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1. Introduction
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to study the changes needed to the SR procedures:
· Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)
In order to operate in unlicensed spectrum, some regions of the world impose a need to perform Listen-Before-Talk (LBT) for medium access to ensure fair spectrum usage among devices. Scheduing request transmission on PUCCH is also subjected to LBT This may have an impact to the Scheduling Request (SR) procedure.  In this contribution, we discuss the effects of LBT to SR procedure and propose ways to alleviate the impacts of LBT.

2. Discussion
2.1. Effects of LBT to sr-ProhibitTimer
In TS 38.321, the SR procedure is described below:
	Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4>	start the sr-ProhibitTimer.
3>	else:
4>	notify RRC to release PUCCH for all Serving Cells;
4>	notify RRC to release SRS for all Serving Cells;
4>	clear any configured downlink assignments and uplink grants;
4>	clear any PUSCH resources for semi-persistent CSI reporting;
4>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
NOTE:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.


According to the above yellow highlighted text ,the current SR procedure increment SR_COUNTER and starts the sr-ProhibitTimer as soon as the MAC entity instruct the physical layer to send the SR. 
As agreed in the last meeting, sr-ProhibitTimer should not be started if LBT fails.  This is reflected in TR.38.889 as follows:
	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.



How to model this in the specification can be further discussed when Stage-3 is discussed

However RAN2 was unable to conclude whether SR_COUNTER should be incremented if LBT failsThe purpose of the SR_COUNTER is to give a maximum attempts the UE can perform SR transmission to avoid UE get stuck in the requesting state due to poor RF conditions. LBT failure can be seen as another factor of poor RF condition (i.e. the channel load is very high). From this point of view, SR_COUNTER should be incremented. To take into consideration of the LBT failure in this approach, the sr-TransMax can be configured appropriately to consider the time domain solution (i.e. increasing the configured max value for the SR_COUNTER to provide more SR opportunities via subsequent SR resource)  to overcome LBT (but understanding that it will unnecessary prolong the SR procedure if it is really due to poor RF condition other than LBT failure).  
On the other hand, if the counter is not incremented due to LBT, the MAC entity may get stuck in this state for a very long time if the channel continues to be busy during the SR transmission occasion of the configured SR for the pending SR. This may not be desirable.
The alternative is to have a separate SR counter (per SR configuration) to count the number of SR transmission failure (i.e. absence of successful LBT outcome from physical layer) due to LBT. However, introducing another counter increases the complexities of the UE to maintain another counter per SR configuration. Hence it is proposed that:
Proposal 1:  SR_COUNTER is incremented regardless of whether it is due to LBT failure or not. The value of the sr-TransMax can be configured to take into consideration of LBT. Whether the range of sr-TransMax needs to extended can be discussed further.
2.2. Channel Access Priority Class
In Rel 15 FeLAA, CAPC for scheduled uplink is selected by eNB and delivered to UE via uplink grant, while CAPC for AUL is configured by RRC in LogicalChannelConfig.
In 38.889, the following text regarding CAPC is adopted:
	For channel access and transmissions in NR-U the mechanisms and associated signaling adopted by LTE LAA (e.g. standardized QCI to access priority mapping for DL and UL, how access priority per logical channel is determined for scheduled UL and AUL transmissions etc) are used as the baseline. Any changes due to new physical layer design and channel access mechanisms for NR-U (e.g. introduction of PRACH, support of FBE) can also be introduced.



Observation 1: NR-U adopted the same CAPC mechanism as in Rel 15 FeLAA.
In NR, each logical channel is configured with a scheduling request resource which reflects the QoS requirement of the DRB that the logical channel is mapped to.  If DSR/PUCCH can also apply CAT4 LBT for channel access, there is a need to know which access priority class to use. One straightforward way is to configure each scheduling request resource configuration with a priority class. Alternatively, if each logical channel is configured with a access priority class, the access priority class can be the configured priority class for the logical channel that triggered the SR
Proposal 2: If CAT4 LBT is used for DSR transmission, the channel access priority class needs to be determined.  This can be done either configured per scheduling request resource configuration. Alternatively, it can use the priority class of the logical channel if it is configured for AUL.

2.3. SR and Configured Grant
If configured grant is active, BSR can be sent on PUSCH allocated by configured grant without having to trigger a SR, if the corresponding logical channels triggering the SR are not restricted to use unlicensed serving cell and configured grant for NR-u. This is to prevent unnecessary DSR from being sent when the BSR can be sent via configured grant for NR-u. It may also help to reduce the possible collision between configured grant and scheduled grant from happening as described in our companion contribution [1].  
The current text in 38.321 already allow BSR to send over configured grant and skip the Scheduling Request:
	2>	if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if there is no UL-SCH resource available for a new transmission; or
3>	if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or
3>	if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>	trigger a Scheduling Request.




Proposal 3: BSR should be sent on PUSCH allocated by configured grant if the corresponding logical channels triggering the SR are not restricted to use unlicensed serving cell and configured grant for NR-U. 
2.4. Increase SR transmission opportunity
SR resource configuration are configured for a certain QoS requirement. For example, for some eMBB service, the latency requirement is more stringent and the periodicity of the SR resources are shorter so that the latency can meet the latency requirement of the service. For such service, delay incurred by LBT may result in the latency requirement of the service not being met. One straightforward way is to shorten further the SR periodicity.  There are also other ways the SR opportunities can be increase:
One approach as proposed in [2] for the CA case is to support SR configuration on more than one PUCCH Scells. Currently, as stated in 38.331, it only supports one PUCCH configuration for PCell and/or one for SCell in the case of CA with multiple time-alignment or in the case of DC where the PUCCH configurations are configured for the PCell and PSCell. Our understanding is that such restriction on the number of PUCCHs is imposed by RAN1 due to UE power consumption, and hence we think that RAN1 needs to discuss first the feasibility of such approach.
Another approach is to introduce the concept of a SR resource window to provide more SR transmission opportunities. The idea is to extend the SR resource in time domain for configurable amout of time. Whether such extension is possible is again dependent on whether there are sufficient L1 resources (in terms of time and frequency radio resources) available for such extension since 2 SR resource occasion/window may become overlapped. Again we think that RAN1 needs to discuss the feasibility of such approach.
Proposal 4: RAN1 needs to first study the feasibility of extending the SR resource configuration to SCell (other than for multiple TA purpose) and SR resource window (a set of SR resource continuous in time)  as approaches to increase SR transmission opportunities.
3. Conclusion
RAN 2 to discuss and adopt the following proposals:
Proposal 1:  SR_COUNTER is incremented regardless of whether it is due to LBT failure or not. The value of the sr-TransMax can be configured to take into consideration of LBT. Whether the range of sr-TransMax needs to extended can be discussed further 
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Proposal 2: If CAT4 LBT is used for DSR transmission, the channel access priority class needs to be determined.  This can be done either configured per scheduling request resource configuration. Alternatively, it can use the priority class of the logical channel if it is configured for AUL.
Proposal 3: BSR should be sent on PUSCH allocated by configured grant if the corresponding logical channels triggering the SR are not restricted to use unlicensed serving cell and configured grant for NR-U
Proposal 4: RAN1 needs to first study the feasibility of extending the SR resource configuration to SCell (other than for multiple TA purpose) and SR resource window (a set of SR resource continuous in time)  as approaches to increase SR transmission opportunities.
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