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1
Introduction

In previous RAN2 meeting, with respect to RACH procedure, there are following agreement [1],
	Agreements:

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



This contribution disscusses and analyzes the RACH procedure affected by LBT, including starting of the  RAR window and PREAMBLE_TRANSMISSION_COUNTER operation, and then our proposals are provided for RAN2 discussion and decision.
2
Discussion
2.1
LBT outcome notification from L1
Firstly, we analyze whether the LBT outcome needs to be notified to MAC layer.
Under unlicensed network deployment, different from the licensed deployment, unsuccessfully reception of the RAR message might correlate the following cases:


Case 1)  preamble transmitted, but not receiving corresponding RAR before RAR window expires


Case 2)  preamble transmission dropped due to LBT failure

The first case is general and might occur in both licensed and unlicensed network, while the second case is a unlicensed deployment specific event, which could never happen in licensed NR network. However, no matter which case happens, the UE should initiate retransmission of the preamble. As thus, with the notification of LBT outcome from L1, the UE can identify the root cause leading to the unsuccessful receiption of RAR, and then perform the correct action according to the RAN2’s agreement in last meeting, e.g. retransmitting the preamble with power ramped in case 1, or with power unchanged in case 2. 
Observation 1: LBT outcome can help MAC identify the root cause of unsuccessful reception of RAR in unlicensed deployment.

Proposal 1: LBT outcome needs to be notified to MAC layer from PHY layer.
2.2
Starting of RAR window considering LBT outcome
Considering LBT outcome (success or failure),  if preamble is dropped due to LBT failure, it is reasonable that the UE doesn’t start the RAR window, and only if the LBT succeed and preamble is transmitted, the RAR window should be started.
If RAR window is started in case of LBT failure, the UE has to wait for the duration of this window and initiates the retransmission of preamble once the timer expires. It makes no sense but just brings in the unnecessary random access latency.  Taking into account that  RAR window might be increased to beyond 10ms in NR-U deployment [2], the latency would become even worse. On the contrary, if UE doesn’t start RAR window when LBT fails for preamble transmission, UE could reselect next available RACH occassion within another suitable sub-channel based on the channel condition, and re-initiate preamble transmission. It can be observed that the latter option can reduce the additional delay due to LBT failure in NR-U deployment.
Observation 2:  Not starting RAR window when preamble dropped due to LBT failure can reduce the RA latency in unlicensed deployment.
Consequently, we propose that in case of LBT failure RAR window should not be started, and only when LBT succeed and preamble is transmitted, should it be started.

Proposal 2:  When preamble transmission is dropped due to LBT failure, the RAR window should not be started.
2.3
PREAMBLE_TRANSMISSION_COUNTER
In the NR MAC specification，the effect of PREAMBLE_TRANSMISSION_COUNTER is as follows[3]:
2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;

4>
if this Random Access procedure was triggered for SI request:

5>
consider the Random Access procedure unsuccessfully completed.

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed.

According to above analysis and proposals, the UE doesn’t start RAR window if LBT fails for transmission of preamble, but could initiate retransmission of preamble on the same or another channel immediately without waiting for the expiration of RAR window. In such case, it is beneficial to increment the  PREAMBLE_TRANSMISSION_COUNTER, which reflects one time failure of preamble transmission (or attemptation). Otherwise, if not incrementing the counter, there might occur a worst case, i.e. the UE continuously attempts to transmit the preamble, however every attemptation fails due to LBT failure because the channel is busy in such period. Since the PREAMBLE_TRANSMISSION_COUNTER couldn’t reach the upper limit (i.e. preambleTransMax + 1) , the upper layer of UE cannot be aware of such RACH problem, which would prevent the UE from re-initiating RA procedure by reselection of another BWP or cell in time. 
Observation 3: Not incrementing PREAMBLE_TRANSMISSION_COUNTER could prevent upper layer aware of RACH problem in time.

As thus, the PREAMBLE_TRANSMISSION_COUNTER should be incremented when preamble is dropped due to LBT failure.

Proposal 3: When preamble transmission is dropped due to LBT failure, the  PREAMBLE_TRANSMISSION_COUNTER should also be incremented.
3 Conclusion
In this paper, we discuss and analyze the RACH open issues related with LBT, e.g. LBT outcome notification , the RAR window starting and  PREAMBLE_TRANSMISSION_COUNTER operation, and as a result obtain some observations:
Observation 1: LBT outcome can help MAC identify the root cause of unsuccessful reception of RAR in unlicensed deployment.

Observation 2:  Not starting RAR window when preamble dropped due to LBT failure can reduce the RA latency in unlicensed deployment.
Observation 3: Not incrementing PREAMBLE_TRANSMISSION_COUNTER could prevent upper layer aware of RACH problem in time.

Then we put forward the following proposals:

Proposal 1: LBT outcome needs to be notified to MAC layer from PHY layer.

Proposal 2:  When preamble transmission is dropped due to LBT failure, the RAR window should not be started.
Proposal 3: When preamble transmission is dropped due to LBT failure, the  PREAMBLE_TRANSMISSION_COUNTER should also be incremented.
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