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Introduction
In RAN1 #90bis meeting [1], the following agreements were achieved for CA:
	Working assumption:
· 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. 
· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes

Note that companies can bring contributions on new triggering conditions for resource (re) selection

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

Agreement: send LS to RAN4 (Alex-Intel) (R1-1719158, which is endorsed and approved in R1-1719159)  to ask their inputs of the following:
· Switching time for intra-band and inter-band due to TX switching and interruption time at the receiver
· Feasibility of simultaneous transmission on intra-band, non-contiguous carriers. RAN1 requests feedback of impact of MPR and maximum psd imbalance between carriers.



In this contribution, we will further discuss the above issues about carrier aggregation for PC5 mode4.
Issues of triggering conditions 
In RAN1 #90bis, 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.
For parallel transmissions of independent packets, there is no additional impact. While 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, which is similar to the dispersed case illustrated in R1-1717789[2] and figure 2. The simulation assumptions and evaluated cases are shown in the appendix.


Figure 1: The half duplex impact caused by the inconsistency of resource reselection triggering
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Figure2: The PRR degradation caused by the inconsistency of resource reselection triggering and the half duplex impact 
Observation 1: The inconsistency of resource reselection triggering can cause more serious half duplex impact and more significant PRR degradation.
In the current specification TS 36.321, the following triggering conditions are specified.
(1)	if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESLECTION_COUNTER was equal to 1 the MAC entity randomly selected, with equal probability, a value in the interval [0, 1] which is above the probability configured by upper layers in probResourceKeep; or
(2)	if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second; or
(3)	if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or
(4)	if there is no configured sidelink grant; or
(5)	if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in maxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU; or
 (6)	if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU; or
 (7)	if a pool of resources is configured or reconfigured by upper layers
For the current triggering condition (1), the triggering in each carrier would be performed independently because of the probResourceKeep and different SL_RESOURCE_RESLECTION_COUNTERs. For parallel transmissions of segmented packets, once one carrier is triggered to reselect resources, the other carriers with the same TX subframes should be triggered at the same time. A potential solution is to configure the UE specific probResourceKeep of 0 and set the same SL_RESOURCE_RESELECTION_COUNTER to the carriers with the same TX subframes when selecting resources.
For the current triggering conditions (2) and (3), the arrival, interruption and accomplishment of the segmented packet transmissions are aligned. Hence it is unnecessary to make any change in the triggering conditions (2) and (3).
The triggering condition (4) is for the initial packet arrival and all the segmented packet would arrive at the same time. Then resource selection would be triggered simultaneously. For triggering condition (4), no change is needed.
The triggering condition (5) is related to three situations as follows.
· Situation 1: The packet payloads are fixed while the CBR is changed by the channel changes. The current handling is up to UE implement like dropping the transmission.
· Situation 2: The original packet payloads before segmented are changed.
· Situation 3: CBR changes causes the MCS range changed and the RLC SDUs cannot be accommodated by using the maximum allowed MCS.
The situation 1 cannot lead to the resource reselection but transmission dropping. 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.
The situation 2 and 3 can trigger the carriers reselect resource independently. Therefore, the joint triggering condition should be considered. It means for carriers with the TX subframes aligned, if one carrier is triggered to reselect resource, the others also should be triggered.
For the triggering condition (6), if the logical subframe configurations are not aligned, the triggering can be performed independently. The solution to achieve the coincident triggering is to set the same logical subframe configurations.
For the triggering condition (7), the resource pool can be re-configured independently but the reconfiguration cannot happen frequently. However, in order to avoid the more serious half duplex impact, this triggering condition also should be enhanced.
Based on the above analysis, it can be observed that the current triggering conditions (1), (5), (6) and (7) need to be enhanced. 
Proposal 1: 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 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 2: The triggering condition of carrier reselection should be supported, at least for the congestion carrier.
Enhancements of resource selection to reduce the CA half-duplex impact
One detail should be clarified firstly is the TX subframe handling in resource selection for multiple carriers. For the intra-band CA, when UE do transmission in one carrier, reception operation cannot be performed in all the component carriers and no sensing results can be got. As a result, all the TX subframes should be treated as the skip subframes when selecting TX resources. 


