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1 Introduction
In previous RAN2 meetings, a number of agreements have been achieved for detecting consistent LBT failures and BWP switching in NR-U. However, a number of issues remain open, which are highlighted below [1]:


RAN2#108:
· UE can trigger SR if there is no available UL resources for sending the MAC CE for SCell UL LBT problem, using the same framework as BFR.
· The MAC CE should be transmitted on a different serving cell other than the SCell which has the UL LBT problem
· Cancel the consistent LTB failure for a serving cell (or BWP(s)) (i.e. do not consider Cell as having LBT failure) upon UE successfully transmit a LBT failure MAC CE indicating the serving cell.  FFS what successfully transmission means (i.e. ideally align with BFR unless there are some issues).
· When consistent UL LBT failure is declared on SpCell, UE triggers MAC CE to indicate where failure happened.  The MAC CE is sent on the BWP that the UE switched to during RA procedure.  
· FFS When UE switches to another BWP and initiate RACH upon declaration of consistent LBT failure on SpCell, ONLY RACH is initiated.  


In this contribution, we discuss some of the remaining issues on consistent LBT failures, BWP switching, and reporting the LBT failures to the network.
2 Discussion
Issue #1: When UE switches to another BWP, should only RACH be initiated?
In Rel-15, the behaviour for active/inactive states for a BWP is specified in 38.321 §5.15 as below:
	For each activated Serving Cell configured with a BWP, the MAC entity shall:
1>	if a BWP is activated:
2>	transmit on UL-SCH on the BWP;
2>	transmit on RACH on the BWP, if PRACH occasions are configured;
2>	monitor the PDCCH on the BWP;
2>	transmit PUCCH on the BWP, if configured;
2>	report CSI for the BWP;
2>	transmit SRS on the BWP, if configured;
2>	receive DL-SCH on the BWP;
2>	(re-)initialize any suspended configured uplink grants of configured grant Type 1 on the active BWP according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2.
1>	if a BWP is deactivated:
2>	not transmit on UL-SCH on the BWP;
2>	not transmit on RACH on the BWP;
2>	not monitor the PDCCH on the BWP;
2>	not transmit PUCCH on the BWP;
2>	not report CSI for the BWP;
2>	not transmit SRS on the BWP;
2>	not receive DL-SCH on the BWP;
2>	clear any configured downlink assignment and configured uplink grant of configured grant Type 2 on the BWP;
2>	suspend any configured uplink grant of configured grant Type 1 on the inactive BWP.



