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1.	Introduction
At RAN2 AH#1807, the following agreements were made:
Agreements@ RAN2 AH#1807
R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)
The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.
Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.
Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

In this contribution, we’d like to discuss several solutions to enhance the 4-step CBRA procedure in NR-U, and suggest that RAN2 study solutions to enhance the transmission opportunities of a UE within a single RACH procedure.
[bookmark: _Toc476230925]2.	Discussion
At the last meeting, we agreed to study the enhanced 4-step RACH procedure to overcome the reduced transmission opportunities due to LBT failure. From the RAN2 point of view, since MAC doesn’t know the success/fail of LBT performed in lower layer, if the LBT fails for one of the steps in a RACH procedure, the RACH procedure may fail. The simplest solution is that the network provides more transmission opportunities to the UEs in advance. For this reason, up to Rel-15, the special method for UL resource allocation, i.e., AUL, 2-step UL grant or dynamic UL grant allocating consecutive multiple resources, was introduced for UEs in unlicensed band.
Observation 1. For UEs in unlicensed band, it is beneficial to provide more transmission opportunities in advance considering LBT failures.
Similar to these techniques, in order to enhance the transmission opportunities in a RACH procedure, we can simply consider that a UE performs multiple RACH procedures in parallel. As described in the Figure 1 or 2, the UE performs multiple RACH procedures in parallel on the different frequency or time domains. The UE transmits one or more RA preambles by using multiple PRACH occasions on the different frequency or time resources. Depending on the results of LBT for each step, the UE separately performs one or more RACH procedures based on the transmitted preambles. If LBT fails for one of the steps in a RACH procedure, the RACH procedure fails and the UE would retry the RACH procedure until the preamble transmission counter reaches to the maximum value. It is obvious that the multiple RACH procedures provide more transmission opportunities for the RACH procedure of a UE, but it can lead high resource waste because the UE would continuously perform the triggered RACH procedure irrespective of the success of another RACH procedure. Moreover, this might result to increase the congestion level of the unlicensed band. 
Observation 2. In order to enhance the transmission opportunities in the RACH procedure, RAN2 can consider that a UE performs multiple RACH procedures in parallel, but it would result in high resource waste.


Figure 1. Multiple RACH procedures on different frequency domains


Figure 2. Multiple RACH procedures on different time domains
Alternately, we can consider another solution to enhance the transmission opportunities within a single RACH procedure. As shown in the Figure 3 or 4, a UE selects multiple PRACH occasions but it transmits only one preamble for the PRACH occasion in which LBT succeeds. If the UE selects multiple PRACH occasions on the different frequency regions in the same time, the UE might transmit the preamble by selecting one of PRACH occasions indicating a LBT success. Or, if the UE selects multiple PRACH occasions on the different time regions, the UE might transmit the preamble for the first PRACH occasion indicating a LBT success. Either way, the UEs performs only one RACH procedure in a time. Indeed, the downlink messages, e.g., MSG2, MSG4, may be transmitted by the network whenever LBT is successful while the RAR window or CR timer is running, but the uplink message, e.g., MSG3, can be transmitted by the UE only when LBT for the allocated resource is successful. That is, the delay for the DL data is affected by the size of the RAR window or CR timer, but the UL data is affected by the transmission opportunity for UL resources allocated to the UE. In order to enhance the transmission opportunities of MSG3, the network might allocate multiple UL grants in a MSG2, but this may require the change of the current RAR format. 
Observation 3. In order to enhance the transmission opportunities of a MSG3 within a single RACH procedure, RAN2 can consider the multiple UL grants in a MSG2, but it may require the change of the current RAR format.


Figure 3. Single RACH procedure with multiple LBTs on different frequency domain


Figure 4. Single RACH procedure with multiple LBTs on different time domain
In order to provide more transmission opportunities within a single RACH procedure as well as to keep the RAR format of the current RACH procedure, we can also consider a solution that the UE transmits multiple RA preambles within a RACH procedure. As shown in the Figure 5, a UE transmits multiple preambles on all PRACH occasions in which LBT succeeds and monitors multiple MSG2s for transmitted preambles within a single RA procedure. If the UE receives multiple MSG2s, the UE may transmit a MSG3 only on the first available UL grant where the LBT succeeds. And then, the UE monitors the PDCCH for a MSG4. 
Observation 4. In order to provide more transmission opportunities of both MSG1 and MSG3 within a single RACH procedure, RAN2 can consider a solution that the UE transmits multiple RA preambles and receives multiple RARs within a single RA procedure.


Figure 5. Single RACH procedure with multiple preamble transmissions
According to the above discussions, we think that solutions to enhance the transmission opportunities within a single RACH procedure are more efficient for resource utilization. In addition, since it is desirable to receive only one MSG4 for one RACH procedure in the UE, we suggest that RAN2 study various solutions to enhance the transmission opportunities within a single RACH procedure.
Proposal 1. Study solutions to enhance the transmission opportunities of a UE within a single RACH procedure.
More specifically, we may need to consider the extension of the ra-ResponseWindow and ra-ContentionResolutionTimer to the value larger than the current size because the network can experience the delay for DL data transmission due to the LBT failures. And, we can discuss to whether the UE increments PREAMBLE_TRANSMISSION_COUNTER or PREAMBLE_POWER_RAMPING_COUNTER by 1 only when all MSG2s for multiple preambles are not received.
Proposal 2. Discuss the impacts on the following RACH parameters when allowing more transmission opportunities of a UE within a single RA procedure.
· PREAMBLE_TRANSMISSION_COUNTER
· PREAMBLE_POWER_RAMPING_COUNTER
· ra-ResponseWindow
· ra-ContentionResolutionTimer
3.	Conclusion
In this contribution, we’d like to discuss several solutions to enhance the 4-step CBRA procedure, and our observations and proposals are as follows.
Observation 1. For UEs in unlicensed band, it is beneficial to provide more transmission opportunities in advance considering LBT failures.
Observation 2. In order to enhance the transmission opportunities in the RACH procedure, RAN2 can consider that a UE performs multiple RACH procedures in parallel, but it would result in high resource waste.
Observation 3. To enhance the transmission opportunities of a MSG3 within a single RACH procedure, RAN2 can consider the multiple UL grants in a MSG2, but it requires the change of the current RAR format.
Observation 4. In order to provide more transmission opportunities of both MSG1 and MSG3 within a single RACH procedure as well as to keep the current RAR format, RAN2 can consider a solution that the UE transmits multiple RA preambles and receives multiple RARs within a single RA procedure.
Proposal 1. Study solutions to enhance the transmission opportunities of a UE within a single RACH procedure.
Proposal 2. Discuss the impacts on the following RACH parameters when allowing more transmission opportunities of a UE within a single RA procedure.
· PREAMBLE_TRANSMISSION_COUNTER
· PREAMBLE_POWER_RAMPING_COUNTER
· ra-ResponseWindow
· ra-ContentionResolutionTimer
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