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Introduction
One of the objectives of the “V2X phase 2 based on LTE” work item ‎[1] is carrier aggregation: 
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
0. Carrier aggregation (up to 8 PC5 carriers);

In this contribution we discuss resource selection and carrier selection to support mode-4 transmission with PC5 carrier aggregation. 
We start by listing the relevant existing agreements.
At RAN1 #90bis the following was agreed ‎[2]:

Agreement: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure
Note: T2 values may be discussed, and potentially modified, when discussing latency reduction

Conclusion: Continue discussion on whether address the following issue for resource selection for mode-4 CA:
· UE’s limited TX capability 
· TX chain switching time
· Half duplex problem
· TX power budget constraint

At RAN1#91 the following was agreed ‎[3] :




Discussion

UEs with Limited TX Capabilities

[bookmark: _GoBack]Among the options listed in the RAN1#91 agreement on UEs with limited TX capabilities, option 2 has the benefit of being very simple and minimizing specification impact; on the other hand, it will result in degraded performance and inability to reap the expected benefits of carrier aggregation. Turning then to option 1-1 and option 1-2, the resulting resource selection seems to be very similar between these two options; the difference seems to mainly be in how to describe the behaviour and which specifications would be impacted. Assuming that the performance would be the same, how to decide between them is a matter of ease of specification. In that respect, option 1-2 seems slightly more straightforward. Option 1-2 can handle all 4 types of TX capability limitation listed in the agreement, so the simplest alternative is to use option 1-2 for all cases.

[bookmark: P_WA][bookmark: P_TXCapLimit][bookmark: _Hlk498730873]Proposal 1: For mode-4 resource selection of UEs with limited TX capabilities, select the alternative “Option 1-2 for (a), (b), (c), and (d)”.

One TX capability limitation not listed in the RAN1#91 agreement is the case of limited TX power budget. It seems desirable to treat all TX capability limitations in a consistent way, so we propose
[bookmark: P_TXPow]Proposal 2: Add “total TX power exceeds Pcmax” as an additional TX capability limitation to be handled.

Further aspects of TX power sharing are discussed in our companion contribution ‎[4].



Conclusions
In this contribution, we discussed mode-4 transmission with PC5 carrier aggregation for UEs with limited TX capabilities and make the following proposals: 
Proposal 1: For mode-4 resource selection of UEs with limited TX capabilities, select the alternative “Option 1-2 for (a), (b), (c), and (d)”.


Proposal 2: Add “total TX power exceeds Pcmax” as an additional TX capability limitation to be handled.
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Agreement      From RAN1 understanding, the limited TX capability means that the UE cannot support  transmission(s) over carrier(s) in a subframe due to       (a) Number of TX chains smaller than the number of configured TX carriers or      (b) UE doesn’t support the give n band combination or      (c) TX chain switching time or      (d) UE cannot fulfill the RF requirement due to, e.g.,  PSD imbalance        For a UE with limited TX capability, RAN1 considers the following options for resource selection  in mode 4 CA.      Option 1 - 1: When the U E performs the resource selection for a certain carrier, any  subframe of that carrier shall be excluded from the reported candidate resource set if  using that subframe exceeds its TX capability limitation under the given resource  reservation in the other c arriers.      FFS details, e.g., the carrier resource selection order should consider PPPP of  transmission  and CBR .      Option 1 - 2: If the per - carrier independent resource selection leads to transmissions  beyond the TX capability of the UE in a subframe, UE re - does   resource reselection within  the given reported candidate resource set until the resultant transmission resources can be  supported by the UE.      FFS: whether  it is up to UE implementation      FFS details, e.g., the carrier resource selection order should consider   PPPP of  transmission and CBR.      Option 2: After performing the per - carrier independent resource selection, the UE shall  drop transmission in a subframe where using that subframe exceed its TX capability  limitation.       FFS details of dropping rule, e.g., wheth er/how to consider PPPP and CBR      FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of  resource selection        Down - select one combination among the followings:      Option 1 - 1 for (a), (b), and (c)      the UE shall drop transmission in a sub frame where using that subframe is  beyond TX capability with (d)      Option 1 - 1 for (a), (b), and (c)      UE re - does resource reselection within the given reported candidate resource set  until the resultant transmission resources fulfill TX capability with (d)      Opt ion 1 - 2 for (a), (b), and (c) + Option 2 for (d)      Option 1 - 1 for (a), (b), (c), and (d)      Option 1 - 2 for (a), (b), (c), and (d)      Option 2 for (a), (b), (c), and (d)    
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· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 

· (a) Number of TX chains smaller than the number of configured TX carriers or

· (b) UE doesn’t support the given band combination or

· (c) TX chain switching time or


· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance


· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.


· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.


· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.


· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.


· FFS: whether it is up to UE implementation


· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.


· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 


· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR


· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection


· Down-select one combination among the followings:


· Option 1-1 for (a), (b), and (c)


· the UE shall drop transmission in a subframe where using that subframe is beyond TX capability with (d)


· Option 1-1 for (a), (b), and (c)


· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)


· Option 1-2 for (a), (b), and (c) + Option 2 for (d)


· Option 1-1 for (a), (b), (c), and (d)


· Option 1-2 for (a), (b), (c), and (d)


· Option 2 for (a), (b), (c), and (d)
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Agreement      Confirm the following working assumption made in RAN1#90bis meeting with the following  update:      For a given MAC PDU, RAN1 assumes that a single carrier is provided by higher layer  for its transmission.       From RAN1 perspective, the following factors   can be taken into account for TX carrier  selection.          CBR      UE capability (e.g. number of TX chains, implementation related aspects such as  power budget sharing capability, TX chain retuning capability)      For a given MAC PDU, a single carrier is used for tran smission and potential  retransmission of this MAC PDU.      From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC  PDUs of the same sidelink process at least until resource reselection is triggered for that  same sidelink process   based on Rel - 14 triggering conditions and, if any, new Rel - 15  triggering conditions.      Note that the UE is not precluded to switch transmission chains between  component carriers for different sidelink processes.    
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· Confirm the following working assumption made in RAN1#90bis meeting with the following update:

· For a given MAC PDU, RAN1 assumes that a single carrier is provided by higher layer for its transmission. 


· From RAN1 perspective, the following factors can be taken into account for TX carrier selection.  


· CBR


· UE capability (e.g. number of TX chains, implementation related aspects such as power budget sharing capability, TX chain retuning capability)


· For a given MAC PDU, a single carrier is used for transmission and potential retransmission of this MAC PDU.


· From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions and, if any, new Rel-15 triggering conditions.


· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes.



