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1. Introduction
At RAN2#103bis, RAN2 has made below agreements concerning the impact of LBT on RA
Agreements:
Power ramping is not applied when preamble is not transmitted due to LBT failure.
Discuss at next meeting to decide on whether PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of LBT

Meanwhile, RAN2 has also agreed the below texts to capture the outcome the initial agreements into TP. 
In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure and it may not be necessary to increase these counters when the attempt does not happen due to LBT failure. This will require an indication from the physical layer to the MAC.
Based on above agreements, we have seen two remaining issues for further investigation 
1) Power ramping due to LBT failure is skipped in the MAC, however, how to implement this function is still not clear in the MAC spec.
2) Further discussion is needed on whether the increment of PREAMBLE_TRANSMISSION_COUNTER should rely on outcome of LBT operation
We express our views in this paper. The discussions are in a more general sense, meaning that proposed solutions are applicable to both 4-Step RACH and 2-Step RACH. 
1. [bookmark: _Ref525580359]Discussions
At RAN1#94, it has been agreed that:
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

· 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

Therefore, for RAN1 understanding, both power ramping and increment of the counter shall be skipped. 
However, in our understanding, as some companies argued in RAN2#103bis, if the preamble transmission counter this may result in the PREAMBLE_TRANSMISSION_COUNTER never reaching its maximum allowed value preambleTransMax in case of systematic UL LBT failures. This may introduce uncertainty in UE behaviour and possibly cause unnecessary delays in triggering of RLF at upper layers.
From our understanding, this concern is relevant. The benefit of introducing a separate counter to count the event of LBT failures, is not clear compared with a legacy counter which is stepped irrespective of LBT, especially if it is considered the typical case of occasional LBT failures. 
As we propose in our companion paper [1], if RAN2 believes that the event of many consecutive LBT failures should trigger RLF, then the counting of LBT events should be considered as part of the RLM framework and there should be a common counter which counts LBT failures for all UL transmissions.
[bookmark: _Toc528858621]The benefit of introducing a separate PREAMBLE_TRANSMISSION_COUNTER to count the event of LBT failures is not clear compared with the legacy counter which is stepped irrespective of LBT outcome.
[bookmark: _Toc528858336][bookmark: _Toc528858473][bookmark: _Toc528858622]If RAN2 deems necessary to monitor LBT events to trigger possible UE actions, e.g. RLF, after many consecutive LBT failures, then any UL transmission should be taken into account, not only RACH transmissions.
1. [bookmark: _Toc528237611][bookmark: _Toc528755779][bookmark: _Toc528755881][bookmark: _Toc528756392][bookmark: _Toc528756421][bookmark: _Toc528756463][bookmark: _Toc528776719][bookmark: _Toc528858560][bookmark: _Toc528858623][bookmark: _Toc528237612]RAN2 considers as a baseline that the PREAMBLE_TRANSMISSION_COUNTER is incremented irrespective of LBT failures.
On the other hand, it seems reasonable to assume that the ra-ResponseWindow is only started when the preamble is really transmitted and ra-ContentionResolutionTimer only when the msg3 is transmitted.
1. [bookmark: _Toc525551325][bookmark: _Toc525551326][bookmark: _Toc525580355][bookmark: _Toc525728668][bookmark: _Toc525830780][bookmark: _Toc525830996][bookmark: _Toc525831332][bookmark: _Toc525831393][bookmark: _Toc525831407][bookmark: _Toc525832777][bookmark: _Toc525832837][bookmark: _Toc525832919][bookmark: _Toc525832937][bookmark: _Toc525832946][bookmark: _Toc525832960][bookmark: _Toc525832989][bookmark: _Toc528237613][bookmark: _Toc528755780][bookmark: _Toc528755882][bookmark: _Toc528756393][bookmark: _Toc528756422][bookmark: _Toc528756464][bookmark: _Toc528776720][bookmark: _Toc528858561][bookmark: _Toc528858624]The UE MAC starts the ra-ResponseWindow and the ra-ContentionResolutionTimer only when the LBT operation for the respective messages has succeeded at the PHY layer. 
RAN1 has also recommend that the RAR window may need to be extended beyond 10ms. Similar logic is applicable to the contention resolution timer. It would be beneficial to extend the contention resolution timer to increase robustness to DL LBT failure. The exact values are need to be further studied.
1. [bookmark: _Toc525551329][bookmark: _Toc525580357][bookmark: _Toc525728670][bookmark: _Toc525830782][bookmark: _Toc525830998][bookmark: _Toc525831334][bookmark: _Toc525831395][bookmark: _Toc525831409][bookmark: _Toc525832779][bookmark: _Toc525832839][bookmark: _Toc525832921][bookmark: _Toc525832939][bookmark: _Toc525832948][bookmark: _Toc525832962][bookmark: _Toc525832991][bookmark: _Toc528237615][bookmark: _Toc528755781][bookmark: _Toc528755883][bookmark: _Toc528756394][bookmark: _Toc528756423][bookmark: _Toc528756465][bookmark: _Toc528776721][bookmark: _Toc528858562][bookmark: _Toc528858625]Extend the RAR window beyond 10ms (FFS values).
1. [bookmark: _Toc525551330][bookmark: _Toc525580358][bookmark: _Toc525728671][bookmark: _Toc525830783][bookmark: _Toc525830999][bookmark: _Toc525831335][bookmark: _Toc525831396][bookmark: _Toc525831410][bookmark: _Toc525832780][bookmark: _Toc525832840][bookmark: _Toc525832922][bookmark: _Toc525832940][bookmark: _Toc525832949][bookmark: _Toc525832963][bookmark: _Toc525832992][bookmark: _Toc528237616][bookmark: _Toc528755782][bookmark: _Toc528755884][bookmark: _Toc528756395][bookmark: _Toc528756424][bookmark: _Toc528756466][bookmark: _Toc528776722][bookmark: _Toc528858563][bookmark: _Toc528858626]Extend the ra-ContentionResolutionTimer (FFS values).  
1. [bookmark: _Toc525830784][bookmark: _Toc525831000][bookmark: _Toc525831336][bookmark: _Toc525831397][bookmark: _Toc525831411][bookmark: _Toc525832781][bookmark: _Toc525832841][bookmark: _Toc525832923][bookmark: _Toc525832941][bookmark: _Toc525832950][bookmark: _Toc525832964][bookmark: _Toc525832993][bookmark: _Toc528237617][bookmark: _Toc528755783][bookmark: _Toc528755885][bookmark: _Toc528756396][bookmark: _Toc528756425][bookmark: _Toc528756467][bookmark: _Toc528776723][bookmark: _Toc528858564][bookmark: _Toc528858627]Add the text in the appendix to TR 38.889.
1. Conclusion
[bookmark: _Hlk528066018]In section 2we made the following observations:

