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11	Introduction
The impact of LBT on the handling of various transmission counters in MAC specifications and MAC/PHY layer procedures have been discussed during the SI on NR-based access to unlicensed spectrum in both RAN1 and RAN2.
In RAN2#103 it was concluded that: 
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 RAN1#94 the following was agreed:
	Agreement: 
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



[bookmark: _Hlk536524501]In RAN2#103bis the impact of LBT on RA and SR procedures have been further discussed based on [1], and the following was agreed:
	Agreements:
· Power ramping is not applied when preamble is not transmitted due to LBT failure.
· [bookmark: _Hlk528235442]Discuss at next meeting to decide on whether PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of LBT


In RAN2#104, the impact of LBT on SR procedure was also shortly discussed, and the following text was agreed and captured in the technical report TR 38.889 [1]:
· For scheduling request (SR), a prohibit timer as in NR licensed can be used. However, this should not prevent the UE from attempting to transmit an SR again if the triggered SR was not transmitted due to LBT failure.
Moreover, a new WI on NR-based Access to Unlicensed Spectrum [2] was approved in RAN#82 with following objectives (among others):
-	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, […] 
-	Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)
In this contribution, we continue discussing the potential impacts of UL LBT on RA and SR procedure, and in particular on the problems that may occur in case of systematic LBT failures in UL. 
2	Discussion 
[bookmark: _Toc525763198]In baseline NR, MAC indicates a random-access problem when the RA preamble transmission counter reaches its maximum value. RLF is triggered upon PHY failure based on DL RLM, RA failure, and reaching the maximum number of RLC transmission. 
For operation in unlicensed spectrum, it has been discussed that the SR and RA preamble counters may not need be increased in case of UL LBT failures. While on one side this is reasonable since an UL LBT failure by itself is not an indication of poor channel conditions, on the other hand this may lead to unacceptable delays in declaring RLF, and in some extreme cases, even create deadlock situations.
Observation1: Not increasing SR_COUNTER and/or PREAMBLE_TRANSMISSION_COUNTER in case of LBT failures can in some cases lead to unacceptable delays in declaring RLF, potentially even to a deadlock situation where RLF is never triggered.
Moreover, Rel-15 NR did not introduce any specific mechanisms to initiate a RA procedure (or declare RLF) in case UL transmissions (other than RA preambles and SR) continuously fail due to poor radio channel conditions. In this case, RLF may be triggered only if the maximum number of RLC transmission is reached, which however assumes RLC acknowledged mode (AM) is used and assumes the retransmissions can be generated which might not be always possible with continuous LBT failure. 
The underlying assumption when operating in licensed spectrum is that if the eNB/gNB is not able to detect UL transmissions from the UE, most likely the UE will not be able to detect the reference signals transmitted for RLM purposes by the eNB/gNB in DL either – and therefore RLF will be triggered based on RLM.  However, this assumption may not always hold true in unlicensed spectrum if e.g. UL transmissions are systematically blocked by LBT – while there is no blocking in DL. This may happen e.g. in case of hidden nodes. This may be a problem in case of both UE-initiated (e.g. UL configured grants) and network-initiated (e.g. based on dynamic scheduling) UL transmissions, though it may be more crucial for UE-initiated uplink transmissions, as in case of network-initiated UL transmission the gNB may have means to detect UL LBT failures.
As in case of RA preambles and SR, many UL LBT failures experienced in correspondence of UE-initiated and/or network-initiated UL transmissions may cause unacceptable delays in declaring RLF, and in some extreme cases, even create deadlock situations. 
Note that this may be less of a problem for SR and UL CG than for RA preambles, as the gNB may have other means to detect that UL transmissions are repeatedly blocked by LBT (e.g. the UE will not be able to transmit HARQ A/N feedback for DL transmissions, CSI, SRS, etc.). However, a common solution to this problem is needed as it cannot be guaranteed that the UE will always have DL transmission to acknowledge, or configured resources to transmit CSI, SRS, etc.
Observation 2: The same problem of unacceptable delays in declaring RLF or deadlock situation observed for RA and SR transmissions, can in principle be met in case any other UL transmission is systematically blocked by LBT, especially is case of UE-initiated transmissions such as UL transmissions using configured grants.  
