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1   Introduction
In RAN2 AH1807 [1], the following agreement is reached:

	· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· 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.


	From Rel-14 LAA Agreements: 

· Both CBRA and CFRA are supported on NR-U SpCell and CFRA is supported on NR-U SCells. 

· At the first stage, RAR can be transmitted via SpCell

· Assume we Use a predefined HARQ process ID for RAR




In this contribution, we will discuss some enhancements on random access procedure, and provide our proposals.

2   Discussion 
For unlicensed band, LBT needs to be performed before each step of transmitting message. Due to LBT failures, the channel access delay may be even worse, such that control plane requirement will not be met. Therefore, some enhancements are essential in order to reduce access delay. And in last RAN2 meeting, it has reached an agreement that enhancements to 4-step RACH for reduced transmission opportunities should be studied for NR-U.

The following Enhancements schemes for RACH procedure are considered from the perspective of the whole RACH procedure and individual message of RACH procedure. 
2.1 RACH procedure
For the whole RACH procedure, two kinds of RACH procedure are raised: single RACH procedure with multiple RACH candidates and multiple parallel RACH procedures.

Single RACH procedure with multiple RACH candidates
For single RACH procedure with multiple RACH candidates, if multiple PRACH occasions in time domain are selected as multiple opportunities for transmitting preamble, multiple LBTs may need to be performed, which increase access delay. Hence, multiple RACH candidates in frequency domain should be considered as follows.  
· Option1: UE can select one or multiple carriers/BWPs according to channel occupancy or LBT success/failure rate, and select PRACH resource and preamble on the candidate carriers/BWPs. UE performs LBT in candidate carriers/BWPs. Once a LBT succeeds, UE will transmit preamble in the corresponding carrier/BWP, and ongoing LBTs on other candidate carriers/BWPs will be terminated. The following Msg2 and Msg4 will be transmitted in DL BWP corresponding to UL BWP in which preamble is transmitted, and Msg3 will be transmitted in the same UL BWP as preamble transmission. An illustration of option 1 is shown as Figure 1.
[image: image1.png]frequency/

BWP1

BWP2

Msgl

Msg2

Msg3

Msgt

LBT success

% LBT fahwe




Figure 1 single RACH procedure in one candidate BWP
· Option2: UE/gNB can select one or more carriers/BWPs according to channel occupancy or LBT success/failure rate before transmitting each message in the RACH procedure, and then perform LBT on the candidate carriers/BWPs. Once a LBT succeeds, UE/gNB transmits the message in the corresponding carrier/BWP, and ongoing LBT on other candidate carriers/BWPs will be terminated. An illustration of option 2 is shown as Figure 2.
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Figure 2 single RACH procedure in selected BWP based on LBT 

For option1, RACH procedure is performed on the same carrier/BWP for both UL and DL once the preamble is transmitted on this carrier/BWP, and UE needs to monitor only one carrier/BWP without carrier switching or wideband monitoring. Therefore, blind detection across multiple carriers/BWPs is not needed and power consumption will be reduced.

For option 2, RACH procedure is performed across multiple carriers/BWPs. It increases transmission opportunities for each message during RACH procedure, and may reduce access latency. However, option 2 requires UE to do wideband blind detection across multiple carriers/BWPs, which consumes more power. 

Based on the analysis above, both option 1 and option 2 have own benefits and disadvantages. Both should be studied.

Proposal 1: Single RACH procedure with multiple RACH candidates should be studied.
Multiple parallel RACH procedures
 The scheme of multiple parallel RACH procedures can be applied in frequency or time domain or both. 

· Option 1, multiple RACH occasions are configured in time domain. UE starts multiple RACH procedures at different time. Multiple independent RACH procedures may proceed in parallel. 

· Option2, multiple RACH occasions are configured in frequency domain. One or more uplink carriers/BWPs and downlink carriers/BWPs are configured to UE by system information or RRC message. RACH configuration corresponding to each uplink carrier/BWPs is also configured to UE. UE performs multiple RACH procedures on different carriers/BWPs. Multiple independent RACH procedures may proceed in parallel. An illustration of option 2 is shown as Figure 3.
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Figure 3 multiple parallel RACH procedures in multiple BWPs

The preambleTransMax configured by gNB is used to control the maximum times that an UE can transmit preamble in each RACH procedure. When the preamble transmission times in each RACH procedures reach preambleTransMax, UE will indicate random access problem to the upper layer. When one of RACH procedures is successfully completed, the other ongoing RACH procedures will be terminated.

Proposal 2: Multiple parallel RACH procedures should be studied.

