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1 Introduction
The impact of LBT failures on the random access has been discussed in previous RAN2 meetings and the following agreements were achieved [1][2]:

RAN2#103:

•	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.

RAN2#103bis:

1.	Power ramping is not applied when preamble is not transmitted due to LBT failure.
2.	Discuss at next meeting to decide on whether PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of LBT


Also the following agreements were reached in RAN1 [3]:

RAN1#94:

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


In this contribution, we study the impact of the LBT procedure on the Random Access procedure, and propose a way forward for handling persistent LBT failures.
2 Discussion
In NR licensed, the PREAMBLE_TRANSMISSION_COUNTER is set to 1 at RA procedure initialization. It is incremented:
· After the UE transmits the RA preamble, when the ra-ResponseWindow expires and no valid response has been received by the UE, or
· After the UE transmits Msg3, when the UE receives Msg4 and the contention resolution is not successful or the ra-ContentionResolutionTimer expires.
We note that both ra-ResponseWindow and ra-ContentionResolutionTimer are started after the UE has transmitted a message to the network and is waiting for a response.
Observation 1: ra-ResponseWindow and ra-ContentionResolutionTimer are started after the UE has transmitted a message to the network and is waiting for a response.
After being incremented, if PREAMBLE_TRANSMISSION_COUNTER does not exceed the maximum value preambleTransMax, the UE transmits another RA preamble and might apply power ramping depending on the RRC configuration. Otherwise, if the PREAMBLE_TRANSMISSION_COUNTER exceeds preambleTransMax, a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
A typical scenario for preamble transmission failures in NR licensed is illustrated in Figure 1 below.
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[bookmark: _Ref528332086]Figure 1 Preamble transmission failure in NR licensed
In NR-U, after the MAC layer instructs the physical layer to transmit a RA preamble or msg3, the message may not be transmitted if the LBT fails. In this case, it is not meaningful for the UE to expect a response from the network and start a timer waiting for the response.
Therefore we propose that the ra-ResponseWindow and ra-ContentionResolutionTimer should be started only when the LBT succeeds and the physical layer transmits msg1 or msg3.
Proposal 1: In NR-U, ra-ResponseWindow and ra-ContentionResolutionTimer are started when the LBT is successful and the physical layer transmits msg1 (RA preamble) or msg3, respectively.
Based on the discussion and proposal above, an example scenario with persistent LBT failures can be illustrated in Figure 2 below. The PREAMBLE_TRANSMISSION_COUNTER is incremented when the ra-ResponseWindow expires after successful transmission, but not every time the LBT fails. When LBT fails, the preamble could be transmitted in the next available occasion.
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[bookmark: _Ref528333996]Figure 2 Persistent LBT failures (PREAMBLE_TRANSMISSION_COUNTER is not incremented)
In this case it takes longer for the UE to detect the preamble transmission problems and take appropriate actions in the presence of persistent LBT failures. 
Observation 2: If the PREAMBLE_TRANSMISSION_COUNTER is not incremented for each LBT failure, it takes longer for the UE to detect preamble transmission problems and take appropriate actions.
Alternatively, the PREAMBLE_TRANSMISSION_COUNTER could be incremented when the MAC layer instructs the physical layer to transmit the preamble, i.e. regardless of the result of LBT.
An example scenario for this case can be illustrated in Figure 3 below.
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[bookmark: _Ref528415035]Figure 3 Persistent LBT failures (PREAMBLE_TRANSMISSION_COUNTER is incremented)
In this option, the UE may not reach the maximum possible preamble power before detecting a problem with the preamble transmissions. In some scenarios, this will result in the UE declaring RLF even when the radio conditions are not too bad but the channel suffers from too much contention temporarily. 
