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1. Introduction

In RAN#77 meeting, a study item on NR-based Access to Unlicensed Spectrum was approved. One of the objectives in the SID is: 

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

At RAN2#100 meeting, it is agreed that:

2
NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

In the following, we would like to clarify how RA procedure works based on NR licensed design and identify the issues in RA procedure due to LBT failure.

2. Discussion
In licensed band, if MAC layer selects a RA resource and instructs PHY layer to transmit a preamble over this resource of a cell, it seems that this preamble could be always transmitted. However, if the cell is deployed in an unlicensed band, it is possible that the preamble is finally dropped due to LBT failure. Hence, RAN2 may need to carefully check whether the current NR licensed RA design works and whether there is any unexpected impact on RA procedure if taking the preamble drop due to LBT failure into account.
In previous RAN1 meeting, there is an agreement related to the preamble transmission counter when preamble transmission is dropped due to LBT failure [3]:
If preamble transmission 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.

If RAN2 confirms this RAN1 conclusion, new condition/mechanism of triggering the complete of a RA procedure may need to be discussed for the case of preamble drop caused by LBT failure. Currently, the preamble transmission counter is incremented in case of unsuccessful RAR reception. In order to implement RAN1 agreement above, for example, the counter will not be incremented if RAR is received unsuccessful due to dropped preamble. As shown in Figure 1, even if preamble transmission is dropped many times due to continuous LBT failures, the ‘PREAMBLE_TRANSMISSION_COUNTER’ will not increase. The condition utilized to trigger the complete of a RA procedure could hardly be satisfied, i.e. ‘PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1’. As a result, the ongoing RA procedure could hardly stop.
[image: image1.emf]NR 

licensed

NR-U

t

t

1stResource 

selection

Preamble 

transmission

RAR 

reception

RA initialization

RA initialization

RA completed

Nth Resource 

selection

Preamble 

transmission

RAR 

reception

……

RAR failure RAR failure

1stResource 

selection

Preamble 

transmission

RAR 

reception

……

RAR failure

LBT failure(s)

Counter ++

Counter ++

Counter 

unchanged

Counter ++

=>max trans


Figure 1: Consideration on RA complete

Observation 1: If “If preamble transmission is dropped due to LBT failure, the preamble transmission counter is not incremented” is confirmed by RAN2, 
· The ongoing RA procedure may hardly stop after several preamble transmissions are dropped due to continuous LBT failures.
Proposal 1: RAN2 is kindly asked to study new condition/mechanism of triggering the complete of a RA procedure for the case of preamble drop caused by LBT failure.
Another thing is the description on when the RAR window starts is changed recently. Before, in TS38.213 f20, the related description is 

“The window starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space, as defined in Subclause 10.1, that is at least 
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 symbols after the last symbol of the preamble sequence transmission, where  is defined in [10, TS 38.133] and 
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 is the subcarrier spacing configuration for Type1-PDCCH common search space.”

In the latest TS38.213 [4], the related description is
“The window starts at the first symbol of the earliest control resource set the UE is configured to receive PDCCH for Type1-PDCCH common search space, as defined in Subclause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the subcarrier spacing for Type1-PDCCH common search space as defined in Subclause 10.1.”

It can be seen that the reference point for determining the starting point of RAR window is changed from ‘the last symbol of the preamble sequence transmission’ to ‘the last symbol of the PRACH occasion corresponding to the PRACH transmission’. After this change, the RAR window triggering is not explicitly related to preamble transmission. Hence, in unlicensed band scenario, it seems possible that even if the preamble transmission is dropped due to LBT failure, the RAR window may be started. Consequently, before another attempt of preamble transmission, the UE has to wait till the RAR window ends unless another new RA procedure is triggered (e.g. for SI request) and the UE decides to stop the old one. Some unnecessary delay would be introduced, as shown in Figure 2.
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Figure 2: Unexpected delay in RA

Observation 2: If current NR licensed design is adopted, 
· Even if a preamble transmission is dropped due to LBT failure, an RAR window may be started.
· Some unexpected delay would occur between one preamble transmission dropped due to LBT failure and another preamble transmission attempt.

Proposal 2: RAN2 is kindly asked to study a new mechanism in order to avoid unexpected delay in case of LBT failure.
3. Summary

In this contribution, the issues in RA procedure due to LBT failure are identified and the following points are observed: 
Observation 1: If “If preamble transmission is dropped due to LBT failure, the preamble transmission counter is not incremented” is confirmed by RAN2, 

· The ongoing RA procedure may hardly stop after several preamble transmissions are dropped due to continuous LBT failures.
Observation 2: If current NR licensed design is adopted, 

· Even if a preamble transmission is dropped due to LBT failure, an RAR window may be started.

· Some unexpected delay would occur between one preamble transmission dropped due to LBT failure and another preamble transmission attempt.

Based on these observations, we have the following proposals:
Proposal 1: RAN2 is kindly asked to study new condition/mechanism of triggering the complete of a RA procedure for the case of preamble drop caused by LBT failure.
Proposal 2: RAN2 is kindly asked to study a new mechanism in order to avoid unexpected delay in case of LBT failure.
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