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Introduction
In RAN1 #91 meeting [1], the following agreements were achieved for CA:
	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 RAN1 #92 meeting [2], the following agreements were achieved for CA:
	Agreement: 
· 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


In RAN1 #92bis meeting [3], the following agreements were achieved for CA:
	Agreement: 
· 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 priority packets.
· If there is overlap in one TTI of same priority packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
· In case of conflict with uplink transmission, Rel-14 rules are used with respect to uplink transmissions


This contribution is revised from R1-1803723[4].
In this contribution, we will further discuss the remaining details about carrier aggregation for PC5 mode4.
Details of resource selection enhancements for limited TX capability
In RAN1 #92 meeting, it is agreed that option 1-1 is used for (a), (b) and (c) while option 1-2 is used for the others. However, option 1-1 and option 1-2 are just described in principle and there are several details to be further discussed.
1.1. The carrier resource selection order
Considering the carrier resource selection order, there are mainly two cases.
· Case 1: The resource selection requests don’t occur at same subframe.
Firstly, when the resource selection requests don’t occur at the same subframe, the carrier resource selection order should follow the occurring time of the resource selection request in different carriers. Otherwise, if PPPP or other factor is used to determine the resource selection order, the earlier resource selection carrier may be triggered to reselect resource frequently. Therefore, the occurring time of the resource selection request is preferred to determine the carrier resource selection order. Furthermore, when the later resource selection carrier performs resource selection, the results of earlier resource selection carriers should be considered as the actual transmission in the subframe. 
· Case 2: The resource selection requests occur at same subframe.
The other case is that several resource selection requests occur simultaneously. In this situation, PPPP of transmission should be the first rule. The carrier for higher priority packet transmission should be preferred to perform resource selection. While if the transmissions have the same PPPP, the CBR should be used for determining the carrier resource selection order. Furthermore, since the carrier with higher CBR is more congestive and the resource is more difficult to be selected, it is preferred to select resource for the higher CBR carrier.
Proposal 1: The carrier resource selection order can be as following:
· When the resource selection requests don’t occur at same subframe, the carrier resource selection order should be determined by the resource selection request arriving time order;
· When the resource selection requests occur at same subframe, the carrier resource selection order should be determined by PPPP of transmission firstly and then by the CBR for the transmission with same PPPP;
· The carrier with higher CBR should be prioritized.
1.2. The details of option 1-1 
For option1-1, it should be clarified that the enhanced exclusion procedure should be performed by the MAC layers. 
Firstly, based on the RAN1 #91 meeting agreements, the enhanced exclusion procedure is performed in the reported candidate resource set when the UE performs the resource selection for a certain carrier. Since the resource selection is performed by the MAC layer, the enhanced exclusion procedure should also be performed by the MAC layer.
Secondly, if the additional exclusion is done by the PHY layer, the PHY cannot get full resource reservation information but only the reserved TX resource information related to the occurred transmission. While for the simultaneous arriving resource selection requests, when resource exclusion is performed for lower-priority order carrier, the PHY layer does not know the carrier resource selection order and the selected TX resource in higher-priority order carrier. Therefore, PHY layer cannot know how to exclude the subframes in lower-priority carrier. However, the MAC layer knows the carrier resource selection order and all the reserved and selected resources of all the aggregated carriers and then can perform the additional exclusion.
Based on the above analysis, since MAC layer shall do additional exclusion procedure anyhow, we prefer to perform additional exclusion procedure in MAC layer.
Proposal 2: The additional exclusion procedure of option 1-1 should be performed by the MAC layer.      
Then in resource selection procedure, each subframe with the candidate resource should be iterated and estimated whether the transmissions exceeds the UE's limited TX capability if resource is selected in the subframe. Since the resource selection is performed carrier by carrier, the selection results of earlier resource selection carrier should be considered as the actual transmission in the subframe when the current carrier does resource selection.
For case (a), if the estimating TX number in one candidate subframe is more than the TX chain number, the subframe should be excluded.
For case (b), according to RAN4 LS reply on resource selection for Mode-4 sidelink CA[3], there is no intra-band non-contiguous scenario till now in RAN4 and very large MPR is expected if the PA is shared between non-contiguous carriers based on analysis results in legacy intra-band non-contiguous CA in LTE. In this situation, if the estimating simultaneous transmissions occur in non-contiguous carriers in one candidate subframe, the subframe should be excluded.
 For case(c), according to RAN4 LS [5]:
· For intra-band PC5 CA:
· TX RF LO needs to be retuned to support transmission at other carriers and up to 200us TX RF retuning time is needed.
· For inter-band PC5 CA:
· Since there is only one band specified for PC5 which is Band 47 so inter-band PC5 CA is not available from RAN4 point of view. However, the switching time for inter-band CA depends on UE implementation and can take 0us, 30us, 100us, 200us, 300us, 500us, 900us. Inter-band interruption time needs more discussion.
Based on the above RAN4 LS, it can be concluded that 200us retuning time for intra-band case and 900us switching time for inter-band case are needed if TX switching is performed, which means one subframe should be used for performing TX switching. As illustrated in figure 1, for a UE with one TX chain, the UE has selected the TX subframe in carrier 1, and performs resource selection in carrier 2. If the subframe before the Carrier 1 TX subframe is selected for transmission in carrier 2, there is no sufficient time to switch the TX chain from Carrier 2 to Carrier 1 after transmission in carrier 2 is performed. On the other hand, if the subframe after the Carrier 1 TX subframe is selected for transmission in carrier 2, there is still no sufficient time to switch the TX chain from Carrier 1 to Carrier 2 after the transmission in Carrier 1. Therefore, for a subframe in which the TX number in the other carriers is equal to the TX chain number, the subframes before and behind the TX subframe should be excluded in the resource selecting carrier. 


