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Introduction
In RAN1 #91 meeting [1], the following agreements were achieved for CA:
	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 transmission and potential retransmission of this MAC PDU.
· [bookmark: _Hlk499860442]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.

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 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 contribution, we will further discuss the above issues about carrier aggregation for PC5 mode4.
Issues of the new triggering condition 
1.1. The triggering condition of carrier reselection
In current specification, all resource (re)selection triggering conditions are for the single carrier. If the congestion level in any carrier becomes higher, the carrier may be not suitable for the packets transmission considering the reliability, whether the dropping of transmission occurs or the resource reselection triggers. For parallel transmission of segmented packets, once any one segmented packet is dropped in the congestion carrier, it is useless for the large packet combination even that all other ones are decoded successfully. In this situation, the carrier reselection should be triggered in order to provide a non-congestion carrier, which is a potential solution for congestion control in V2X CA.
Proposal 1: The triggering condition of carrier reselection should be supported, at least for the congestion carrier.
1.2. The new triggering conditions of resource reselection
In RAN 1 #91 meeting, it is assumed that 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. However, it does not preclude some necessary new triggering conditions.


Figure 1: The half duplex impact caused by the inconsistency of resource reselection triggering
For parallel transmissions of segmented packets, if the triggering time in each aggregated carrier cannot be aligned, it would cause the performance degradation. For example, if one carrier is triggered to reselect the resource, the subframe with the newly selected resource becomes the skip subframe of other carrier if they are intra-band aggregation.  Then the related subframe in resource selection window cannot be selected by a carrier which has a later resource reselection trigger. It leads to the more significant half-duplex impact as illustrated in figure 1.
Observation 1: The inconsistency of resource reselection triggering can cause more serious half duplex impact and more significant PRR degradation.
Based on the above analysis, for the current triggering conditions that can lead to independent resource reselection triggering as analyzed in R1-1720158[2], additional triggering conditions should be supported. Firstly, the joint trigging should be supported, which means for carriers in which the transmissions are performed simultaneously, if one of the carriers is triggered to reselect the carrier or the transmission resource, the other carriers should be also triggered reselection. The other solution should be considered is to perform additional handling to achieve the coincident triggering. For instance, configuring a UE specific probResourceKeep and selecting the same SL_RESOURCE_RESELECTION_COUNTER for each segmented packet transmission process. 
Proposal 2: For the parallel transmission of segmented packets in multiple carriers, the new triggering conditions of resource reselection should be supported in order to reduce the half-duplex impact.
· For carriers in which the TX subframes are aligned, if one carrier is triggered to be reselected or to reselect resource, the others also should be triggered.
· For carriers in which the TX subframes are aligned, additional handling should be further studied by RAN1 in order to achieve the coincident triggering.
Discussion on the resource selection solutions considering UE's limited TX capability
In RAN1 #91 meeting, four cases of UE's limited TX capability are summarized as follows:
· (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 case (a), the limitation is that the simultaneous TX number cannot exceed the TX chain number. If resource selection is performed independently, the simultaneous transmissions would randomly occur with a probability which is not extremely low. The resources that can lead to the situation that the simultaneous TX number exceeds the number of TX chains can be estimated.
For case (b), if the given band is not supported by the resource selecting UE, the related resources cannot be used and should be excluded firstly.
For case (c), in some subframes, when the simultaneous TX number is equal to the UE's TX chain number, TX switching should be performed and subframes which are adjacent with the above mentioned subframe should be used for TX switching or retuning and not be used for transmissions. The resources that should be used for TX switching can also be estimated. According to RAN4 response LS for UE RF bandwidth adaptation in NR [3], the transition time (RF aspects) at least for sub-6GHz can be: Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation, 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation and up to 900 µs for inter-band operation. For the last 2 cases, we assume that at least 1 subframe for TX switching time is used.
For case (d), PSD imbalance is related with the RF parameters and it can be determined after the TX resource is selected and the location of PRBs is determined. As a result, when resource exclusion is performed, UE cannot learn about the PSD imbalance condition. 
From the performance aspects, the candidate solution of option 2 should not be supported. It is because transmission dropping can directly cause the performance degradation and the above cases would happen frequently if UE has the limited TX capability.
For option 1-1, the solution is efficient for case (a), (b) and (c), in case that parallel transmissions are performed for independent packets, which do not arrive in the same time. However, for parallel transmissions of segmented packets which arrive in the same time, this solution can only help to exclude the subframes considering the already used TX resources of other independent packets but not to exclude the subframes that would cause transmissions exceeding UE's TX capability limitation of the simultaneously arrived packets. That is because when performing the resource exclusion before reporting the candidate resource set, the UE cannot learn about the TX resources in other carriers for transmission the segmented packets. In this situation, when selecting the TX resources in the candidate resource set, the joint resource selection should be performed with additional handling considering the case (a), (b) and (c).
For option 1-2, the impact for performance is similar to that of option 1-1. However, it cannot ensure the unavailable resource to be excluded efficiently but to do the resource selection operation with multiple loops, which may spend much more time in selection TX resources, especially for the low latency service.
Therefore, for case (a), (b) and (c), option 1-1 is preferred with addition handling in reselection procedure in the reported candidate resource set. While for case (d), because the impact due to (d) cannot be excluded before reporting the candidate resource set, UE can re-do resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d).
Proposal 3: The following solution combination should be supported:
· Option 1-1 for (a), (b), and (c) for resource selection of the independent packet
· For resource selection of simultaneously arrived packets, when selecting the TX resources in the candidate resource set, the joint resource selection should be performed considering the case (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)
Enhancements of resource selection considering other aspects
Considering the half duplex impact, some enhancements on resource selection procedure should be also supported.
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3-1 Highway 140km/h scenario with 100ms packets and 20ms latency
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3-2 Highway 70km/h scenario with 100ms packets and 100ms latency