Observation 3: If the PREAMBLE_TRANSMISSION_COUNTER is incremented for each LBT failure, the preamble power may not reach its maximum value in the presence of LBT failures.
We therefore think that LBT failures should be evaluated separately.
To detect excessive LBT failures, one of the following mechanisms could be considered:
· A counter is incremented for each LBT failure, and the occurrence of excessive LBT failures is detected by the UE when the counter reaches its maximum value within a time window, or
· A timer is started when the MAC layer instructs the physical layer to transmit the message for the first time, it is stopped when the transmission is successful, and the occurrence of excessive LBT failures is detected by the UE when the timer expires
When the UE detects the occurrence of excessive LBT failures, the MAC layer could take the same actions as when the PREAMBLE_TRANSMISSION_COUNTER reaches its maximum value, i.e. a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
Proposal 2: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
The LBT could also fail for msg3 transmissions. In this case, it is not possible to re-attempt the msg3 transmission at another opportunity because the UE transmits msg3 on the UL grant indicated in RAR. This case could be treated similar to the ra-ContentionResolutionTimer expiry: Discard the TC-RNTI, consider contention resolution not successful, flush the HARQ buffer for msg3, increment the PREAMBLE_TRANSMISSION_COUNTER, indicate a RA problem to upper layers if the counter has reached the maximum value, or potentially re-attempt the RA procedure if it has not.
Proposal 3: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.
3 Conclusion
We have the following observations and proposals regarding systematic LBT failures in this document:
Observation 1: ra-ResponseWindow and ra-ContentionResolutionTimer are started after the UE has transmitted a message to the network and is waiting for a response.
Proposal 1: In NR-U, ra-ResponseWindow and ra-ContentionResolutionTimer are started when the LBT is successful and the physical layer transmits msg1 (RA preamble) or msg3, respectively.
Observation 2: If the PREAMBLE_TRANSMISSION_COUNTER is not incremented for each LBT failure, it takes longer for the UE to detect preamble transmission problems and take appropriate actions.
Observation 3: If the PREAMBLE_TRANSMISSION_COUNTER is incremented for each LBT failure, the preamble power may not reach its maximum value in the presence of LBT failures.
Proposal 2: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
Proposal 3: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.
Proposal 4: Agree to the TP in Annex below for TR 38.889.
4 Annex - Text Proposal for TR 38.889 v0.2.0
[bookmark: _Toc528161182]7.2.2.2.1	RACH (4-step, 2-step)
/// Unmodified text not included
/// Start of proposed changes
In NR-U, the ra-ResponseWindow and ra-ContentionResolutionTimer are started when the LBT is successful and the physical layer transmits msg1 (RA preamble) or msg3, respectively. The UE detects systematic LBT failures for msg1 and msg3 transmissions by utilizing a timer or a counter mechanism. When the UE detects systematic LBT failures for msg1 transmissions, it takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds preambleTransMax. When the UE detects systematic LBT failures for msg3 transmissions, it takes the same actions as the ra-ContentionResolutionTimer expiry.
/// End of proposed changes

5 References
[1]. [bookmark: _Ref527448857][bookmark: _Ref520125680]RAN2-103-UPIABNRU-BreakoutSession-EOM
[2]. [bookmark: _Ref527555965]RAN2-103Bis-NRU-Notes-20181011_1100_v2
[3]. [bookmark: _Ref527452890]Final_Minutes_report_RAN1#94_v100




image1.emf
Time

1 2 3

preambleTrans

Max

Detect preamble 

transmission failure

Power

RAR 

window

RAR 

window

PREAMBLE_

TRANSMISSION_

COUNTER


image2.emf
Time

1 1 2

preambleTrans

Max

Detect preamble 

transmission failure

Power

RAR 

window

RAR 

window

2 3 3

PREAMBLE_

TRANSMISSION_

COUNTER

LBT failure


image3.emf
Time

1 2 3

preambleTrans

Max

Detect preamble 

transmission failure

Power

RAR 

window

RAR 

window

PREAMBLE_

TRANSMISSION_

COUNTER

LBT failure