BWP switching can be initiated by one of the following triggers:
1. PDCCH indicating a downlink assignment or an uplink grant, 
2. bwp-InactivityTimer, 
3. RRC signalling,
4. The MAC entity itself upon initiation of Random Access procedure
Note that for the first three cases, the network is aware when the BWP switching is going to be performed. Therefore, the UE and the network are always synchronised with respect to which BWP is active and which BWP(s) are inactive.
However, for the scenario “BWP switching initiated by the MAC entity itself”, the network is initially not aware that the UE is switching the BWPs. The UE switches to initialUplinkBWP if a random access procedure is initiated and PRACH occasions are not configured for the active BWP. When the network detects that a random access procedure is performed by the UE on the inactive initialUplinkBWP, it becomes aware that the BWP switching is being performed.
As mentioned in the above agreements, in the Rel-16 NR-U work item, a new scenario has been introduced for BWP switching: the UE can switch BWPs when it detects consistent LBT failures on SpCells. 
For the new BWP switching scenario, there are basically two options:
1. No new BWP behaviour is introduced other than what is already specified for Rel-15. This means that, during the BWP switching, uplink transmissions on the activated BWP are not restricted to random access, and other transmissions such as SR on PUCCH or configured grant Type 1 are allowed as well.
2. On the activated BWP, only uplink transmissions that are part of the random access procedure are allowed, until the random access is completed. Other uplink transmissions such as SR and CG Type 1 are disallowed.
With option 1, if the network is not monitoring all UL transmissions on the BWP that is being activated, some UL transmissions might be missed by the network, for example transmissions on configured grant Type 1. However, this issue already exists in Rel-15 when the BWP switching is initiated by the MAC entity (when a random access procedure is initiated and PRACH occasions are not configured for the active BWP). As mentioned above, initially the network is not aware that the UE has switched BWPs. The UE will (re-)initialise any configured grant Type 1 on the new active BWP, and may start transmitting data on them even before the random access is completed.
Observation 1: The issue with missed UL transmissions can already occur during some UE-based BWP switching scenarios in Rel-15.
If missing of some uplink transmissions by the network is considered a critical issue, the network could be expected to monitor and detect all uplink transmissions on the inactive BWPs that are eligible for switching (i.e. BWPs with configured PRACH occasions).
However, if this is not feasible and even if the network misses some UL transmissions during the BWP switching, recovery can still be possible through other means, for example by retransmissions on configured grants after the expiry of cg-RetransmissionTimer, or retransmitting SR the expiry of SR prohibit timer.
Observation 2: There are existing mechanisms (such as cg-RetransmissionTimer, SR prohibit timer) to recover any missed uplink transmissions.
On the other hand, for option 2, some new behaviour has to be introduced for the new BWP switching scenario. Effectively, this will introduce a new BWP state (e.g. “active pending”) in addition to the existing active and inactive BWP states.
This will increase the complexity of the BWP operation and will have a significant specification impact. Corner cases will need to be considered for the new state: for example, what happens if the BWP switching is triggered by other means (e.g. RRC or PDCCH) while the BWP is in this state?
Observation 3: Introducing new behaviour for BWP switching will increase the complexity of the BWP behaviour and have a significant specification impact.
Considering that there are recovery mechanisms for any missed uplink transmissions, and the specification effort required for option 2, we think that option 1 can be adopted by RAN2, i.e. no new BWP behaviour with respect to UL transmissions is specified when the BWP switching is triggered by consistent LBT failures.
Proposal 1: When the UE performs BWP switching after detecting consistent LBT failures, no additional restrictions or special behaviour will be introduced regarding the UL transmissions during the BWP switching, other than what is defined for the existing active and inactive BWP states in 38.321 5.15.

Issue #2: Ongoing RA procedure before the BWP switch
In Rel-15, BWP switching may be initiated while there is an ongoing RA procedure for the following cases:
· PDCCH for BWP switching is received by the UE: It is up to the UE whether to perform the BWP switching or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful Random Access procedure completion. If the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure after performing the BWP switching.
· RRC signalling: The MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure after performing the BWP switching.
For other BWP switching scenarios (by the MAC entity and by the bwp-InactivityTimer), it is not possible to have an ongoing RA procedure when the BWP switching is initiated.
For the new BWP switching introduced for consistent LBT failures, there may also be an ongoing RA procedure at the time of the BWP switch. Furthermore, the consistent LBT failures could have been detected during Msg1/Msg3/MsgA transmission attempts. Note that the BWP switching should not be delayed due to an ongoing RA procedure: there is no benefit of continuing with the preamble/Msg3/MsgA transmissions on the same BWP if the current channel is overloaded.
As mentioned above, when the BWP switching is triggered due to consistent LBT failures, the UE will initiate a RA procedure after switching the BWP. However, if there is already an ongoing RA procedure before the BWP switching, the UE should stop the ongoing RA procedure and initiate a RA procedure after completing the BWP switching.
Proposal 2: If the BWP switching due to consistent LBT failures is triggered while there is an ongoing RA procedure, the UE shall stop the ongoing RA procedure and initiate a RA procedure after completing the BWP switching.

