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1 Introduction
In RAN2 #106 [1],the following agreement was made on SL-LCP:.  
4:
Uu like starvation avoidance mechanism is applied to LCP.

This contribution discusses further details of starvation avoidance when applied to SL LCP.
2 Allocation of Resources in LCP
LCP in LTE V2X is based soley on priority (PPPP) associated with each LCH.  At execution of LCP, a UE selects LCHs based on priority and serves the LCH until all pending data in the LCH is served or the grant is exhausted.  This can lead to starvation of lower priority LCHs.  This was acceptable in LTE V2X given the low data rates and lack of any data rate related requirements.  In NR V2X, RAN2 agreed to support starvation avoidance [1]. 
In RAN2#107bis, it was agreed that a UE provides PC5 flow bit rates (GFBR/MFBR) in the UE’s QoS report message to the network (for UEs in RRC_CONNECTED) [2].  The network can take this information into account for configuring SLRBs to the UE in RRC_CONNECTED.  For a UE in RRC_IDLE/RRC_INACTIVE/OOC, however, the SLRB configuration does not take into account the PC5 flow bit rates, as the GFBR/MFBR is not carried in the SIB/preconfiguration [2].  The main reason for this is the lack of any mechanisms in Rel16 to guarantee a PC5 flow bit rate for a flow when a UE is operating in Mode 2.
Despite lack of mechanism to guarantee PC5 flow bit rates in mode 2, starvation avoidance is still beneficial to avoid starvation of low priority LCHs when high priority LCHs have already been provided with a sufficient amount of resources for transmission.  This manages fairness of resource usage within a UE and is applicable whether there is a means to guarantee a rate for a bearer or not.
Observation 1:
Starvation avoidance ensures fair usage of a UE’s grants among LCHs with different rate requirements, regardless of whether GFBR/MFBR rate requirements can be guarenteed. 
Based on this, it would be beneficial to align SL-LCP for all state/coverage scenarios of the UE, and therefore apply starvation avoidance whether the UE is in RRC_CONNECTED, RRC_IDLE/RRC_INACTIVE, or OOC.  As with other SLRB configuration parameters, the UE can receive parameters related to starvation avoidance in dedicated signalling for RRC_CONNECTED, SIB for RRC_IDLE/RRC_INACTIVE, and preconfiguration for OOC.
Proposal 1:
Starvation avoidance in SL-LCP is applied to a UE in all states/coverage scenarios (i.e. RRC_CONNECTED, RRC_INACTIVE/RRC_IDLE, and OOC). 

Proposal 2:
A UE can be configured with starvation avoidance parameters in a SLRB configuration in dedicated RRC signalling, SIB, or preconfiguration (depending on the UE state/coverage). 

LCP procedure in NR Uu uses basic waterfilling in order to avoid starvation of the lower-priorirty LCHs.  For each logical channel a prioritized bit rate (PBR) and bucket size duration (BSD) is configured by RRC to reflect the data rate requirements associated with the LCH.  A variable Bj is maintained for each logical channel j to reflect the amount of data to be prioritized (i.e. the bucket level) for a LCH at each instance of the LCP procedure.  When LCP is performed, the UE first satisfies all LCHs up to Bj (in order of priority). 
In order to introduce similar starvation avoidance in SL LCP, configuration of a PBR and BSR per SL LCH can be used, and each SL LCH can maintain a value of Bj representing the bucket level at each instance of LCP. 
Proposal 3:
Each SL LCH is (pre)configured with a prioritized bit rate (PBR) and bucket size duration (BSD) 
Proposal 4:
For each SL LCH, a UE maintains a variable (e.g. Bj) representing the bucket level at each instance of the SL LCP procedure. 

With V2X, the main difficulty in re-using the steps of Uu LCP procedure comes from the LCP restriction on destination L2 ID.  Once a destination L2 ID is selected, the grant can only use the logical channels associated with that destination L2 ID (at least for broadcast and groupcast).
Observation 6:
Due to LCP restriction on destination L2 ID in V2X, a UE cannot satisfy PBR of all logical channels in strict decreasing order of priority.

