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Introduction
In NR-U, a listen before talk (LBT) operation may need be performed prior to any transmission. So, the scheduling request on PUCCH is al subject to the LBT operation. The scheduling aspects have been defined in the scope of the study item [1]. It is necessary for RAN2 to study enhancements for SR transmission to combat with the LBT failures. In this paper, we analyses the potential impact of LBT on SR procedures  and propose corresponding solutions in this paper.
[bookmark: _Ref525832169]Discussions
SR procedure in NR licensed
The main procedure on SR in NR is highlighted as 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>	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 implementatio
Impact of LBT failure on SR procedure
Since the SR transmission may be subject to the LBT operation, the first question that needs to be answered is whether the LBT outcome need to be visible at the MAC layer. In the SR procedure, the operation for both SR_COUNTER and sr-ProhibitTimer would rely on the LBT outcome. An example is shown in Figure 1. 
[bookmark: _Toc524959424][bookmark: _Toc524960346][bookmark: _Toc525720819][bookmark: _Toc525832147][bookmark: _Toc525832196]The operation for both SR_CONUTER and sr-ProhibitTimer rely on outcome of LBT operation.
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Figure 1. An example on the SR transmission in case of LBT failure.
At RAN1#94, the impact of LBT failure on PRACH transmission has been discussed by RAN1, and some agreements have been made and highlighted as below:
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
We think the similar logic is applicable to the SR aspects. Therefore, if the SR transmission is blocked by LBT failure, the SR_COUNTER is not incremented and sr-ProhibitTimer is started only when LBT has succeeded.
[bookmark: _Toc525565501][bookmark: _Toc525565502][bookmark: _Toc525720812][bookmark: _Toc525832150][bookmark: _Toc525832199]Same as the RAN1 agreements for PRACH transmissions, it is recommended that:
a. [bookmark: _Toc525565503][bookmark: _Toc525720813][bookmark: _Toc525832151][bookmark: _Toc525832200]SR_COUNTER is not incremented in case the SR transmission is blocked by LBT failure.
b. [bookmark: _Toc525565504][bookmark: _Toc525720814][bookmark: _Toc525832152][bookmark: _Toc525832201]Sr_ProhibitTimer is started only when LBT has succeeded.

Potential SR enhancements by additional SR opportunities
Similar to random access procedures, as described in one companion paper [2], it is beneficial for NR-U to remove the restriction of PRACH transmission in the primary cell to increase the RA opportunities. With similar reasoning, we think it is also beneficial to remove the restriction for SR transmission that the SR is only transmitted in the primary cell or a PUCCH SCell. 
In NR Rel-15, a UE in CA can be configured up to two PUCCH cell groups. If a UE is allowed to transmit a SR on other cell than the primary cell and a PUCCH SCell, the UE must be configured to support more than two PUCCH cell groups. Or in other sentences, the UE need to support more than one PUCCH SCells.  
[bookmark: _Toc524959425][bookmark: _Toc524960347][bookmark: _Toc525720820][bookmark: _Toc525832148][bookmark: _Toc525832197]In legacy carrier aggregation framework, the PUCCH-SR transmission is limited to the primary cell and PUCCH SCell. 
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Therefore, we make below suggestion.
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[bookmark: _Toc524959448]In NR licensed, one LCH can be mapped to zero or one SR configuration. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. Same in NR-U, an SR configuration consists of a set of PUCCH resources for SR which may cross different serving cells where PUCCH-SR resources are configured. 
In NR licensed, the selection of which valid PUCCH resource for SR to signal SR when there is more than one overlapping valid PUCCH SR is left to UE implementation. We think it is reasonable to adopt the same rule regarding the selection of PUCCH SR resources for NR-U. The UE for example, if there are concurrent PUCCH SR resources on different carriers, the UE may attempt LBT in those carriers, and eventually transmit the SR in one carrier, i.e. the carrier where the LBT was successful.
Therefore, we make below suggestion.
[bookmark: _Toc525720816][bookmark: _Toc525832154][bookmark: _Toc525832203][bookmark: _Toc525565506]Similar as in NR licensed operations, it is left to UE implementation on how to choose the PUCCH resource for the SR transmission if there are multiple overlapping valid PUCCH resources, e.g., select the one with successful LBT.
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In section 2 we made the following observations:
Observation 1	The operation for both SR_CONUTER and sr-ProhibitTimer rely on outcome of LBT operation.
Observation 2	In legacy carrier aggregation framework, the PUCCH-SR transmission is limited to the primary cell and PUCCH SCell.
Observation 3	In NR-U, it is beneficial to transmit PUCCH-SR on other serving cell than the primary cell and a PUCCH SCell.

Based on the discussion in section 2 we propose the following:
Proposal 1	Same as the RAN1 agreements for PRACH transmissions, it is recommended that:
a.	SR_COUNTER is not incremented in case the SR transmission is blocked by LBT failure.
b.	Sr_ProhibitTimer is started only when LBT has succeeded.
Proposal 2	In order to overcome LBT failure, NR-U supports more than one PUCCH SCell.
Proposal 3	Similar as in NR licensed operations, it is left to UE implementation on how to choose the PUCCH resource for the SR transmission if there are multiple overlapping valid PUCCH resources, e.g., select the one with successful LBT.
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Text proposal on Random access procedure
7.2.2	Higher layer aspects
7.2.2.x	Scheduling Request (SR)
Same as in an NR licensed cell, an SR configuration consists of a set of PUCCH resources for SR across serving cells where PUCCH-SR resources are configured. one LCH can be mapped to zero or one SR configuration. In a CA scenario, a UE can be configured with more than one PUCCH SCell. 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. 
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