	[image: ]
3-3 Highway 140km/h scenario with 100ms packets and 100ms latency
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3-4 Highway 70km/h scenario with 100ms packets and 100ms latency
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3-5 Highway 140km/h scenario with 20ms packets and 20ms latency


Figure 3: PRR with the single carrier and 4 carriers in highway 140km/h scenario with 100ms packets, 20ms packets, and highway 70km/h scenario with 100ms packets
In the contribution R1-1717789[4], system level simulation results are illustrated and it can be observed that half duplex impact can cause the degradation of system performance. At the other side, adopting the enhanced resource selection solution can reduce the performance loss caused by half duplex impact to make two transmissions perform simultaneously. However, we did not consider the MPR impact by the simultaneous transmission in multiple carriers. In the current specification TS 36.101[5], for V2X band 47, MPR of two simultaneous TXs is up to 3dB. Therefore, we update the simulation results with the consideration of 3dB MPR. The simulation results are illustrated in figure 3. It can be observed that the enhanced resource selection solution can reduce the performance loss and the trend of the curves is similar with that of the old ones in R1-1717789 [4].
Proposal 4: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported, in order to reduce the performance loss caused by the half duplex impact.
Another issue that should be considered is the TX power budget constraint, which is not only related to the limited TX capability UE but also to the higher TX capability UE. For subframes in which the simultaneous TX number does not exceed the TX chain number, if the more simultaneous TXs are added, TX power for each transmission may not be sufficient. Therefore, a maximum TX number considering power sharing should be configured and when resource selection procedure is performing, the TX power sharing should be estimated. 
Proposal 5: Considering the power sharing of simultaneous TX, an additional parameter of a maximum simultaneous TX number should be configured as a resource exclusion condition in the resource selection procedure.
Conclusion
In this contribution, the issues for carrier aggregation in PC5 are discussed. Particularly, we have following observations and proposals:
Proposal 1: The triggering condition of carrier reselection should be supported, at least for the congestion carrier.
Observation 1: The inconsistency of resource reselection triggering can cause more serious half duplex impact and more significant PRR degradation.
Proposal 2: For the parallel transmission of segmented packets in multiple carriers, the new triggering conditions of resource reselection should be supported in order to reduce the half-duplex impact.
· For carriers in which the TX subframes are aligned, if one carrier is triggered to be reselected or to reselect resource, the others also should be triggered.
· For carriers in which the TX subframes are aligned, additional handling should be further studied by RAN1 in order to achieve the coincident triggering.
Proposal 3: The following solution combination should be supported:
· Option 1-1 for (a), (b), and (c) for resource selection of the independent packet
· For resource selection of simultaneously arrived packets, when selecting the TX resources in the candidate resource set, the joint resource selection should be performed considering the case (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)
Proposal 4: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported, in order to reduce the performance loss caused by the half duplex impact.
Proposal 5: Considering the power sharing of simultaneous TX, an additional parameter of a maximum simultaneous TX number should be configured as a resource exclusion condition in the resource selection procedure.
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Appendix: Evaluation assumptions
In this contribution, the evaluation assumptions for half-duplex impact of CA are provided in the following table. 
Table A.1: Evaluation assumptions for half-duplex impact of CA
	Parameter
	Value

	Deployment scenario
	Highway 140km/h;
Highway 70km/h

	Traffic model
	Highway 140 km/h scenario:
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 100ms & 20 ms latency
· 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
Highway 70 km/h scenario:
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 100ms & 20 ms latency

	Number of transmission(s) per packet
	2

	Frequency allocation
	· SA: 2 PRB; QPSK
· Data: 20 PRB; QPSK

	MPR
	3dB

	System bandwidth for real carrier
	10MHz

	Number of carriers
	· Single carrier
· 4 carriers with one carrier performing the sensing + SPS procedure

	Evaluated cases
	Baseline: 
· Single carrier scenario, Rel-14 mechanism is performed
Carrier aggregation in PC5:
· Real carrier: Rel-14 mechanism is performed. 
· Virtual carrier Tx subframe configurations:
· Option 1: CENTRALIZED with 2 carriers GROUPING, this option is a variation of option 3,which makes two carrier grouped and  transmit at the same subframe
· Option 2: RANDOM，which means that the TX subframes in virtual carriers are random selected
NOTE: Only one carrier performing real data transmission and reception is called as “real carrier”. The other carriers in carrier aggregation are called as “virtual carriers” which don’t model the data transmission and reception operation. The virtual carrier is only used for constructing the virtual Tx subframe and modeling the half-duplex impacts to the real carrier.

	Performance metric used for comparison
	· The PRR performance of the single carrier
· The PRR performance of the sensing + SPS carrier for the multiple carrier case
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