In LTE V2X, the destination L2 ID having the LCH with the highest priority of all LCHs having pending data was always selected in LCP.  A similar approach can therefore be adopted for NR V2X while accounting for the PBR.  The UE can select the destination L2 ID with the highest priority where Bj>0.  This satisfies the data rate requirement for the LCH having the highest priority first.  
Proposal 5:
A UE selects the destination L2 ID with highest priority LCH having Bj>0 among the LCHs having data available for transmission.
In the case where none of the logical channels have Bj>0, the UE should select the destination L2 ID based on priority, as it did in LTE V2X.
Proposal 6:
If there are no LCHs with Bj>0, the UE selects the destination L2 ID having the LCH with highest priority among the LCHs having data available for transmission.

Another new case to handle when introducing starvation into a NR V2X LCP procedure is when there are two destinations with LCHs of the same priority.  In NR Uu LCP, there is no specification of which LCH is selected when they have equal priority.  The UE simply processes LCHs in decreasing priority order.  This is not an issue, since the first step of LCP procedure can process all LCHs with Bj>0 if the grant is large enough.
For the case of sidelink, once the destination L2 ID is selected, LCHs associated with other destinations can only be processed at the next instance of the LCP procedure.  This can result in starvation of certain LCHs if the destination is not selected according to the current Bj’s.  It can also result in resource wastage for the grant if the selected destination does not have sufficient data to transmit (while other destinations do).  This can be avoided by selecting the destination with the largest overall Bj (across all LCHs), the largest Bj associated with the highest priority, and/or the destination which limits the overall resource wastage (either the amount of the grant used in step 3, or the amount of the grant which would be unused).  

Proposal 7:
In case of multiple destination L2 IDs having LCH with same priority and Bj>0, the UE selects a destination L2 ID that maximizes resources used to satisfy the data rate, and/or minimizes resource wastage.  Details FFS.

Once a destination is selected, the UE can select from any of the LCHs within that destination that do not violate any additional LCP restrictions.  In this case, Uu-based LCP can be followed (i.e. steps 1-3).  The UE first satisfies all the LCHs in decreasing priority order upto their Bj.  If any resource remain, the LCH can be served in priority order until data for each LCH or the UL grant is exhausted.

Proposal 8:
Following selection of a destination L2 ID, the UE follows Uu LCP procedure on the LCHs associated with that destination L2 ID.

3 Conclusion

In this contribution the following observations were made on Starvation Avoidance for SL LCP:
Observation 1:
Starvation avoidance ensures fair usage of a UE’s grants among LCHs with different rate requirements, regardless of whether GFBR/MFBR rate requirements can be guarenteed. 

Based on these observations, the following conclusions were made:

Proposal 1:
Starvation avoidance in SL-LCP is applied to a UE in all states/coverage scenarios (i.e. RRC_CONNECTED, RRC_INACTIVE/RRC_IDLE, and OOC). 

Proposal 2:
A UE can be configured with starvation avoidance parameters in a SLRB configuration in dedicated RRC signalling, SIB, or preconfiguration (depending on the UE state/coverage). 

Proposal 3:
Each SL LCH is (pre)configured with a prioritized bit rate (PBR) and bucket size duration (BSD) 

Proposal 4:
For each SL LCH, a UE maintains a variable (e.g. Bj) representing the bucket level at each instance of the SL LCP procedure. 

Proposal 5:
A UE selects the destination L2 ID with highest priority LCH having Bj>0 among the LCHs having data available for transmission.

Proposal 6:
If there are no LCHs with Bj>0, the UE selects the destination L2 ID having the LCH with highest priority among the LCHs having data available for transmission.

Proposal 7:
In case of multiple destination L2 IDs having LCH with same priority and Bj>0, the UE selects a destination L2 ID that maximizes resources used to satisfy the data rate, and/or minimizes resource wastage.  Details FFS.

Proposal 8:
Following selection of a destination L2 ID, the UE follows Uu LCP procedure on the LCHs associated with that destination L2 ID.
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