2.2 Preamble transmission 

LBT feedback

In NR, MAC indicates lower layer to transmit preamble using the selected PRACH resource. Once MAC indicates the transmission, it will start ra-ResponseWindow at the first PDCCH occasion from the end of Random Access Preamble transmission. However, in NR-U, Preamble transmission can only happen when LBT succeeds. When LBT fails, there is no need for UE to start ra-ResponseWindow to wait for Random Access Response. Hence, when LBT fails, a LBT failure indication should be informed to MAC by the lower layer, such that MAC will not start ra-ResponseWindow, and will be able to re-select PRACH resource quickly.

Proposal 3: LBT failure indication should be informed to MAC layer.

Power ramping counter
In NR, PREAMBLE_POWER_RAMPING_COUNTER is defined, which is used for preamble power ramping counter. For NR-U, preamble transmission during RACH procedure may be blocked due to LBT. When preamble transmission/retransmission is blocked by LBT, unnecessary power ramping may occur if PREAMBLE_POWER_RAMPING_COUNTER is increased. Lower layer should give LBT feedback to MAC, so that MAC will not increase the counter for the next preamble transmission to avoid power ramping. According to proposal 3, LBT failure indication may be informed to MAC layer. Once MAC receives it, PREAMBLE_POWER_RAMPING_COUNTER will not be increased in the next preamble transmission.
Proposal 4: The PREAMBLE_POWER_RAMPING_COUNTER should not be increased if LBT failure indication is received from lower layer.
Preamble transmission counter

PREAMBLE_TRANSMISSION_COUNTER should not be increased when LBT fails. However, when cell load is very heavy, UE may have no chance to access the  channel for a long time, then RACH procedure will never terminate since PREAMBLE_TRANSMISSION_COUNTER may not count down to zero. In order to solve this problem, MAC may count LBT consecutive failure times. When consecutive LBT failure times exceed a certain value, UE may terminate the current RACH procedure and select other carrier, i.e. in this case, MAC should indicate random access failure to upper layer, and then upper layer initiates reestablishment procedure. Once a preamble transmission happens, LBT failure counter should be reset. 

Proposal 5: The PREAMBLE_TRANSMISSION_COUNTER should not be increased if LBT failure indication is received from lower layer.

Proposal 6: When LBT consecutive failure times exceed a certain value, MAC terminates the current RACH procedure and indicates random access failure to upper layer. 
2.3 RAR window

In NR, ra-ResponseWindow maximum value is 10ms. However in unlicensed band, UE may not be able to receive Msg2 within the maximum 10ms window due to LBT. Therefore, in order to provide sufficient opportunity to transmit Msg2, ra-ResponseWindow may need to be extended. If ra-ResponseWindow is extended more than 10ms, some modifications on RA-RNTI will be needed to avoid overlapping within RA window.
Proposal 7: ra-ResponseWindow may be extended to overcome LBT failures.
2.4 Msg3 transmission

For NR-U, LBT needs to be performed before transmitting Msg3. If LBT fails, Msg3 cannot be transmitted, and will wait for the dynamic grant from gNB, which increases access delay. In order to reduce delay, some enhancements for Msg3 transmission need to be considered, e.g. multiple transmission opportunities, multiple repetition transmission. Multiple transmission opportunities or repetition need to be configured to UE. When UE receives MAC RAR or UL grant for Msg3 retransmission, it can attempt multiple LBTs until LBT succeeds in the candidate transmission resources.
Proposal 8: In order to reduce Msg3 transmission delay, some enhancements needs to be considered, e.g. multiple transmission opportunities, multiple repetition.
3   Conclusion

In this contribution, we discussed random access procedure in NR-U, and have made the following proposals.

Proposal 1: Single RACH procedure with multiple RACH candidates should be studied.
Proposal 2: Multiple parallel RACH procedures should be studied.

Proposal 3: LBT failure indication should be informed to MAC.

Proposal 4: The PREAMBLE_POWER_RAMPING_COUNTER should not be increased if LBT failure indication is received from lower layer.
Proposal 5: The PREAMBLE_TRANSMISSION_COUNTER should not be increased if LBT failure indication is received from lower layer.

Proposal 6: When consecutive LBT failure times exceed a certain value, MAC terminates the current RACH procedure and indicates random access failure to upper layer. 
Proposal 7: ra-ResponseWindow may be extended to overcome LBT failures.
Proposal 8: In order to reduce Msg3 transmission delay, some enhancements needs to be considered, e.g. multiple transmission opportunities, multiple repetition or non-adaptive retransmission.
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