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1 Introduction
Since the SI for NR based access to unlicensed spectrum was approved in RAN#77 [1], the following agreements have been reached [2] [3]:
RAN2#102
· The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.
· NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.
· Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
· We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U.
RAN2#AH1807
· 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 discuss the problems associated with the RACH procedure in shared spectrum. We then proceed to look at ways the NR licensed design can be enhanced to improve RACH performance.
2 Discussion
2.1 Channel access for preamble transmissions in NR-U
In NR licensed, the UE detects the initial BWP from system information. The initial BWP is used by an Idle/Inactive mode UE for initial access. Once connected, the active BWP can be switched by RRC configuration, by the BWP inactivity timer, or by DCI from the network. When performing the RA procedure, the UE uses the PRACH occasions configured for the current BWP.
In NR-U, the RA procedure would be impacted by LBT. If LBT fails for a RA preamble transmission, the UE has to wait for the next PRACH occasion to reattempt the preamble transmission. This introduces a delay to the RA process.
Observation 1: LBT can introduce delays for RA preamble transmissions in NR-U.
To reduce the impact of LBT on the RA procedure, multiple RACH configurations could be defined on different channels (frequency or BWPs) in the unlicensed spectrum, providing the UE with more opportunities to transmit the RA preamble. The UE could select one of these channels to transmit the preamble. 
The selection of the channel for the preamble transmission could be based on channel occupancy measurements, past record of LBT success/failure rate, or other metrics that would allow the UE to determine that the probability of successful preamble transmission is higher.
For example, the UE could only consider channels above certain measurement thresholds to be eligible for potential preamble transmission. The UE then selects the first channel to transmit the preamble by ranking the channels in increasing order of channel occupancy or LBT failure rate, or choose the one with the nearest PRACH occasion in time, or the selection could be left to the UE implementation. The exact metrics (e.g. channel occupancy or LBT success rate) that the UE will apply for the selection process should be discussed in RAN2 and may also require RAN1 input.
Proposal 1: If multiple RACH configurations are available on different channels (frequencies or BWPs), the UE may select the channel to transmit the RA preamble, for example based on channel occupancy or LBT success rate. The exact metrics to be used by the UE in the selection process should be discussed in RAN2 and may need RAN1 input.
If LBT is not successful (the RA preamble has not been transmitted), the UE selects the next channel for the preamble retransmission. The UE could reattempt preamble transmission until all eligible channels are exhausted at which point the RA procedure is considered unsuccessful.
Proposal 2: If the LBT fails for the RA preamble transmission, the UE may reattempt the preamble transmission on a different channel (frequency or BWP).
The network could configure the PRACH occasions on different channels such that they do not overlap in time. This can help to reduce the time between preamble transmission attempts that are triggered due to LBT failures.
We also think that the network could control the selection process by defining the method and/or parameters (e.g. thresholds) that will be applied by the UE when determining which channel to initially transmit or reattempt the RA preamble. The details of if and how the network control is supported can be further discussed by RAN2.
Proposal 3: The network could control the channel selection process by defining the method and/or parameters (e.g. thresholds) that the UE will apply when determining which channel to initially transmit or reattempt the RA preamble. The details can be discussed further by RAN2.
2.2 UE based backoff for NR-U
Currently in NR licensed, a backoff time can be applied for subsequent preamble transmissions for CBRA. The backoff can only be initiated by the network, by including a MAC subPDU with backoff indicator (BI) in the random access response (RAR) message. The UE selects a backoff time randomly between 0 and PREAMBLE_BACKOFF [4].
If the RA procedure has been initiated for beam failure recovery (BFR) or handover, the PREAMBLE_BACKOFF, therefore the backoff time, can optionally be scaled down by a scalingFactorBI parameter. This enables the UE to reattempt the RA preamble transmissions earlier for high priority procedures (BFR and handover) than other procedures (e.g. initial access), reducing the latency for the RA procedure in high priority cases.
For NR-U, the backoff time can be impacted by channel occupancy. For example, if the channel occupancy is high, it is possible that many UEs are attempting random access, therefore the mean backoff time for UEs should be extended, by increasing the value of PREAMBLE_BACKOFF. When the channel occupancy is low, it should be reduced.
Proposal 4: In NR-U, the mean backoff time for random access for UEs should be adjusted based on channel conditions.
The backoff mechanism should also be more dynamic. The initial backoff time should be extended after a number of preamble transmissions. This can avoid overloading the RACH resources in a high load scenario.
Proposal 5: A more dynamic backoff scheme should be applied for NR-U, where the backoff time gradually increases after a number of RA preamble transmission attempts.
As noted above, the RA backoff in NR licensed can only be triggered by the network. However this mechanism could have some disadvantages in NR-U:
· Before the network could indicate to UEs to apply backoff, first it has to detect that several UEs are transmitting. This introduces a delay before the backoff can be applied by the UEs.
