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Introduction
In RAN#75, a new SI was approved to study NR access to unlicensed spectrum [1]. In the SI, it proposed to study NR LAA, LTE-NR-u DC, NR-u SA and NR-NR-u DC. One common feature that is applicable to all the deployments is the random access procedure
In this contribution, we look at the possible areas to enhance for NR unlicensed.
[bookmark: _GoBack]Discussion
Random Access procedure is initiated for the following scenarios:
· Initial access 
· UL Scheduling Request
· UL Time alignment 
· Handover 
· RRC Connection Re-establishment 
· Synchronised reconfiguration for the DC case
Initial access, UL scheduling request and RRC Connection Re-establishment are UE-initiated and contention based random access procedure is used. UL time alignment can be UE or network initiated and can either be contention based or contention-free based random access procedure. As for handover, it is triggered by the network via handover command and can be either contention based or contention-free based random access procedure.  One straight forward decision that can be made is that both contention-free and contention-based random access procedure should be supported over unlicensed serving cell as both UE initiated RACH (e.g. SR, Time alignment) and network controlled RACH (e.g. synchronised reconfiguration).
Proposal#1: Both contention-free and contention based random access procedure should be supported over unlicensed serving cell.
In the following sections, the possible areas to study is further discussed.
Msg1 transmission
Due to LBT failure at the UE, the UE may not be able to perform preamble transmission at the next PRACH opportunity. Upon skipping the transmission, the UE should maintain the TX power to prevent incurring unnecessary UL interference due to redundant power ramping for a skipped transmission. An indication has been introduced for EN-DC when parallel RACH occurs between the MCG and SCG. Further to suspension of the power ramping, the UE MAC should base on indication to retransmit the preamble transmission in the next available PRACH occasion.
Proposal#2: Introduce an indication from L1 to suspend power ramping and to trigger preamble retransmission in the next available PRACH occasion.
With UL BWP, it is possible to introduce multiple UL BWPs enabled for PRACH (re)transmission. For example the selection of the UL BWP can be based on RSSI, channel occupancy or LBT success/failure count. This may help in reducing LBT failure during PRACH transmission. RAN2 can analyse whether it is beneficial to introduce such a scheme.
Proposal#3: RAN2 can study whether it beneficial to introduce multiple UL BWPs configured for PRACH (re)transmission.
Msg2 reception
Due to transmission on unlicensed channel, the gNB may not be able to send the random access response message if LBT fails. In existing NR, the gNB can send the random access response within a maximum length of 10ms RA-window and this can have different slot configuration {1, 2, 4, 8, 10, 20, 40, 80} and the length of the RA-window depends on the slot length determined by the RAR numerology. 
In order to accommodate for the LBT failure at gNB, the window needs to be extended. If this is not done, even if the gNB receives the preamble from a UE, the UE may have to restart the random access procedure if the gNB fails to respond within the window. This may increase the RACH latency which may result in higher interruption time of handover and re-establishment, generate unnecessary UL interference because of power ramping in the subsequent preamble transmission and further UE power consumption.
Proposal#4: RAN2 should consider increasing the RAR-window to more than 10ms. The exact value is FFS.
Msg3 transmission
Due to LBT failure, the UE may not be able to use the UL grant provided in RAR to transmit the Msg3 and will have to wait for the retransmission UL grant from the network in order to transmit the Msg3. This may result in further access latency. If retransmission UL grant is not received within the macContentionResolutionTimer, the UE restart the whole RACH procedure adding to the access delay as well as unnecessary increasing of UL interference due to power ramping and further UE power consumption.
Faster Msg3 retransmission can be introduced, e.g. UE is provided with multiple grant for use in different time/slot instance. RAN2 should discuss whether faster Msg3 retransmission can be introduced.
Proposal#5: As baseline, the UE keeps the generated Msg3 in Msg3 HARQ buffer and wait for the Msg3 UL grant for the next retransmission if UE fails LBT for Msg3 (re)transmission.  
Proposal#6: RAN2 should discuss whether faster Msg3 retransmission can be introduced.
Msg4 reception
The MAC resolution timer has to be configured appropriately to take into consideration of the delay incurred by eNB LBT.
Other enhancements:
In NR, RACH differentiation is introduced which allows for 2 levels (normal vs prioritized). Currently only backoff and/or power ramping are applicable for differentiation. With NR unlicensed, channel access procedure parameters can also be introduced for RACH differentiation – LBT type (25us LBT, or CAT4 LBT) and the LBT CAT 4 priority class. For example,
For beam failure recovery, the network can configure via broadcast or dedicated signaling the LBT type and the LBT CAT 4 priority class for PRACH transmission used for the recovery.
For handover, the network can configure via broadcast or dedicated signaling the LBT type and the LBT CAT 4 priority class for PRACH transmission used for the handover
Proposal#7: Introduce channel access procedure parameters to RACH differentiation (LBT type and LBT CAT4 priority class). 
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposals:
Proposal#1: Both contention-free and contention based random access procedure should be supported over unlicensed serving cell.
Proposal#2: Introduce an indication from L1 to suspend power ramping and to trigger preamble retransmission in the next available PRACH occasion.
Proposal#3: RAN2 can study whether it beneficial to introduce multiple UL BWPs configured for PRACH (re)transmission.
Proposal#4: RAN2 should consider increasing the RAR-window to more than 10ms. The exact value is FFS.
Proposal#5: As baseline, the UE keeps the generated Msg3 in Msg3 HARQ buffer and wait for the Msg3 UL grant for the next retransmission if UE fails LBT for Msg3 (re)transmission.  
Proposal#6: RAN2 should discuss whether faster Msg3 retransmission can be introduced.
Proposal#7: Introduce channel access procedure parameters to RACH differentiation (LBT type and LBT CAT4 priority class). 
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