Issue #3: When is the LBT failure MAC CE considered to be successfully transmitted?
According to RAN2#108 agreements, consistent LBT failure condition will be cleared when the corresponding LBT failure MAC CE is successfully transmitted. It is expected that a similar mechanism as the SCell BFR MAC CE in eMIMO will be used, unless some issues are identified.
According to the running MAC CR of eMIMO, the triggered BFRs for the serving cell are cancelled when an uplink grant addressed to C-RNTI is received for the HARQ process used for the transmission of BFR information of this cell. In our understanding, receiving an uplink grant addressed to C-RNTI for a new transmission indicates that the network has successfully received the TB that was last transmitted for the HARQ process. If the last TB contained the SCell BFR MAC CE, this can be used as a confirmation that the network has successfully received the MAC CE.
It is possible to re-use the same mechanism as confirmation for the LBT failure MAC CE. But this mechanism relies on the network to allocate a new uplink grant to the UE. The network has to reserve the NR-U channel to transmit the PDCCH addressed to C-RNTI. This may be undesirable in some scenarios, for example, if the channel is already busy, this will introduce more transmissions on the channel.
For the LBT failure MAC CE, the transmission of the TB with successful LBT can be used to cancel the consistent LBT failures. If the LBT is successful, the network will be aware of the UL transmission by the UE. Even if the network cannot decode the TB, it can send retransmission grants to the UE and the TB with the MAC CE can eventually be received. If the TB is initially transmitted using a dynamic grant and the LBT fails, the network should send retransmission grants when it cannot receive the TB at the scheduled time. If the TB is initially transmitted using configured grants, the UE should retransmit the TB on a configured grant after the configured grant retransmission timer expires.
Proposal 3: If the LBT for the transmission of a TB with the LBT failure MAC CE is successful, the consistent LBT failures for the BWPs of the cells indicated in the MAC CE are cleared.

Issue #4: SR configuration for when there are no UL resources to send LBT failure MAC CE
If LBT failure MAC CE is triggered and there are no UL resources to transmit the MAC CE, SR will be triggered. In RAN2#108 it was agreed to re-use the SCell BFR MAC CE mechanism for triggering SR as far as possible.
In Rel-15, there can be multiple SR configurations and each LCH can be mapped to one SR configuration (SR ID). In eMIMO, an SR configuration (SR ID) is assigned to the SCell BFR. A similar mechanism can be used for LBT failure MAC CE: one SR configuration can be used when LBT failure MAC CE is triggered and there are no UL resources. We think that it is not necessary to reserve one SR configuration specifically for this purpose. The SR configuration can be shared with LCHs. In any case, the priority of the LBT failure MAC CE is higher than data for LCHs, therefore it should be sent before any other data. Whether the SR configuration for LBT failure can be shared with the SCell BFR should be decided in the eMIMO AI.
Proposal 4: One SR configuration (SR ID) is assigned for the case when an LBT failure MAC CE is triggered and there are no UL resources available. The SR configuration can be shared with LCHs.

3 Conclusion
In this contribution, we have the following observations and proposals regarding the handling of the consistent LBT failures in MAC:
Observation 1: The issue with missed UL transmissions can already occur during some UE-based BWP switching scenarios in Rel-15.
Observation 2: There are existing mechanisms (such as cg-RetransmissionTimer, SR prohibit timer) to recover any missed uplink transmissions.
Observation 3: Introducing new behaviour for BWP switching will increase the complexity of the BWP behaviour and have a significant specification impact.
Proposal 1: When the UE performs BWP switching after detecting consistent LBT failures, no additional restrictions or special behaviour will be introduced regarding the UL transmissions during the BWP switching, other than what is defined for the existing active and inactive BWP states in 38.321 5.15.
Proposal 2: If the BWP switching due to consistent LBT failures is triggered while there is an ongoing RA procedure, the UE shall stop the ongoing RA procedure and initiate a RA procedure after completing the BWP switching.
Proposal 3: If the LBT for the transmission of a TB with the LBT failure MAC CE is successful, the consistent LBT failures for the BWPs of the cells indicated in the MAC CE are cleared.
Proposal 4: One SR configuration (SR ID) is assigned for the case when an LBT failure MAC CE is triggered and there are no UL resources available. The SR configuration can be shared with LCHs.
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