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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN2 #106 meeting, CAPC restriction in case of LCHs multiplexing using CG was discussed, and the following agreements were reached [1]:
For UL CG, select the highest CAPC index (lowest priority) of LCHs multiplexed in a TB, as in LTE LAA (for WiFi coexist)
[bookmark: _Hlk16184277][bookmark: _Hlk16175881]For UL CG, FFS if it shall be possible to restrict data of which CAPC can be multiplexed into a TB with high priority data
When multiple LCHs of different CAPCs are multiplexed in one TB, the highest CAPC index of LCHs is used to perform LBT, which avoids the starvation of low priority LCHs at the cost of high priority LCH performance loss.
In RAN2 #107bis meeting, whether to enhance the CAPC restriction to protect high priority LCH for UL transmission using CG was further discussed. There were the following agreements [2]:
=>	Aim to introduce a mechanism for SRBs for CG.  Try to find an easy way to capture this in the specs if possible. 
=>  For the determination of CAPC for a DRB, selection of the CAPC should be determined by gNB.  Write in the spec that gNB should try to guarantee fairness in stage 2.
According to agreements from RAN2 #107bis, certain enhancements for CAPC restriction to protect SRB is desired while CAPC restriction for DRBs is left for gNB implementation.
This paper discusses the CAPC restriction enhancements for SRB when the UE has both SRB information and DRB data to be transmitted in uplink using CG.
2. [bookmark: _Ref536869248][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK24]Discussion
When specical CAPC restriction is applied for SRB if the UE has both SRB information and DRB data to be transmitted in uplink, i.e. SRB CAPC is used for LBT to initiate COT for SRB transmission, separate LBTs using different CAPCs are performed to initiate separate COTs for SRB and DRB transmissions respectively. While when special CAPC restriction is not applied for SRB if the UE has both SRB information and DRB data to be transmitted in uplink, the UE should use the largest CAPC of all LCHs to initiate one COT for transmissions of both SRB information and DRB data. In the following, we first analyze the performance difference in multiple aspects between the two cases, secondly we discuss if certain optimization is needed, and finally some solutions are discussed.

2.1 Shared COT vs. Separate COTs
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[bookmark: _Ref23864158]Figure 1 LTE-LAA CAPC restriction is reused and one COT is shared for SRB and DRB

When the UE has both SRB information and DRB data to be transmitted to the gNB and largest CAPC of all LCHs is used, the initiated COT at LBT success can be used for both SRB transmission and DRB transmission. In accordance, the UE may receive the HARQ feedback and/or retransmission grants after the initial UL transmissions for both SRB information and DRB data and perform the possible retransmissions accordingly. Figure 1 exemplifies the uplink transmission procedure in this case, comprising the LBT procedure, initial HARQ transmissions, HARQ feedback (DFI) and possible HARQ retransmissions. 
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[bookmark: _Ref23929554]Figure 2 Separate COTs for SRB and DRB when special CAPC restriction is applied for SRB
When the UE has both SRB information and DRB data to be transmitted to the gNB and special CAPC restriction is applied to protect SRB transmission, the SRB CAPC is used to initiate a COT for SRB transmission and the highest CAPC of the DRB LCHs is used to initiate another COT for transmission of all DRB LCHs. This means that the SRB and DRB are transmitted in separate COTs and that the UE need to monitor the HARQ feedback and perform the possible HARQ retransmissions respectively for SRB information and DRB data. The benefit in this case is that SRB transmission can be transmitted of high probability when the channel is busy. Figure 2 illustrates that separate COTs are respectively used for SRB and DRB as well as the related HARQ feedback and possible HARQ retransmissions in this case.
Observation 1: Special CAPC restriction for SRB transmission when the UE has both SRB information and DRB data to transmit means respective COTs for transmissions of SRB information and DRB data.
Observation 2: When separate COTs are used for transmissions of SRB information and DRB data respectively, there are the following costs:
· Additional LBT procedure to initiate an additional COT；
· Additional HARQ retransmission handling for the additional COT;
· Additional LBTs for gNB to separately transmit HARQ feedbacks and retransmission grants.

