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1. Introduction
In RAN1#91 and RAN1#92 meetings, the following agreements were made for Mode 4 support in carrier aggregation. 

	Agreement made in RAN1#91 meeting:

· 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.
· 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)

· RAN1 specification of CA for LTE-V2X will be also applicable to “reception over non-contiguous carriers”, which RAN1 considers to be useful, in some operations scenarios.

Agreement made in RAN1#92 meeting:

· Case (b) includes unsupported carrier combinations as well as band combinations

· For cases when limited tx capability the UE cannot support transmission(s) over carrier(s):

· The UE shall follow Option 1-1 for (a), (b), (c)

· Otherwise, the UE shall follow Option 1-2


This contribution provides our view on the remaining issues related to the resource selection procedure in Mode 4 CA.
2. Discussion 

In case of resource selection for Mode 4 CA, a UE with limited TX capability shall follow Option 1-2 for (d). However, for Option 1-2, when the UE performs resource selection for a certain carrier, it may lead to infinitely repeated resource reselections for the carrier within the given reported candidate resource set if the carrier has no available subframe satisfying a UE’s TX capability. This is not desirable from the aspect of specification completeness. Allowing a UE to skip resource selection for carriers with no available subframe could be one of possible solutions to resolve this issue.  
Proposal 1: When a UE with limited TX capability performs resource selection by following Option 1-2 for (d), it skips resource selection for a carrier with no available subframe that does not exceed its TX capability limitation.
When a UE with limited TX capability performs resource selection for a certain carrier (CC#X), it needs to determine which subframes are not available for CC#X due to its TX capability limitation, and such decision should be made taking into account the given reserved resources of the other carriers. However, according to [1], whether to keep using the existing reserved resource is determined based on the configured probability when SL_RESOURCE_RESELECTION_COUNTER is equal to 1. This means that when the UE determines whether using a subframe in CC#X exceeds its TX capability limitation, there could be ambiguity about the duration for which the current reserved resources of the other carriers are valid. The following Fig. 1 shows the example of this problem when a UE has TX capability of single carrier transmission. It is assumed that the UE performs resource selection for CC#X under the given resource reservation in CC#Y, and the resource reservation intervals for CC#X and CC #Y are 300ms and 200ms respectively. In this case, the UE cannot know clearly if using subframe #n+100 for CC#X exceeds its TX capability limitation because whether to continue using the current reserved resource for CC#Y will be decided at subframe #n+200 (based on the configured probability). One possible solution is that the UE assumes the current reserved resources of the other carriers (e.g., CC#Y) are infinitely valid. By doing so, the subframe of CC#X that exceeds the TX capability of the UE can be clearly excluded.
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Fig. 1

Proposal 2: Further discussion is necessary on how a UE with limited TX capability assumes the duration for which the current reserved resources of the other carriers are valid when it determines the subframe availability for a certain carrier.
Regarding the carrier resource selection order in consideration of PPPP and CBR, it is not clear what benefit can be achieved by this approach especially considering the relatively low probability that the resource reselections of multiple carriers are triggered simultaneously. In addition, the PPPP value at the time of performing the resource selection for a certain carrier may not be the highest priority on that carrier (e.g., when the packets with multiple PPPPs are transmitted on this carrier). So, the carrier resource selection order can be left up to UE implementation.
Proposal 3: The carrier resource selection order is left up to UE implementation.

We also need to discuss how to handle the power limited case (i.e., total power of simultaneous transmissions on multiple carriers is larger than UE’s power budget constraint) when the sidelink transmissions on multiple carriers are overlapped in time. For example, one possible solution is that the UE drop the transmission of packet with the lower PPPP value or reduce the transmission power of it so that the total transmission power (over the multiple carriers) does not exceed its power budget constraint. In case of simultaneous transmissions with the same PPPP value (on multiple carriers), it can be left up to UE implementation.
Proposal 4: To handle the power limited case when the sidelink transmissions on multiple carriers are overlapped in time, it can be defined that the UE drop the transmission of packet with the lower PPPP value or reduce the transmission power of it. In case of simultaneous transmissions with the same PPPP value (on multiple carriers), it is left up to UE implementation.

In order to mitigate the half duplex problem, there was a proposal of new resource selection to maximally overlap the TX subframes across carriers. At this moment, since its gain and complexity (either in the implementation side as well as the specification/test side) is not justified clearly, we slightly prefer not to introduce such enhancement.
3. Conclusion
In this contribution, it was discussed on the remaining issues related to the resource selection procedure in Mode 4 CA. The following proposals were made:
Proposal 1: When a UE with limited TX capability performs resource selection by following Option 1-2 for (d), it skips resource selection for a carrier with no available subframe that does not exceed its TX capability limitation.

Proposal 2: Further discussion is necessary on how a UE with limited TX capability assumes the duration for which the current reserved resources of the other carriers are valid when it determines the subframe availability for a certain carrier.

Proposal 3: The carrier resource selection order is left up to UE implementation.
Proposal 4: To handle the power limited case when the sidelink transmissions on multiple carriers are overlapped in time, it can be defined that the UE drop the transmission of packet with the lower PPPP value or reduce the transmission power of it. In case of simultaneous transmissions with the same PPPP value (on multiple carriers), it is left up to UE implementation.
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