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1 Introduction

Random access for an NR-U cell is needed in NR-U standalone mode, as well as in the LTE-NR deployment scenario. RAN2 agreed to support CBRA and CFRA in NR-U cells, and study necessary changes. RAN1 further agreed to study mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure. RAN1 and RAN2 have also agreed to study 2-step random access for NR-U. Relevant RAN1 and RAN2 agreements are discussed in Appendices A, B, and C. This contribution discusses some necessary enhancements to support random access in unlicensed spectrum. 
2 Impact of LBT on CBRA
2.1 Preamble transmission with relaxed LBT

Given LBT is required prior to any transmission in unlicensed spectrum, time needed to complete a contention based random access procedure can be significantly increased if LBT is required prior to any msg transmission.
In NR licensed, multiple UEs can transmit preambles without collision on the same PRACH occasion, provided they select different preambles or different PRACH resources in the frequency domain. In the context of unlicensed spectrum, a single preamble transmission from one UE may block other UEs from acquiring the channel due to LBT. Even if the single UE transmits an interlaced PRACH signal, the whole channel will appear occupied to other listeners. LBT thus has a significant impact on the RACH capacity and the latency of the RA procedure.
Observation 1: 
A single UE transmitting PRACH can block other UEs from transmitting other preambles on the same PRACH resource, if an LBT is required for Msg 1.
Mechanisms to maintain RACH capacity while respecting the LBT requirement in unlicensed spectrum should be considered. Given UEs are not uplink synchronized prior to random access, it is not possible to synchronize LBT procedures for all UEs before transmission of Msg 1. Instead, the gNB may listen on the applicable UL carrier then poll UEs after the gNB performs LBT. The UEs in the cell may then transmit a preamble without LBT or with a certain high priority LBT configuration in the PRACH occasion after receiving the PRACH polling indication from the gNB.
Proposal 1: 
The UE is allowed to transmit Msg 1 without LBT or with short LBT after being polled by the gNB.

2.2 Preamble transmission with LBT

When the PRACH channel is busy for an extended duration, there is a higher probability of collision on RACH when the channel becomes available again, given a large number of UEs may need to perform random access simultaneously.
Observation 2: 
At high channel occupancy conditions, multiple UEs may attempt to transmit Msg 1 simultaneously as soon as the channel becomes available.
If LBT is required prior to a preamble transmission, the first UE to acquire the channel may block other UEs in RF proximity from transmitting msg 1 when LBT procedures are not UL synchronized. To avoid multiple UEs attempting to transmit msg 1 simultaneously, each UE can apply a short random backoff once the channel becomes available. The backoff value selected by the UE is randomly chosen between 0 and a configured value. Such backoff statistically spreads access opportunities to the PRACH channel once it becomes available.
Proposal 2: 
After a failed LBT for Msg 1 transmission on a given subband, the UE applies a short random backoff once the channel becomes available.
RAN1 agreed that LBT can be performed in units of 20 MHz, at least in bands 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. This reduces the delay associated with transmitting msg 1, which can be significant if different subbands experience various channel occupancy conditions.
Proposal 3: 
The UE supports performing multiple LBTs on different subbands prior to Msg 1 transmission.
3 Two-Step Random Access

Given any preamble, RAR, msg3, or msg4 transmission is subject to LBT, a 4-step random access procedure may require four independent LBT procedures prior to the respective transmission, without considering retransmissions. Therefore, applying the 4-step RACH procedure to NR-U cells may cause unnecessary delays. Instead, a two-step RA procedure requires only two LBTs and is thus preferable from a latency perspective.

Proposal 4: 
The UE performs random access in two steps in NR-U spectrum.

Depending on RAN1’s preamble design for NR-U, Msg 1 is likely to be subjected to the OCB requirement, possibly on a certain subset of the carrier’s bandwidth. Since the preamble transmission itself may not need the total amount of bandwidth required to satisfy the OCB requirement, the UE may leverage the remaining bandwidth to include a data payload part of Msg 1. The UE may include useful information that is typically carried in Msg 3, or any other information that is implied by PRACH resource or preamble selection in a typical NR random access procedure. For example, the Msg 1 data payload may include a UE identity, an SSB identity, a BSR, or an indication of an UL resource type.

Proposal 5: 
NR-U supports inclusion of a data payload in Msg 1 of a 2-step random access procedure.
4 Random Access Procedure

Given LBT is performed at the physical layer, MAC is not aware of the LBT outcome and whether the UE managed to acquire the channel for a preamble transmission or not. MAC typically starts ra-ResponseWindow after instructing the physical layer to transmit the preamble [2]. To avoid unnecessary PDCCH monitoring and to avoid incrementing the preamble transmission counter when no preamble was actually transmitted, the MAC should start ra-ResponseWindow only once PHY indicates to MAC that the preamble was transmitted and LBT was successful.
Observation 3: 
MAC is not aware of the LBT outcome for a given preamble transmission attempt.

Proposal 6: 
MAC starts ra-ResponseWindow only once PHY indicates to MAC that the preamble was transmitted and LBT was successful.
In NR-licensed, the UE does not increment its power ramping counter if it changes the UL channel when retransmitting the preamble. For example, if the UE changes its UL transmit beam, the power ramping counter is not incremented. Similar behaviour should be followed in NR-U; if the UE selects a different UL channel for a retransmission, it should not increment the power ramping counter.
5 Conclusion
This contribution discussed enhancements to support the random access procedure in the NR unlicensed spectrum. The following observations and proposals are made:
Observation 1: 
A single UE transmitting PRACH can block other UEs from transmitting other preambles on the same PRACH occasion, if an LBT is required for Msg 1.
Proposal 1: 
The UE is allowed to transmit Msg 1 without LBT or with short LBT after being polled by the gNB.

Observation 2: 
At high channel occupancy conditions, multiple UEs may attempt to transmit Msg 1 simultaneously as soon as the channel becomes available.
Proposal 2: 
After a failed LBT for Msg 1 transmission on a given subband, the UE applies a short random backoff once the channel becomes available.
Proposal 3: 
The UE supports performing multiple LBTs on different subbands prior to Msg 1 transmission.
Proposal 4: 
The UE performs random access in two steps in NR-U spectrum.

Proposal 5: 
NR-U supports inclusion of a data payload in Msg 1 of a 2-step random access procedure.

Observation 3: 
MAC is not aware of the LBT outcome for a given preamble transmission attempt.

Proposal 6: 
MAC starts ra-ResponseWindow only once PHY indicates to MAC that the preamble was transmitted and LBT was successful.
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Appendix A: Agreements on RA procedure for NR-U

RAN1 Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access

RAN2 Agreements
1:
Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

2:
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress

3: 
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
Appendix B: Agreements on PRACH design for NR-U

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that interlaced based PRACH can be beneficial. 

· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

· Interlacing based on PRB or REs

· Targeted cell sizes

· Targeted PRACH capacity

· Targeted false alarm and detection rates

· Targeted timing estimation accuracy

· Number of formats

· Multiplexing with other channels such as block interlaced PUCCH and PUSCH
Appendix C: Agreements on LBT for NR-U

Agreement:
· 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

Agreement:
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
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