Figure 3: The TX subframe handling in other carriers in the resource selection procedure
From the observations in R1-1717789[2], the introduction of carrier aggregation in PC5 will potentially bring the extra half-duplex impacts and more skip subframes if each carrier performs resource selection separately. According to the simulation results in R1-1717789[2] the PRR performance is degraded with the increasement of aggregated carries, the shortening of resource selection window and the increasement of congestion level with the low latency. As a result, solutions to reduce the half-duplex impact of introducing V2X CA should be further studied, especially for the high load scenarios.
In order to reduce the half-duplex impact of V2X CA, it is necessary to enhance the resource selection procedure to reduce the number of TX subframes. In section 2.2 of R1-1717789[2] and figure 2, the evaluation results of methods to reduce the number of TX subframes are illustrated. 
Using the centralized TX subframe selection method as illustrated in figure 4, all the TX subframes can be centralized. Comparing with the single carrier case, all the additional half duplex impact can be eliminated. 


Figure 4: The centralized TX subframe selection
While for the centralized with 2 carriers grouped TX subframe selection method as illustrated in figure 5, at least half of additional half duplex impact can be eliminated.


Figure 5: The centralized with grouping TX subframe selection
From the evaluation results in figure 2, it can be observed that the two methods based on the principle of reducing the number of TX subframes are effective.
Proposal 3: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported.
Issues of simultaneous TX and the TX power budget constraint
Firstly, the maximum number of simultaneous TXs cannot exceed UE’s TX capability. Then there are mainly two cases with considering simultaneous TX and the TX power budget constraint.
· Case 1: Packets with same priority
· Case 2: Packets with different priorities
For case 1, the representative example is transmissions of segmented packets. Definitely the simultaneous transmissions can reduce the number of TX subframes and the half-duplex impact. The TX power should be divided equally and the key to ensure the performance is the maximum number of simultaneous TXs. From the receiver’s perspective, the power sharing makes both the desired signal and the interference signal reduced. Therefore, in the short distance between RX UE and TX UE, the reduction of interference would bring the performance gain. However, when the distance increases and the TX power sharing impact becomes more significant, the performance would decrease. Thus the maximum number of simultaneous TXs should be further studied considering the RX performance within a certain communication range. The resource selection procedure can be affected by this power budget constraint.
Observation 2: For transmissions of packets with same priority, the TX power should be divided equally and the power budget constraint of the maximum simultaneous TX number is the key factor to the performance. 
For case 2, the power adjusting should be performed firstly. If the summation of all available adjusted TX power in each carrier exceeds[image: ], the intuitive method to drop the transmission(s) of lower priority packet(s) should be considered. However, dropping packets causes the performance degradation and the operation should be restricted. 
Proposal 4: The following TX power budget constraint should be supported:
· The maximum number of simultaneous TXs cannot exceed UE’s TX capability.
· For transmissions of packets with the same priority, TX power should be divided equally and the maximum number of simultaneous TXs should ensure the RX performance within a certain communication range.
· For transmissions of packets with different priorities, the TX power adjusting and the transmission dropping of the lower priority packet(s) could be performed.
Solution of resource selection enhancements
For parallel transmissions of segmented packets, to achieve the centralization of TX subframes in different carrier and consider simultaneous TX and the TX power budget constraint, the following operation should be performed:
· For a given packet, mode 4 carrier and resource selection follows:
· Step 0: the set of candidate carriers for transmission(s) is provided
· Step 1: For a MAC PDU corresponding to the packet, UE selects a subset of the carriers for actual transmission(s) within the carrier set determined in step 0 
· Step 2: UE performs the resource reservation and sensing based resource exclusion on the carriers selected in the step 1
· Step2-1: the skip subframe handling
· Step2-2: the reserved and occupied resource exclusion indicated by the decoded SAs 
· Step2-3: after the exclusion, if the ratio of remaining resources is equal to or higher than the threshold of 20%, the step 2 is end; otherwise the step 2-1 and 2-2 should be repeated with the PSSCH-RSRP threshold increased by 3dB until the ratio of remaining resources is equal to or higher than the threshold.
· Step 3: UE ranks the S-RSSI and selects the transmission resources
· Step3-1: the S-RSSI ranking of the remaining resources, then the 20% resources of lowest RSSI makes up the available resource set.
· Step3-2: if overlapping the resource selected by the simultaneous other packets in the time domain, move the available resource to the prioritized resource subset.
· Step3-3: random select the resource in the prioritized resource subset.
