft combining of repetitions prepared according to the pre-configured RV sequence. For applications with stringent reliability and/or latency requirements such as URLLC, such a design reduces the likelihood of decoding failure, and thus, the need for HARQ retransmission. However, in NR-U, LBT failure or a strong interfering transmission from a hidden node may block or corrupt the UE’s transmission on the whole resource configured for the K repetitions, respectively. As such, we observe that HARQ retransmissions, preferably on the configured grant resources, are more vital to the operations in NR-U and should be supported. 

Proposal 6: HARQ retransmissions on the configured grant resources should be supported in NR-U.
  
HARQ ID determination
In NR transmission with configured grant, the HARQ process ID is determined based on the time-resource index, configured periodicity and the number of HARQ processes.
For transmissions with configured grant in NR-U (including initial transmission, CG repetitions, and retransmissions), a more flexible mapping mechanism is needed between the HARQ ID and the set of configured grant resources used for the transmission of the associated TB. This in fact allows for a more flexible utilization of the configured grant resources, and furthermore, supports multiple resource configurations per UE as discussed earlier in Section 2.1.1. 
Alternatively, in LTE-AUL, the UE transmits its selected HARQ process ID in a UCI that is multiplexed with the PUSCH. But in this case, the HARQ process ID needs to be encoded and decoded separately before the data to enable the soft combining of the packet at the gNB. This however implies less reliability of the UCI compared to a dedicated physical control channel, especially with collisions among transmissions with configured grant or interference from hidden nodes.  
  
Proposal 7: Study HARQ ID determination procedures for uplink transmission with configured grant in NR-U.

HARQ feedback indication
In the absence of a PHICH-like channel in NR, the HARQ-ACK feedback is provided using the NDI field in a DCI format that explicitly indicate the UL HARQ process ID.  To overcome the uncertainty of HARQ timing in the unlicensed spectrum LTE-AUL uses a bitmap to indicate the ACK status of all the HARQ processes in a UE-specific DCI (AUL-DFI). 
However, savings in signaling overhead and UE energy consumption can be achieved when group common signaling is employed for ACK/NACK feedback. For instance, the gNB can provide pending HARQ feedback for one or more PUSCH transmitted with configured grant within previous UL bursts in a GC-DCI using a group RNTI. Optionally, for transmission of such PDCCH, the gNB can share the UE-acquired MCOT as discussed in following section. Further benefit can be attained if some transmission adaptation parameters are included in the HARQ feedback GC-DCI, as discussed in Section 2.4. 

Proposal 8: Study HARQ-ACK feedback in GC-DCI for transmission with configured grant in NR-U.

MCOT Sharing and LBT Requirements
Typically, a transmission with configured grant based on either Type 1 or Type 2 would require the UE to perform CAT4 LBT before the pre-configured time-domain resources based on the priority class of the traffic. That applies as well to the case when multiple occasions are employed as discussed in Section 2.1.1, wherein the UE proceeds with the CAT4 LBT towards the following transmission occasion if a previous occasion has been missed due to LBT failure.
However, when the gNB transmits a DL Alignment signal to trigger a transmission from one or more UEs based on the configured grant, only the gNB is required to perform CAT4 LBT. Whereas, the UEs with data to transmit can share the gNB-acquired MCOT and either access the channel immediately using CAT2 LBT, if the PUSCH transmission can start after gap that is less than 16 μsec, or using CAT2 LBT otherwise. In such case, the UEs transmitting in response to the DL Alignment signal limit their COT by the gNB-acquired MCOT.
As discussed in the previous section, the gNB can provide HARQ feedback for one or more PUSCH transmitted with CG within the UE-acquired MCOT in either a GC-DCI or frequency multiplexed UE-specific DCIs.
 
Proposal 9: MCOT sharing is supported for transmission with configured grant in NR-U:
· gNB sharing UE-acquired MCOT for transmission of HARQ-ACK and/or PDSCH to that UE
· UE sharing gNB-acquired MCOT when a gNB-triggered transmission with CG is employed
Transmission Adaptation
In NR, gNB may only update the transmission parameters using re-activation DCI for type 2 whereas only RRC re-configuration can be used in case of Type 1. In order to cope with the interference uncertainties, e.g., from hidden nodes, faster adaptation of the pre-configured transmission parameters is beneficial. This in fact can be achieved in either a UE-directed manner or a gNB-directed manner. 
UE-directed: Using this transmission adaptation mechanism, the UE spontaneously updates its configured-grant transmission parameters such as MCS, RI and PMI, and indicates the changes to the gNB within the uplink burst. Two possible indication techniques can be considered: 
· Using a pre-configured pool of pilot signals to indicate the change, e.g., DMRS and cyclic shifts
· Introducing a new UCI format that can be multiplexed with PUSCH to indicate the UE updated transmission parameters. Note that although a new AUL-UCI has been introduced in FeLAA, its contents are limited to HARQ parameters. 
gNB-directed: Using that transmission adaptation mechanism enables the gNB to update the configured grant transmission parameters, e.g., based on received signal quality such as SINR or BLER, and indicate the new parameters in a DCI format as follows:
· Using GC-DCI which reduces the signalling overhead and allows for combine the updated parameters with other DL control information such as HARQ-ACK feedback. In addition, TPC commands can be transmitted to allow for closed-loop power control for which a DCI format similar to LTE Format 3 needs to be adopted.
· Using UE-specific DCI which is similar to the AUL-DFI introduced in FeLAA to carry the HARQ feedback as well as TPMI.
Proposal 10: Study transmission adaptation mechanisms for uplink transmission with configured grant in NR-U.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the uplink transmission with configured grant in NR-U and the changes required with respect to NR in aspects such as time-frequency resource configuration, HARQ enhancements, MCOT sharing and LBT mechanism as well as transmission adaptation. The following proposals and observations were made:

Observation 1: An NR-U mechanism for transmission with configured grant based on NR Type 1 would be less susceptible to blocking of configuration signalling in the unlicensed spectrum and would incur less complexity and energy consumption compared to a Type 2-based mechanism.

Proposal 1: Mechanisms for uplink transmission with configured grant in NR-U based on NR type 1 or type 2 should be supported in NR-U.

Proposal 2: For the uplink transmission with configured grant in NR-U, configuration of frequency-domain resources includes one or more frequency interlaces.

Proposal 3: Multiple resource configurations per UE should be supported for uplink transmission with configured grant in NR-U.

Proposal 4: UE identification using distinguishable configured resources such as DMRS should be supported for transmission with configured grant in NR-U

Proposal 5: Resource configuration for uplink transmission with configured grant should avoid latency and resource waste due to LBT failure. The following mechanisms should be studied:
· Alignment of transmission start time of multiple UEs configured with the same time-domain resources and either same or orthogonal frequency interlaces on a given unlicensed channel 
· Multiple transmission occasions within the configured periodicity
· gNB-triggered uplink transmission with configured grant using GC Alignment Signal

Proposal 6: HARQ retransmissions on the configured grant resources should be supported in NR-U.

Proposal 7: Study HARQ ID determination procedures for uplink transmission with configured grant in NR-U.

Proposal 8: Study HARQ-ACK feedback in GC-DCI for transmission with configured grant in NR-U.

Proposal 9: MCOT sharing is supported for transmission with configured grant in NR-U:
· gNB sharing UE-acquired MCOT for transmission of HARQ-ACK and/or PDSCH to that UE
· UE sharing gNB-acquired MCOT when a gNB-triggered transmission with CG is employed

Proposal 10: Study transmission adaptation mechanisms for uplink transmission with configured grant in NR-U.
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