Observation 1	The benefit of introducing a separate PREAMBLE_TRANSMISSION_COUNTER to count the event of LBT failures is not clear compared with the legacy counter which is stepped irrespective of LBT outcome.
Observation 2	If RAN2 deems necessary to monitor LBT events to trigger possible UE actions, e.g. RLF, after many consecutive LBT failures, then any UL transmission should be taken into account, not only RACH transmissions.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 considers as a baseline that the PREAMBLE_TRANSMISSION_COUNTER is incremented irrespective of LBT failures.
Proposal 2	The UE MAC starts the ra-ResponseWindow and the ra-ContentionResolutionTimer only when the LBT operation for the respective messages has succeeded at the PHY layer.
Proposal 3	Extend the RAR window beyond 10ms (FFS values).
Proposal 4	Extend the ra-ContentionResolutionTimer (FFS values).
Proposal 5	Add the text in the appendix to TR 38.889.
[bookmark: _Toc523928755][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]
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Appendix
Add the following text in the TR:
[bookmark: _Toc525830785][bookmark: _Toc525831001][bookmark: _Toc525831337][bookmark: _Toc525831398][bookmark: _Toc525831412][bookmark: _Toc525832782][bookmark: _Toc525832842][bookmark: _Toc525832924][bookmark: _Toc525832942][bookmark: _Toc525832951][bookmark: _Toc525832965]7.2.2	Higher layer aspects
[bookmark: _Toc528161182][bookmark: _Toc525830787][bookmark: _Toc525831003][bookmark: _Toc525831339][bookmark: _Toc525831400][bookmark: _Toc525831414][bookmark: _Toc525832784][bookmark: _Toc525832844][bookmark: _Toc525832926][bookmark: _Toc525832944][bookmark: _Toc525832953][bookmark: _Toc525832967]7.2.2.2.1	RACH (4-step, 2-step)
[bookmark: _Toc525830788][bookmark: _Toc525831004][bookmark: _Toc525831340][bookmark: _Toc525831401][bookmark: _Toc525831415][bookmark: _Toc525832785][bookmark: _Toc525832845][bookmark: _Toc525832927][bookmark: _Toc525832945][bookmark: _Toc525832954][bookmark: _Toc525832968]NR-U will support contention-free RACH (CFRA) and contention-based RACH (CBRA). On SCells, onlyCFRA is supported while both CBRA and CFRA are supported on SpCells.
Both 4-step and 2-step RACH will be supported for NR-U. Here 2-step RACH refers to the procedure which can complete CBRA in two steps. One additional benefit of 2-step RACH is due to less LBT impact with the reduced number of messages. However, in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH. All the RACH triggers for legacy 4-step procedure may also be applicable to 2-step procedure.
For 4-step RACH, the messages in time order are named as msg1, msg2, msg3, msg4 and for 2-step RACH, they are named msgA and msgB.
A single RACH procedure is assumed as a baseline while the need for multiple procedures can be investigated further.
As a baseline, the random-access response to msg1 will be on SpCell and msg3 is assumed to use a predetermined HARQ ID.
In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. Similarly, the ra-ResponseWindow and the ra-ContentionResolutionTimer are started only when the LBT operation has succeeded. This will require an indication from the physical layer to the MAC. The RAR window is extended beyond 10 ms (values are FFS), and the ra-ContentionResolutionTimer is extended (values are FFS).
Regarding the counter for preamble transmission, i.e. PREAMBLE_TRANSMISSION_COUNTER, it assumed that is stepped following legacy NR procedures.