· Step3-4: if the simultaneous TX number in one subframe exceeds [X], repeat step 3-3; then resource selection is end.
· Step3-5: if step 3-3 is repeated for [Y] times, random select the resource in the available resource set that excluding the prioritized resource subset.
· FFS the value of [X] and [Y].
1. 
2. 
1.1. 
Reliability issues in V2X CA operation
The segmented packet transmission is to increase the high data rate which is not achieved in Rel-14 and is the basic motivation of CA. But the segmented packets cannot be treated as the independent MAC PDUs because successful combination of the related segmented packets determines whether all the transmissions are correct reception. It means once any one of the segmented packet is failed in decoding, it is useless even that all other ones are decoded successfully. Therefore, both the reliability of PSSCH and PSCCH shall be improved. Transmission diversity mechanism could improve the reliability of PSSCH and PSCCH. However, with the consideration of the extreme reliability requirement in eV2X use cases (e.g. 99.999%) [4], the extra mechanism to improve the reliability shall be considered in Rel-15 V2X.
Proposal 5: Both the reliability of PSSCH and PSCCH shall be improved if a lager packet is segmented into multiple MAC PDUs. 
1.2. Improvement of PSSCH reliability 
In order to maintain the same reliability of a large packet as that in Rel-14, where the large packet is segmented into multiple MAC PDUs, each MAC PDU shall be more robustness than Rel-14 MAC PDU. Therefore, some mechanism shall be introduced to improve the reliability of each segmented MAC PDU, e.g. introducing extra re-transmission number for each MAC PDU. 
1.3. Improvement of PSCCH reliability
In order to improve the reliability of PSCCH, there are two options to be considered:
· Option 1: Lower coding rate for PSCCH, for example, enlarging the 2 PRB pairs to 4 PRB pairs for each PSCCH transmission.
· Option 2: Introducing cross carrier scheduling to provide extra redundancy for PSCCH, as discussed in [3], an associated New SA could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
Both options can improve the PSCCH reliability. Comparing to option 2, option 1 will introduce larger resource consumption and not be compatible with Rel-14 UE. Option 2 can be compatible with legacy UE, since legacy PSSCH are still transmitted in each carrier. Furthermore, option 2 can provide an opportunity that a UE can directly decode other packets on the other carriers through the New SA, even if the PSCCH on other carriers cannot be decoded successfully. From the resource efficiency and scheduling flexibility aspects, the option 2 is preferred.
Proposal 6: Introducing cross carrier indication to provide extra redundancy for PSCCH, an associated New SA indicating the PSSCH resources in other carriers could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
Conclusion
In this contribution, the issues for carrier aggregation in PC5 are discussed. Particularly, we have following observations and proposals:
Observation 1: For The inconsistency of resource reselection triggering can cause the more serious half duplex impact and the more significant PRR degradation.
Proposal 1: 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 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 2: The triggering condition of carrier reselection should be supported, at least for the congestion carrier.
Proposal 3: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported.
Observation 2: For transmissions of packets with same priority, the TX power should be divided equally and the power budget constraint of the maximum simultaneous TX number is the key factor to the performance. 
Proposal 4: The following TX power budget constraint should be supported:
· The maximum number of simultaneous TXs cannot exceed UE’s TX capability.
· For transmissions of packets with the same priority, TX power should be divided equally and the maximum number of simultaneous TXs should ensure the RX performance within a certain communication range.
· For transmissions of packets with different priorities, both the TX power adjusting and the transmission dropping of the lower priority packet(s) could be performed.
Proposal 5: Both the reliability of PSSCH and PSCCH shall be improved if a lager packet is segmented into multiple MAC PDUs. 
Proposal 6: Introducing cross carrier indication to provide extra redundancy for PSCCH, an associated New SA indicating the PSSCH resources in other carriers could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
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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; 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; 20 ms latency

	Number of transmission(s) per packet
	2

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

	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: RANDOM，which means that the TX subframes in virtual carriers are random selected
· Option 2: DISPERSED, which means that each TX subframe is different from that of other carriers
· Option 3: CENTRALIZED, which means that all the TX subframes in virtual carriers are the same as that in real carrier, and the transmission power of each carrier is equal divided
· Option 4: CENTRALIZED with GROUPING, this option is a variation of option 3,which makes two carrier grouped and  transmit at the same subframe
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 as the baseline
· The PRR performance of the sensing + SPS carrier for the multiple carrier case
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