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1   Introduction
In RAN2 #104[1], the following agreements were reached.

	· For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.


	· RAN2 assumes that ra-ContentionResolutionTimer may need to be extended to overcome the LBT impact in NR-U. Detailed value should be studied during the WI.

· ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.


In this contribution, according to the agreements form the past RAN1 and RAN2, we discuss some enhancements for 4-step RACH procedure, and provide our proposals.

2   Discussion 
For NR-U, since LBT needs to be performed before transmitting each message, each of these messages may result in an LBT failure. As a result, the control plane latency requirements may not be met. Therefore, for each message in the RACH procedure, some enhancements may be considered in order to reduce the overall access delay. 

2.1 Msg1 enhancements
Frequency domain

For wide band operation, some agreements were reached in RAN1 #AH1901[2].

· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)

If this agreement is also used for UL transmission, it means that the UE may perform UL transmission on parts or whole of single active BWP where CCA is successful. Then for Msg1, in order to increase the opportunities of channel access, multiple RACH resources in the different subbands of the active BWP can be configured to the UE. When RACH procedure is triggered, multiple preambles in the different subbands may be indicated to the PHY of UE. PHY can perform LBT in the different subbands. If LBT succeeds on multiple subbands, only one of these subbands will be selected for actual transmission of RACH. UE may perform Msg1 transmission in the selected subband.
Proposal 1: Multiple subband transmission opportunities in frequency domain should be supported for Msg1.

Proposal 2: Even if LBT succeeds on multiple subbands, only one of these subbands on can be selected for Msg1 transmission to ensure that only single RACH procedure is ongoing at any given point in time
Time domain

In RAN1 #94bis[3], some time domain options for RACH resource enhancements have been identified. Herein, we mainly discuss multiple Msg1 transmissions. The detailed description of the agreement is as follows.

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

According to the agreement, multiple Msg1 transmissions in time domain may be attempted before Msg2 reception in RAR window for initial access. It implies multiple RACH occasions may be used, and it increases the opportunities of channel access. However, impact of multiple Msg1 transmissions on RAN2 specification needs to be further studied. 

Specifically, even if multiple msg1 transmissions are performed, there should only be a single RACH procedure that is operational at MAC. i.e. no parallel RACH procedures. Given this, RAN2 should discuss the modelling for triggering multiple Msg1 transmissions from MAC perspective. There are 2 options for this: 

Option 1: Only trigger the subsequent RACH transmission after knowing that the preceding Msg1 transmission has been dropped due to LBT failure. 

Option 2: Initiate multiple parallel Msg1 transmissions (potentially resulting in more than one successful msg1 being received at the gNB). 

Option 1 is simple and leverages the availability of multiple ROs across time/frequency domain. i.e. it enables the UE to trigger a new RACH (re)transmission on any available RO thus minimizing the risk of persistent LBT failures over time. Whilst option 2 might further increase the chance of LBT success, it also increases the complexity of RACH procedure as MAC procedure now needs to handle the case of multiple Msg1 transmissions within the same RACH procedure. In order to keep the MAC procedure simple, we propose option 1. 

Proposal 3: Subsequent Msg1 (re)transmission can be performed on any available RO once the initial Msg1 is dropped by the physical layer due to LBT failure.
2.2 Msg3 enhancement

For Msg3 transmission, some enhancements in time/frequency domain such as multiple transmission opportunities may be considered. However, the gains of such Msg3 enhancement need further study as potentially it is also possible to mitigate the LBT impacts on Msg3 for instance by adopting 2-step RACH or by using shared COT (based on DL LBT at gNB) to schedule the Msg3. 
Observation 1: Msg3 transmission enhancements, e.g. multiple transmission opportunities in time domain, multiple subband transmission opportunities etc, need to be further studied. 

2.3 RAR window

In RAN1 meeting, the agreement on RAR window is extended beyond 10ms has been reached. when RAR window is extended, some issues need to be considered, such as the expansion value and the impact of RAR window expansion. The detailed discussion on these issues are in [4] .

In addition, the agreement on RAR window is not started when preamble transmission fails due to LBT failure has also been reached. If RAR window is not started, since the MAC layer cannot be aware of LBT outcome, an indication is needed from phy. When the MAC layer receives the indication, it will not start RAR window and attempt the next preamble transmission. While the absence of the indication which implicitly means that the LBT was successful, RAR window will be started at the first PDCCH occasion from the end of the Random Access Preamble transmission. Therefore, an implicit indication may be used for RAR window starting.
Observation 2: An implicit indication (based on LBT failure indication from phy) may be used for starting RAR window.
2.4 Contention resolution timer

Contention resolution timer (re)start
In NR, MAC specification description on Msg3 transmission is as follows in [5].

	Once Msg3 is transmitted, the MAC entity shall:

1>
start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;

1>
monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;


According to the specification description above, once Msg3 is transmitted, the MAC layer will start and restart ra-ContentionResolutionTimer, and monitor PDCCH to wait to receive Msg3 grant or Msg4 within the timer. Here, once Msg3 is indicated to the physical layer, transmission is considered to happen. However, for NR-U, Msg3 transmission is subject to LBT failure, such that transmission cannot be performed. For this case, whether or not ra-ContentionResolutionTimer is started and restarted needs to be considered.

When Msg3 transmission is blocked due to LBT failure, the network will reschedule msg3 resources and the best thing for the UE would be to monitor the DL for msg3 retransmission grants. If UE does not start or restart ra-ContentionResolutionTimer, two possible behaviors can happen:

Behavior1: nothing is done. 

Behavior2: fallback to the step of RACH procedure.
For behavior1, the RACH procedure will be stuck. For behavior2, the procedure may be longer than waiting for Msg3 retansmission grant. Therefore, we don’t see the need for changing the UE behaviour here. We think the UE should (re)start the contention resolution timer and monitor DL for msg3 retransmission grants. 
Proposal 4: Contention resolution timer should be (re)started regardless of LBT outcome.

Contention resolution timer expansion
In addition, in the last RAN2 meeting, the agreement was reached that the contention resolution timer may be extended with larger value to overcome the LBT impact. If the timer is extended, the new values need to be considered. 

As we know, the timer covers for the processing time at gNB and PDCCH/Msg4 retransmission. In other words, Msg4 retransmission (multiple transmissions) is considered. In NR, maximum value of the timer is sf64. For NR-U, considering the characteristic of channel opportunity occupancy and access delay, a possible upper limit value such as 128ms can be considered.

Proposal 5: A new upper limit value for the contention resolution timer such as 128ms can be introduced.
3   Conclusion

In this contribution, we discussed random access procedure for 4-step in NR-U and made the following observations/proposals.

Proposal 1: Multiple subband transmission opportunities in frequency domain should be supported for Msg1.

Proposal 2: Even if LBT succeeds on multiple subbands, only one of these subbands on can be selected for Msg1 transmission to ensure that only single RACH procedure is ongoing at any given point in time
Proposal 3: Subsequent Msg1 (re)transmission can be performed on any available RO once the initial Msg1 is dropped by the physical layer due to LBT failure.
Observation 1: Msg3 transmission enhancements, e.g. multiple transmission opportunities in time domain, multiple subband transmission opportunities etc, need to be further studied. 

Observation 2: An implicit indication (based on LBT failure indication from phy) may be used for starting RAR window.
Proposal 4: Contention resolution timer should be (re)started regardless of LBT outcome.

Proposal 5: A new upper limit value for the contention resolution timer such as 128ms can be 
introduced.
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