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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. This contribution discusses aspects of the NR random access procedure in unlicensed spectrum. A text proposal to TR 38.889 is also provided in section 3.
2 Impact of LBT on CBRA Procedure
2.1 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 1: 
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 1: 
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 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 prior to 
Msg 1 transmission.
Proposal 3: 
Upon a successful LBT, the UE may transmit a single preamble on a single subband on which LBT was successful.
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 when no preamble was transmitted, MAC should start ra-ResponseWindow only once PHY indicates to MAC that a preamble was transmitted after a successful LBT. This effectively implements RAN1’s agreed recommendation to not increment the preamble transmission counter and the power ramping counter when LBT fails for a preamble transmission, as per TS 38.321, these counters are never incremented if the ra-ResponseWindow was not started or not expired.
Observation 2: 
MAC is not aware of the LBT outcome for a given preamble transmission attempt.

Proposal 4: 
MAC starts ra-ResponseWindow only once PHY indicates to MAC that the preamble was transmitted and LBT was successful.
2.2 Preamble transmission with reduced 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 transmission of each RA message.

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 3: 
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 with one-shot LBT or with a certain high priority LBT configuration after receiving a PRACH polling indication from the gNB, in a PRACH occasion located in the same COT.
Proposal 5: 
The UE can be configured to transmit Msg 1 with one-shot LBT after being polled by the gNB.
It may be possible to synchronize preamble transmissions of different cell UEs after a successful short LBT in reference to the reception time of the gNB’s polling indication, depending on the cell size. However, inter-UE blocking caused by LBT may still occur even if one-shot LBT is used, e.g. in larger cells or when inter-UE transmission synchronization is not guaranteed. Therefore, it can be beneficial to allow the UE to transmit a preamble without LBT if a successful LBT -or a CCA- was performed by the UE immediately preceding the reception of gNB polling indication. This allows different UE to leverage the PRACH resource without inter-UE blocking, while meeting required LBT regulations. 
Proposal 6: 
The UE can be configured to transmit Msg 1 without LBT after being polled by the gNB.

3 Text Proposal to TR 38.889 v 0.2.0

	3.1.1.1 7.2.2.2
L2 impacts

3.1.1.1.1 7.2.2.2.1
RACH (4-step, 2-step)

NR-U will support contention-free RACH (CFRA) and contention-based RACH (CBRA). On SCells, onlyCFRA is supported while both CBRA and CFRA are supported on SpCells.

Both 4-step and 2-step RACH will be supported for NR-U. Here 2-step RACH refers to the procedure which can complete CBRA in two steps. 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. All the RACH triggers for legacy 4-step procedure may also be applicable to 2-step procedure.

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 is assumed as a baseline while the need for multiple procedures can be investigated further. For a single RACH procedure, performing multiple independent LBTs on different subbands prior to Msg 1 transmission may be introduced to lessen the LBT impact on preamble transmissions. Upon a successful LBT, the UE may transmit a single preamble on a single subband on which LBT was successful.
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. The MAC entity starts ra-ResponseWindow and monitors the PDCCH only once the physical layer indicates to MAC that the preamble was transmitted and LBT was successful.



Proposal 7: 
Agree to the above text proposal in TR 38.889.
4 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: 
At high channel occupancy conditions, multiple UEs may attempt to transmit Msg 1 simultaneously as soon as the channel becomes available.
Proposal 1: 
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 2: 
The UE supports performing multiple independent LBTs on different subbands prior to 
Msg 1 transmission.

Proposal 3: 
Upon a successful LBT, the UE may transmit a single preamble on a single subband on which LBT was successful.
Observation 2: 
MAC is not aware of the LBT outcome for a given preamble transmission attempt.

Proposal 4: 
MAC starts ra-ResponseWindow only once PHY indicates to MAC that the preamble was transmitted and LBT was successful.
Observation 3: 
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.
Proposal 5: 
The UE can be configured to transmit Msg 1 with one-shot LBT after being polled by the gNB.
Proposal 6: 
The UE can be configured to transmit Msg 1 without LBT after being polled by the gNB.

Proposal 7: 
Agree to the above text proposal in TR 38.889.
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