In [3], [4] and [5], it is proposed that SR_COUNTER is increased for each SR transmission attempt regardless of whether LBT for the corresponding SR transmission succeeds or not. This may solve the deadlock problem described above for SR - and possibly for RA if the same approach is used for PREAMBLE_TRANSMISSION_COUNTER. However, this solution presents some drawbacks. 
First, in general the event of an SR or a RA preamble transmission being blocked due to LBT failure is not in itself an indication of poor channel conditions, and therefore should not cause unnecessary release of the physical layer configuration. As a result, SR_COUNTER and PREAMBLE_TRANSMISSION_COUNTER may need to be set to relatively large values to consider potential LBT failures, which may cause delays in triggering the RACH procedure and RLF. On the other hand, setting the counters too aggressively may result in unnecessary triggering of RACH procedure and declaration of RLF before enough power ramping (since the power ramping counter was agreed not to be increased in case of LBT failures). Moreover, this solution does not work for other UL transmissions than SR and RA preambles (e.g. UL configured grants). 
Observation 3: Increasing SR_COUNTER and/or PREAMBLE_TRANSMISSION_COUNTER also in case of LBT failures presents some drawbacks. Moreover, this cannot solve the problem of excessive RLF delays and RLF deadlock which may happen due to systematic LBT failures in correspondence of other UL transmissions than SR or RA preambles.
Proposal 1: systematic UL LBT failure needs to be addressed separately if the counters to monitor potential failure of the SR/RA procedures are not increased when the UL transmission is not performed due to LBT failure.
[bookmark: _Toc525535306][bookmark: _Toc525535307]In [6][7][8], it was proposed to introduce a new counter to count the number of LBT failures per SR configuration. When the new counter reaches the threshold, RACH can be triggered. Though only discussed for SR, the same approach (e.g. new counter) could also be applied for RA preambles, and potentially other UL transmissions. 
However, this may end up with the specification of many counters (e.g. one counter per SR configuration, one counter per RACH configuration, one counter per UL CG configuration, and so on), thus impacting the UE complexity and the required overhead for signalling the many configurations.
Proposal 2: RAN2 to decide whether to introduce a common mechanism to detect systematic UL LBT failures in correspondence of different UL transmissions and channels (e.g. PUCCH, RA preamble, UL transmissions using configured grants) or have independent ones for each procedure/UL channel.
Since LBT failure only concerns the narrow band sub-channels it listened to and the cell could have much wider bandwidth, it should be discussed upon detection of systematic UL LBT failure, whether the UE should trigger RLF directly or it could try other sub-channels as re-establishment would cause interruption and overhead for reconfigurations.
[bookmark: _Hlk963516]Proposal 3: RAN2 to discuss upon detection of systematic UL LBT problem whether the UE should initiate RLF directly or try other sub-channels.
4	Conclusion 
In this paper we discussed the impacts of LBT on RA and SR procedures, and more generally discussed the potential deadlock problem that can be caused by systematic UL LBT failures in unlicensed spectrum. Based on the presented discussions, we made the following observations and proposals:
Observation1: Not increasing SR_COUNTER and/or PREAMBLE_TRANSMISSION_COUNTER in case of LBT failures can in some cases lead to unacceptable delays in declaring RFL, potentially even to a deadlock situation where RLF is never triggered.
Observation 2: The same problem of unacceptable delays in declaring RLF or deadlock situation observed for RA and SR transmissions, can in principle be met in case any other UL transmission is systematically blocked by LBT, especially is case of UE-initiated transmissions such as UL transmissions using configured grants.   
Observation 3: Increasing SR_COUNTER and/or PREAMBLE_TRANSMISSION_COUNTER also in case of LBT failures presents some drawbacks. Moreover, this cannot solve the problem of excessive RLF delays and RLF deadlock which may happen due to systematic LBT failures in correspondence of other UL transmissions than SR or RA preambles. 
Proposal 1: systematic UL LBT failure needs to be addressed separately if the counters to monitor potential failure of the SR/RA procedures are not increased when the UL transmission is not performed due to LBT failure.
Proposal 2: RAN2 to decide whether to introduce a common mechanism to detect systematic UL LBT failures in correspondence of different UL transmissions and channels (e.g. PUCCH, RA preamble, UL transmissions using configured grants) or have independent ones for each procedure/UL channel.
Proposal 3: RAN2 to discuss upon detection of systematic UL LBT problem whether the UE should initiate RLF directly or try other sub-channels.
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