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1 Introduction

In RAN#82, a new work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2].  Modifications to the random access request procedure in unlicensed spectrum due to the effect of LBT is part of the NR-U work item objectives [1]:
- 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1) 
Enhancements for NR-U studied in the SI phase were captured in TR 38.889 and are summarized in Appendix A. This contribution discusses aspects of the NR random access procedure in unlicensed spectrum.
2 Impact of LBT on RA Procedure
2.1 LBT Impact on the RA Counters

During the SI phase, RAN1 has made the following recommendation for incrementing the RA preamble transmission counter [2]:

“For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented.”

RAN1 made the following recommendation, bearing in mind that the duration of channel occupancy cannot be deterministic. When the channel becomes available after a period of unavailability, if the counter is incremented regardless of the LBT outcome, the UE may be in a situation where there is a limited number of preamble transmissions attempts with power ramping before reaching preambleTransMax. In the worst-case scenario, the channel could be busy for a duration for a period corresponding to (preambleTransMax-1) preamble transmissions, which allows for no preamble retransmissions once the channel becomes available. In other words, in order to allow the UE a deterministic number of preamble transmission attempts with power ramping (corresponding to preambleTransMax), the UE should not increment the preamble transmission counter when LBT fails for a preamble transmission.

Proposal 1: 
From a UE behavioural perspective, PREAMBLE_TRANSMISSION_COUNTER is not incremented when the preamble is not transmitted due to LBT failure.
In terms of how to implement this in MAC specifications, given:

· PREAMBLE_TRANSMISSION_ COUNTER is only incremented when ra-ResponseWindow timer expires without successful reception of RAR [3]; and,
· It is agreed that ra-ResponseWindow window is only started when a preamble is transmitted after successful LBT.

No changes are required in MAC other than not starting ra-ResponseWindow when LBT fails (e.g. when an indication of LBT failure for a preamble transmission attempt is received from the physical layer). 

the UE should not increment the preamble transmission counter when LBT fails for a preamble transmission.

Observation 1: 
In TS 38.321, PREAMBLE_TRANSMISSION_ COUNTER is only incremented when ra-ResponseWindow expires without successful reception of RAR.
Observation 2: 
To implement the behaviour in Proposal 1, no changes in MAC specifications are required other than not starting ra-ResponseWindow when an indication of LBT failure is received from PHY.
A consequence of proposal 1 is this may cause the preamble transmission counter to never reach the maximum configured value in conditions where the channel is persistently occupied. Therefore, it is beneficial to consider an additional mechanism to determine to that the RA procedure has been unsuccessful due to systematic uplink LBT failure. This mechanism may be generally applicable to other uplink transmissions for determining a radio link problem, as explained in our companion contribution [4]. 
2.2 LBT Impact on RA procedure
RAN1 agreed that LBT can be performed in units of 20 MHz, at least in subbands shared with WiFi. When the NR-U carrier is composed of multiple subbands, it can be beneficial to perform multiple LBT attempts on different subbands prior to msg 1 transmission. After performing LBT on multiple subbands, the UE selects a subband on which LBT was successful to perform a single msg 1 transmission. Upon selecting a certain subband for preamble transmission, the UE may further abort LBT procedures on subbands not selected for preamble transmission. This reduces the delay associated with transmitting msg 1, which can be significant if different subbands experience various channel occupancy conditions. 
Proposal 2: 
The UE supports performing multiple independent LBTs on different subbands within a single BWP prior to Msg 1 transmission.
Proposal 3: 
Upon a successful LBT, the UE may transmit a single preamble on the subband on which LBT was successful.

Similarly, multiple opportunities for Msg3 are beneficial to combat the LBT effect, as agreed in the study item phase. Depending on progress in RAN1, additional opportunities may be in time or frequency domains. For, additional opportunities in the time domain, RAN1 is currently discussing the design aspects of multi-TTI scheduling. For additional opportunities in the frequency domain, the RAR can be enhanced to provide more than one grant, e.g. on different subbands, with each potentially requiring an independent LBT attempt.

Proposal 4: 
RAR format is enhanced to indicate additional opportunities for Msg3 transmission.
3 Conclusion
This contribution discussed enhancements to support the random access procedure in the NR unlicensed spectrum. The following observations and proposals are made:
Proposal 1: 
From a UE behavioural perspective, PREAMBLE_TRANSMISSION_COUNTER is not incremented when the preamble is not transmitted due to LBT failure.
Observation 1: 
In TS 38.321, PREAMBLE_TRANSMISSION_ COUNTER is only incremented when ra-ResponseWindow expires without successful reception of RAR.
Observation 2: 
To implement the behaviour in Proposal 1, no changes in MAC specifications are required other than not starting ra-ResponseWindow when an indication of LBT failure is received from PHY.
Proposal 2: 
The UE supports performing multiple independent LBTs on different subbands within a single BWP prior to Msg 1 transmission.

Proposal 3: 
Upon a successful LBT, the UE may transmit a single preamble on the subband on which LBT was successful.

Proposal 4: 
RAR format is enhanced to indicate additional opportunities for Msg3 transmission.
4 References

[1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm.

[2] TR 38.889 v 16.0.0, “Study on NR-based access to unlicensed spectrum (Release 16)”
[3] 3GPP TS 38.321 V15.3.0, “NR; Medium Access Control (MAC) protocol specification (Release 15)”

[4] R2-1903550, “RLM and RLF in NR-U”, InterDigital
5 Appendix A: RACH enhancements in TR 38.889
Initial access and mobility

For initial access and mobility procedures, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signals and channels due to LBT failure. 

The following modifications to initial access procedures have been identified as beneficial:

-
Modifications to initial access procedures considering limitations on access to the channel based on LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure.

-
Enhancement to 4-step RACH, including developing mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure. 

It is also identified that a 2-step RACH procedure potentially has benefit for channel access.

For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:

-
Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

-
Time-domain enhancements:

-
For connected mode UE, scheduling of PRACH resources via DCI. 

-
Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI

-
For idle mode UE, scheduling of PRACH resources via paging

-
Note: potential inefficiency in network resource due to paging across multiple cells

-
Additional, new RACH resources are used immediately following detection of DRS transmission

-
Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

-
Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

-
Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented.

For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to improve robustness to DL LBT failure for RAR transmission. Other candidate mechanisms that were identified without reaching consensus include preconfigured/pre-indicated/scheduled multiple opportunities in time and/or frequency domain in different LBT subbands for message 2/3/4 transmissions and/or reducing the latency of the RACH procedure and can be considered further when specifications are to be developed.

L2 impacts

RACH (4-step)

Both 4-step and 2-step RACH will be supported for NR-U. Here 2-step RACH refers to the procedure which can complete contention-based RACH (CBRA) in two steps as explained below. One additional benefit of 2-step RACH is due to less LBT impact with the reduced number of messages. However, in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH.  The additional opportunities for 4-step RACH will be applicable to both msg1 and msg3.

NR-U will support contention-free RACH (CFRA) and CBRA for both 2-step and 4-step RACH. On SCells, CFRA is supported as a baseline while both CBRA and CFRA are supported on SpCells.

For 4-step RACH, the messages in time order are named as msg1, msg2, msg3, msg4 and for 2-step RACH, they are named msgA and msgB.

A single RACH procedure will be used and thus multiple RACH procedures in parallel will not be supported for NR-U. As a baseline, the random-access response to msg1 will be on SpCell and msg3 is assumed to use a predetermined HARQ ID.

In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC. In addition, ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.

It is assumed that ra-ContentionResolutionTimer may need to be extended with larger values to overcome the LBT impact.
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