2.2 Necessity of specific CAPC restriction for SRB 
Though special CAPC restriction for SRB means additional costs as mentioned in Section 2.1, if SRB is not protected the SRB information transmission can be delayed much due to long delay to seize up the channel. In such situation, unexpected situation may occur, e.g. the UE may lose connection if the measurement report to trigger handover is delayed too much.
Observation 3：SRB should be protected to ensure SRB transmission delay within the acceptable limit.
In another aspect, sometimes, acceptable SRB transmission delay can be achieved even without applying special CAPC restriction for SRB when there are both SRB information and DRB data to be transmitted by a UE. For instance, if the channels of the active UL BWP of a UE are not that busy, the SRB still have very high probability to be transmitted to the gNB with acceptable delay just as in LTE-LAA. In this case, it could be not the best choice to priotize SRB transmission using special CAPC restriction for SRB considering the performance loss that are discussed in Section 2.1.
.
According to the above analysis, it can be observed that it is not necessary to always prioritize SRB for COT initiation when the UE has both SRB information and DRB data. It is helpful to have some special protection for SRB only when the channel is really busy. In case the channel is not that busy, special CAPC restriction for SRB could even low the channel utility and degrade the performance of DRB data transmission without clear benefit for SRB transmission.
Observation 4: Special CAPC restriction is necessary only when the channel is really busy.
Observation 5：When the channels are not of very high load, special CAPC restriction for SRB has no clear benefit for SRB information transmission while the DRB data has clear transmission performance loss.
2.3 Possible enhancements
According to the above discussion, it can be concluded that it is meaningful to apply special CAPC restriction for SRB only when the channel is determined to be busy. According to the agreement from the last meeting, the scheme should be simple enough from both UE implementation and standardization perspective. Then there is an issue to measure the channel busy status so as to determine whether special CAPC restriction should be applied for SRB. We will compare the following two options to determine the channel busy status and discuss which option is feasible based on the feasibility/complexity analysis:
· Option 1: gNB based channel busy status measurement, i.e., the gNB determines the channel busy status and notify a UE to apply special CAPC restriction for SRB accordingly.
· Option 2: UE based channel busy status measurement, i.e., the gNB configures a UE to measure the channel busy status and the UE is allowed to apply special CAPC restriction for SRB when the channel is determined busy.
[bookmark: _Ref23928868]Table 1 Pros and Cons of Option 1 and Option 2
	
	Option 1
	Option 2

	Pros
	· Good network controllability;
· The measurement complexity of channel busy status is in gNB side.

	· Also good network controllability since the gNB can enable/disable this feature；
· Good timeliness and accuracy of channel busy status judgement due to that the UE can determine the channel busy status based on the measurement by itself;
· Good flexibility for UE to determine whether special CAPC restriction is applied for SRB based on instantaneous measurements.

	Cons
	· There can be considerable latency and signalling overhead to notify the UE when the gNB determines the channel is busy;
· The channel busy status experienced by the UE could be very different from the gNB due to hidden nodes (especially when beamforming is used).
	· The measurement complexity of channel busy status is in the UE side.



In Table 1, the pros and cons are compared between Option 1 and Option 2. It can be observed that Option 2 outperforms Option 1 with respect to both timeliness and accuracy of channel busy status considering that the measurement results of channel busy status is achieved and used by the UE to determine whether to apply special CAPC restriction for SRB. One possible concern could be that channel busy measurement by UE may clearly increase the complexity for UE. However, this concern is not necessary when we look at the measurements already achievable in the UE side. Below are three options of achievable measurements, other options are not precluded:
· Option A: a UE can derive the channel busy status based on the channel occupancy measurement, if configured. Low channel occupancy means the channel is not busy. 
· Option B: a UE can derive the channel busy status based on the RSSI measurement, if configured. Low RSSI means the channel is not busy.
· Option C: a UE can derive the channel busy status based on the historical LBT results, if configured. High LBT successful ratio means the channel is not busy.
Among the above options, Option C can always be used by a UE if channel occupancy or RSSI measurement is not configured.
Observation 6: Based on any of channel occupancy, RSSI and historical LBT results, a UE can determine the channel busy status with low additional complexity.
Based on the above discussions, we would like to propose the following:
Proposal 1: If configured, a UE is allowed to determine whether special CAPC restriction (e.g. SRB CAPC instead of DRB CAPC is used for LBT) is applied for SRB transmission based on the channel busy status when the UE has both SRB information and DRB data to be transmitted in uplink.
Proposal 2: SRB CAPC is applied to initiate COT for SRB transmission when the UE has both SRB information and DRB data but the channel is determined to be busy.
Proposal 3: A UE can determine the channel busy status by itself based on channel occupancy, RSSI or historical LBT results, if configured.

3. Conclusion
In this contribution, we discuss the CAPC restriction enhancements for SRB protection when the UE has both SRB information and DRB data to be transmitted in UL. The observations and proposals are summarized below:
Observation 1: Special CAPC restriction for SRB transmission when the UE has both SRB information and DRB data to transmit means respective COTs for transmissions of SRB information and DRB data.
Observation 2: When separate COTs are used for transmissions of SRB information and DRB data respectively, there are the following costs:
· Additional LBT procedure to initiate an additional COT；
· Additional HARQ retransmission handling for the additional COT;
· Additional LBTs for gNB to separately transmit HARQ feedbacks and retransmission grants
Observation 3：SRB should be protected to ensure SRB transmission delay within the acceptable limit.
Observation 4: Special CAPC restriction is necessary only when the channel is really busy.
Observation 5：When the channels are not of very high load, special CAPC restriction for SRB has no clear benefit for SRB information transmission while the DRB data has clear transmission performance loss.
Observation 6: Based on any of channel occupancy, RSSI and historical LBT results, a UE can determine the channel busy status with low additional complexity.
Proposal 1: If configured, a UE is allowed to determine whether special CAPC restriction (e.g. SRB CAPC instead of DRB CAPC is used for LBT) is applied for SRB transmission based on the channel busy status when the UE has both SRB information and DRB data to be transmitted in uplink.
Proposal 2: SRB CAPC is applied to initiate COT for SRB transmission when the UE has both SRB information and DRB data but the channel is determined to be busy.
Proposal 3: A UE can determine the channel busy status by itself based on channel occupancy, RSSI or historical LBT results, if configured.
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