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1 Introduction

In RAN1#91, the following agreements has been made on Mode 4 supoprt with PC5 CA:

· 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)

In this paper, we discuss further discuss the mode 4 impact with PC5 CA.
2 Mode 4 impact

2 Resource selection enhancement

In this section, we present our views on the FFS aspect in the agreements form RAN1 #91 on resource selection enhancements with CA.
Option 1-1 vs Option 1-2 vs Option 2:

First, we note that if no options are agreed, then Option 2 is the default behaviour that will be consistent with R14 specifications. Option 2 is however not preferred since it may lead to will force a UE with limited Tx capabilities to drop transmissions in case of a time-domain conflict. Hence Option 1-1 or Option 1-2 maybe preferred over Option 2.
Second, we note that both option 1-1 and option 1-2 will provide the same behaviour, and differ primary only in the specification impact. Option 1-1 will require RAN4 specification to uniquely identify the subframes on which the interruptions are allowed, and RAN1 and RAN2 specification to explicitly specific the set of available resources by removing the resource (i.e. on subframe tx) that follow from RAN4 specifications. Option 1-2, on the contrary, requires only MAC specification change simply add this scenario to the list of cases in which reselection is triggered. Due to specification impact, we prefer Option 1-2.
Proposal 1:  Option 1-2 for (a), (b), (c), and (d) is preferred due to its minimized RAN specification impact.
Carrier selection order for resource selection:
In case of Option 1-1 and Option 1-2, there is a FFS on consideration of carrier priority order for resource reselection. The UE performs independent resource selection / reselection on each carrier based on R14 procedures, and the enhancements in Option 1-1 and 1-2 were to further reduce the available set of resources based on the transmission on other carriers and the UE’s Tx capabilities. In this regard, carrier selection order is potentially needed only for the extreme corner case when the reselection is triggered simultaneous for more than one carrier, and the MAC PDUs for both those carriers arrive at the same time (since reselection is performed once the MAC PDU is available). Furthermore, the time instant in which MAC PDU is available is internal to the UE. It is hence unclear if we need to specify any rule for carrier selection order.

Hence, we propose to leave the carrier selection order to UE implementation since this is relevant only in an extreme corner-case, and for which even the timing of that event is internal to the UE.
Proposal 2: The carrier selection order is left up to UE implementation.
Prioritization in case of time-domain conflict for UEs with limited Tx capabilities:
In case of time-domain conflict of transmissions on multiple carriers that exceed UEs Tx capabilities (e.g. limited Tx chains or power budget sharing constraints), a prioritization rule is needed. It should be noted that this scenario can happen even with enhancements Option 1-1 or 1-2, and is moreover independent of resource reselection procedure and/or enhancements. For example, the scenario of time domain conflict beyond the UEs Tx capability can happen in the following cases (i) resource reservations on the two carriers do not conflict for every TTI, but only once every 500ms due to different periodicities, or (ii) power sharing with existing reservations may no longer be possible due to changes in transmit power arising from changes in CBR or pathloss to eNB, or (iii) corner-case of resource (re)selection still yields colliding resources in one or more TTIs, etc. Furthermore, in case of time domain conflict when the UE can perform the simultaneous transmissions (albeit with lower transmit power), specification clarification on power budget sharing is needed.

Thus, for the case when UE is not able to transmit simultaneously on multiple carrier due to limitation in available power and/or limited chains, then UE should prioritise transmission of higher PPPP packets. If there is overlap in one TTI of same PPPP packets in different carriers, then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.

Proposal 3: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 4: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
There were some proposals in RAN1#90bis and RAN1#91 that to reduce effect of half duplex issue, change resource selection mechanism, so that UE transmit simultaneously on all the configured carriers. In our view, such enhancements suffer from some key drawbacks: (i) simultaneous transmissions on intra-band non-contiguous carriers will not be supported in V2X per the WID, and (ii) simultaneous transmissions on intra-band contiguous carriers, while possible, also need a significantly higher power backoff to meet the emission requirements and will affect the range performance. Hence, we propose not to support such enhancements as it can have system level impacts.

Proposal 5: Do not support enhancements to resource (re)selection procedure that specifically align simultaneous transmissions on multiple carriers to be on the same TTI.
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Conclusion 

In this contribution, we discussed the impact to Mode 4 for PC5 CA: 

(Option 1-1 vs Option 1-2 vs Option 2)

Proposal 1:  Option 1-2 for (a), (b), (c), and (d) is preferred due to its minimized RAN specification impact.
(Carrier selection order for resource selection)
Proposal 2: The carrier selection order is left up to UE implementation.
(Prioritization in case of time-domain conflict for UEs with limited Tx capabilities)
Proposal 3: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 4: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
Proposal 5: Do not support enhancements to resource (re)selection procedure that specifically align simultaneous transmissions on multiple carriers to be on the same TTI.
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