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1 Introduction

In RAN2#102 meeting, there was some discussion on RACH procedure for NR-U and several agreements were achieved [1]. 
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
In AH meeting, whether to study 2-step RACH for NR-U was discussed again and RAN2 agreed that both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied. In last RAN2 meeting, there was some discussion on general four step RACH procedure and we achieved the following agreements [2].

· 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.

In this contribution, we would like to discuss about the impact on RACH related counters and timers and give corresponding proposals. 
2 Discussion
2.1.1 Impact on windows
In NR, ra-ResponseWindow maximum value is 10ms. Similar as in LTE, the UE will start the RAR window at the first PDCCH occasion from the end of the Random Access Preamble transmission and monitor the RAR when the time window is running. In case of unsuccessful reception of RAR upon expiry of this time window, this RACH procedure is considered as failed and UE needs to have another attempt. In NR-U similar concept should be adopted as well, i.e., reuse the definition of ra-ResponseWindow. However, since we already agreed to support stand-alone/dual connectivity scenario, in which case unlicensed spectrum is operated as SpCell, UE may not be able to receive RAR within the maximum 10ms window due to LBT failure and unnecessary RACH attempt may be triggered. Therefore, in order to provide sufficient opportunity to transmit RAR, ra-ResponseWindow may need to be extended to overcome the LBT impact. Detailed value can be discussed during the WI. In addition, as the UE needs to start or restart ra-ContentionResolutionTimer at each HARQ retransmission once Msg3 is transmitted, and monitor the PDCCH until either this timer expires or contention resolution is successful, in order to avoid unnecessary RACH attempt due to the LBT impact, some extension of ra-ContentionResolutionTimer should be considered as well. 
Proposal 1: ra-ResponseWindow and ra-ContentionResolutionTimer are extended to overcome the LBT impact in NR-U.

Another issue is whether the UE starts the ra-ResponseWindow when the preamble transmission fails due to LBT. Actually as mentioned above, when the time window is running, the UE monitors RAR, however if the preamble is not even transmitted, starting this timer may cause unnecessary UE power consumption and access latency, which is not a desired behaviour. Therefore, we think ra-ResponseWindow should not be started when the preamble is not transmitted due to LBT failure. However for ra-ContentionResolutionTimer, it is a different story. Since the NW is able to detect that there is no received Msg3 on the allocated UL grant, a proper NW implementation is to schedule a retransmission and in this case the UE needs to start the ra-ContentionResolutionTimer to wait for the DCI for HARQ retransmission, otherwise the RACH procedure will get struck. 
Proposal 2: ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.

Proposal 3: ra-ContentionResolutionTimer is started/restarted even when the Msg3/HARQ retransmission is not transmitted due to LBT failure. 
2.1.2 Impact on counters
In last meeting, we achieved the agreement to study the impact on counters used in RACH procedure. Currently in NR, there are two counters: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER. PREAMBLE_TRANSMISSION_COUNTER is used to count the number of PRACH transmissions during a random access procedure and to take appropriate actions when the count reaches the maximum value. This counter is incremented by 1 in case that RAR reception is not successful or contention resolution is not successful. While PREAMBLE_POWER_RAMPING_COUNTER is used in calculating power for PRACH (re-) transmissions and is incremented by 1 if UE does not change beam for PRACH retransmission and the SSB selected is not changed. 

In NR-U, preamble transmission may be blocked due to LBT failure, therefore whether these two counters are increased or not in this case remains ambiguous. Actually in LTE LAA, we had similar discussion and the conclusion is that the UE does not increase the preamble transmission power when a preamble is not transmitted due to LBT. This is to avoid unnecessary preamble transmission increment and power ramping. Therefore, we think similar principle applies to NR-U, i.e., PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER should not be incremented when a preamble is not transmitted due to LBT failure.  
Proposal 4: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER should not be incremented when a preamble is not transmitted due to LBT failure.
2.1.3 LBT outcome indication

In last meeting, there was some discussion on whether PHY indicates LBT failure or not to the higher layer. As discussed above, the handling of the counters as well as timers utilized in RACH procedure depends on the LBT outcome. Therefore, we think an explicit indication seems beneficial even though we did not have such indication and left this kind of interaction to UE implementation in LTE LAA. Actually we already have power ramping suspension, which is also a kind of explicit indication from PHY to MAC, so similar mechanism can be applied to LBT outcome indication. In addition, it seems enough to only have a NACK indication and MAC assumes a successful LBT in case of a lack of this indication. 
Proposal 5: Introduce an explicit indication to indicate the LBT failure from PHY to MAC
3 Conclusion

In this contribution, we discuss about the impact on RACH related windows and counters and we have the following proposals. 
Proposal 1: ra-ResponseWindow and ra-ContentionResolutionTimer are extended to overcome the LBT impact in NR-U.

Proposal 2: ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.

Proposal 3: ra-ContentionResolutionTimer is started/restarted even when the Msg3/HARQ retransmission is not transmitted due to LBT failure. 
Proposal 4: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER should not be incremented when a preamble is not transmitted due to LBT failure.
Proposal 5: Introduce an explicit indication to indicate the LBT failure from PHY to MAC.
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