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1 Introduction

Regarding RACH enhancements for NR-U, in last RAN2#103 meeting, it agreed:

· R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.

· Will study the model of single-RACH procedure. FFS multiple parallel procedure model 

· Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer
· It is FFS if LBT failure knowledge would be used in MAC (if available), e.g. to decide whether to increments counters PREAMBLE_POWER_RAMPING_COUNTER PREAMBLE_TRANSMISSION_COUNTER, or start stop of timers.

Also, in RAN1#94 meeting, the related agreements are as follows:

Agreement: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size

In this paper, we further discuss the enhancements to 4-steps RACH in NR-U based on the progress made in last meeting.
2 Discussion

2.1 Single RACH procedure model
In last RAN2 meeting, it was agreed that the RACH can be enhanced by additional opportunities. Besides, the single RACH procedure and multiple parallel RACH procedure model were simply discussed, while there is no clear definition of each model. 
When the RACH procedure is triggered by a event specified by TS 38.300, the MAC entity does not support to initiate another RACH procedure without stopping the previous one, i.e., no parallel RACH procedure, as the note saying from TS38.321:

NOTE 1:
If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).

For NR-U operation, we should stick to this principle otherwise it could bring complex change to the current specification, e.g., how to maintain the counters and windows. Another reason is that it seems that there are not obvious benefit to support multiple RACH procedures in parallel, since the main motivation of enhancements is to reduce the impact of LBT. By configuring multiple opportunities for each message (or some of them) could bring some benefits, i.e., UE can immediately to perform LBT again if the previous transmission opportunity fails. However, it’s not clear whether multiple opportunities should be used for each message for transmission. In current RACH procedure, each step is with only one message transmitted, we think this assumption can be also used when we consider RACH enhancements for NR-U. In other words, network can configure additional transmission opportunities for each message (or some of them), but only one transmission opportunity is selected for transmission, e.g., the one with successful LBT.
Proposal 1 For NR-U, the MAC entity does not support multiple RACH procedure in parallel as the current NR.

Proposal 2 For NR-U, RACH can be enhanced by additional opportunities, and the UE takes only one of them for transmission. 
2.2 Additional opportunities in time and frequency domain

In last meeting there is an FFS left regarding which messages the additional opportunities apply to. From UE point view, the additional opportunities should at least apply to msg1 and msg3. In other words, network can configured additional opportunities for msg1 transmission in both time and frequency domain. For msg3 transmission, multiple candidate msg3 opportunities can be allocated by msg2.

Proposal 3 The additional opportunities should apply to msg1 and msg3.
Besides, for msg3 transmission, in NR msg3 is scheduled by RAR and each UE is only possible to get one UL grant to transmit msg3 if there is corresponding RAPID in the RAR. However, due to LBT impact, the scheduled resources may not be used due to failure of LBT. One possible way to improve is, in the received RAR, network could include more than one UL grant corresponding to one RAPID. Thus, UE can have additional opportunities to transmit msg3.
Proposal 4 More than one UL grant can be included in the RAR corresponding to the same RAPID.
For msg2 and msg4, they are transmitted from network side. UE needs to monitor common search space using RA-RNTI and dedicated RNTI for decoding msg2 and msg 4 respective. It could be beneficial to increase the opportunities to monitor PDCCH however it will increase the power consumption. Besides, there are other means to compensate the impact from LBT for msg2 and msg4. For example, as agreed in RAN1, the RAR response window is extended to give network more time to transmit msg2 for the sake of LBT failure.
Proposal 5 The additional opportunities, which means additional PDCCH monitoring occasion,  should not apply to msg2 and msg4.
2.3 Impact to counters and window

Regarding PREAMBLE_POWER_RAMPING_COUNTER, as agreed in RAN1 as following:
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

Thus, from RAN2 point view, we should align with RAN1’s decision, so we propose:

Proposal 6 PREAMBLE_POWER_RAMPING_COUNTER is not incremented if the preamble transmission is dropped due to LBT failure.
Regarding PREAMBLE_TRANSMISSION_COUNTER, in the current MAC specification, this counter is incremented when the preamble is transmitted but not RAR received or contention resolution failed. Thus, if the preamble is not transmitted due to LBT failure, the PREAMBLE_TRANSMISSION_COUNTER should not be incremented.
Proposal 7 PREAMBLE_TRANSMISSION_COUNTER is not incremented if the preamble transmission is dropped due to LBT failure.
In last RAN1 meeting, regarding RAR response window, it was agreed:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
The current maximum RAR window size is 10 ms, if we extended beyond 10 ms, there will be some impacts to the RA-RNTI calculation. For example, as shown in the following figure, different preamble transmission will leads to the same RA-RNTI based on the current RA-RNTI calculation due to the extended RAR window.
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Proposal 8 RAN2 should study the impact to the RA-RNTI calculation due to extended ra-ResponseWindow.
For ra-ContentionResolutionTimer, in NR, UE will start the timer when msg3 is transmitted and restart the timer at each HARQ retransmission in the first symbol after the end of the msg3 transmission. For NR-U operation, the msg3 transmission or retransmission may be blocked by LBT, thus it would be beneficial to only start or restart the timer when the msg3 transmission or retransmission is successfully transmitted.

Proposal 9 ra-ContentionResolutionTimer is started or restarted when msg3 is successfully transmitted or retransmitted.
2.4 Other enhancements

In NR, prioritized RACH is introduced, in which two types of RACH are differentiated by either backoff or power ramping step. For NR-U operation, the same principle can be applied, with consideration of channel access type to differentiate RACH procedure.
For example, for HO RACH or BFR RACH, UE can choose higher priority channel access type for msg1 transmission. Alternatively, the channel access type can also be configured or broadcasted by the network.

Proposal#6: Introduce channel access procedure parameters to RACH differentiation (LBT type and LBT CAT4 priority class).
Proposal 10 Introduce RACH differentiate according to channel access parameters.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
For NR-U, the MAC entity does not support multiple RACH procedure in parallel as the current NR.
Proposal 2
For NR-U, RACH can be enhanced by additional opportunities, and the UE takes only one of them for transmission.
Proposal 3
The additional opportunities should apply to msg1 and msg3.
Proposal 4
More than one UL grant can be included in the RAR corresponding to the same RAPID.
Proposal 5
The additional opportunities, which means additional PDCCH monitoring occasion,  should not apply to msg2 and msg4.
Proposal 6
PREAMBLE_POWER_RAMPING_COUNTER is not incremented if the preamble transmission is dropped due to LBT failure.
Proposal 7
PREAMBLE_TRANSMISSION_COUNTER is not incremented if the preamble transmission is dropped due to LBT failure.
Proposal 8
RAN2 should study the impact to the RA-RNTI calculation due to extended ra-ResponseWindow.
Proposal 9
ra-ContentionResolutionTimer is started or restarted when msg3 is successfully transmitted or retransmitted.
Proposal 10
Introduce RACH differentiate according to channel access parameters.
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