· Transmission of RAR from the network could be delayed due to LBT. In the meantime, the UEs could continue preamble transmission attempts, loading the channel even more.
· The channel occupancy measured by the network could be different from the one measured by the UE, because of the hidden node effect. Note that for UE transmissions the measurements taken by the UE are more relevant because the LBT will be performed by the UE.
· It is not possible for the network to adapt backoff behaviour dynamically for each UE, because the BI applies to all UEs receiving the RAR.
Observation 2: Relying on network triggered backoff could be inefficient for NR-U.
We therefore propose that a UE based backoff should be supported for NR-U. This could support the mechanisms discussed above, adjusting backoff time based on channel conditions and gradually increasing backoff time after a number of attempts.
Proposal 6: UE based backoff mechanism should be supported in NR-U.
2.3 Impact on other RACH parameters
During the RA procedure, the UE applies two timers while waiting for network response [4]:
· ra-ResponseWindow when the UE is waiting for msg2
· ra-ContentionResolutionTimer when the UE is waiting for contention resolution (msg4)
In NR-U, both of those windows are impacted by the success rate of LBT and therefore the current channel occupancy conditions. If the channel is busy, they should be extended to give the network a better chance of transmission of msg2/msg4.
Observation 3: ra-ResponseWindow and ra-ContentionResolutionTimer should be extended if the channel occupancy is high.
Currently in NR licensed, these parameters are configured by the network via RRC signalling, typically in SI. However, updating those parameters by SI for changing channel conditions can be difficult for the network, due to the relatively infrequent transmission of the SI and the potential delays because of LBT impact. One option for the network is to set the parameters for the worst case conditions, i.e. high channel occupancy. However this may delay the RA procedure unnecessarily in good channel conditions and could be inefficient.
We also note that the maximum value of ra-ResponseWindow has an impact on the RA-RNTI calculation, as each PRACH occasion within the ra-ResponseWindow should produce to a distinct RA-RNTI result. If the ra-ResponseWindow is extended, the RA-RNTI calculation should be updated to make sure that it produces more RA-RNTI results.
Observation 4: If the range for ra-ResponseWindow is extended, the RA-RNTI calculation might need to be updated.
Also, it is important that the UE and the network agree on the ra-ResponseWindow value applicable for the specific preamble transmission. The network should know the latest point that it is allowed to transmit the msg2 for a particular msg1, and the UE should know when it is allowed to assume that the previous preamble transmission has failed and reattempt the msg1 transmission.
As a possible solution, different values of ra-ResponseWindow could be mapped to different preamble groups. Based on the channel occupancy, the UE could decide on the ra-ResponseWindow value that will be applied for the current preamble transmission, and indicate it to the network by selecting the preamble from the appropriate group.
The applicable ra-ContentionResolutionTimer value could also be associated with the same preamble group as ra-ResponseWindow, or  selected separately by the UE and indicated in msg3, for example in a MAC CE.
Proposal 7: For NR-U, the values of the ra-ResponseWindow and ra-ContentionResolutionTimer should be selected by the UE based on channel conditions and indicated to the network in msg1/3.
3 Conclusion
Based on the discussions above, we have the following observations and proposals:
Observation 1: LBT can introduce delays for RA preamble transmissions in NR-U.
Proposal 1: If multiple RACH configurations are available on different channels (frequencies or BWPs), the UE may select the channel to transmit the RA preamble, for example based on channel occupancy or LBT success rate. The exact metrics to be used by the UE in the selection process should be discussed in RAN2 and may need RAN1 input.
Proposal 2: If the LBT fails for the RA preamble transmission, the UE may reattempt the preamble transmission on a different channel (frequency or BWP).
Proposal 3: The network could control the channel selection process by defining the method and/or parameters (e.g. thresholds) that the UE will apply when determining which channel to initially transmit or reattempt the RA preamble. The details can be discussed further by RAN2.
Proposal 4: In NR-U, the mean backoff time for random access for UEs should be adjusted based on channel conditions.
Proposal 5: A more dynamic backoff scheme should be applied for NR-U, where the backoff time gradually increases after a number of RA preamble transmission attempts.
Observation 2: Relying on network triggered backoff could be inefficient for NR-U.
Proposal 6: UE based backoff mechanism should be supported in NR-U.
Observation 3: ra-ResponseWindow and ra-ContentionResolutionTimer should be extended if the channel occupancy is high.
Observation 4: If the range for ra-ResponseWindow is extended, the RA-RNTI calculation might need to be updated.
Proposal 7: For NR-U, the values of the ra-ResponseWindow and ra-ContentionResolutionTimer should be selected by the UE based on channel conditions and indicated to the network in msg1/3.
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