Figure 1 Subframe exclusion case for TX switching
Proposal 3: The details of exclusion procedure in option 1-1 should be supported as follows:
· If the estimating TX number in one candidate subframe is more than the TX chain number, the subframe should be excluded.
· If the estimating simultaneous transmissions occur in non-contiguous carriers in one candidate subframe, the subframe should be excluded.
· From the TX switching aspects, the subframes before and behind the TX subframe should be excluded in the resource selecting carrier.
Furthermore, since the above mentioned exclusion is performed by the MAC layer within the reported candidate resource set, the real available candidate resources would be less than 20% of the total candidate resources. As a result, the randomization of the selected transmission resource would be impacted due to the reduction of the selectable candidate resources, and then the impacts of resource collision and half duplex may increase.
Observation 1: The randomization of the transmission resource would be impacted due to the additional exclusion and the reduction of the selectable candidate resources within the reported candidate resource set, and the impacts of resource collision and half duplex may increase.
1.3. The details of option 1-2
Option 1-2 is used for the other case of UE's limited TX capability. In Rel-14 V2X, if the HARQ retransmission number is 1, once one of the selected resources cannot meet the RF requirements, both of the selected resources should be reselected. 
Besides that, there is a potential problem in option 1-2 is that when selecting transmission for a lower latency packet (e.g. 10ms), it would run into the endless loop of re-doing resource reselection because there is no sufficient available resource. In order to avoid the endless loop, a termination mechanism should be introduced with (pre)configuring a resource selection counter. With the decrement resource selection counter by 1 for each time of resource reselection, when the resource selection counter is equal to 0, the reselection loop should be terminated immediately.
Proposal 4: An iteration counter for UE performing resource selection in option 1-2 could be introduced to avoid the endless loop.
Remaining issues of carrier aggregation mode 4
Besides the power sharing principles agreed in RAN1 #92bis meeting, the solution to avoid overmuch power sharing in one subframe should also be considered. For the subframe in which the simultaneous TX number does not exceed the TX chain number, TX power may not be sufficient for each transmission because of power sharing. In this situation, the transmission reliability would be degraded significantly. In order to ensure the reliability of transmission, an additional parameter of maximum simultaneous TX number could be configured. Based on this configured parameter, when a UE performs resource selection procedure in a certain carrier, the subframe should be excluded from the reported candidate resource set if it exceeds the configured maximum simultaneous TX number. Furthermore, in order to avoid significant performance degradation, the maximum simultaneous TX number could be 2.
Proposal 5: In order to ensure the reliability of simultaneous transmission, maximum simultaneous TX number could be (pre-)configured to aid resource exclusion condition of option 1-1:
· When a UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if it exceeds the configured maximum simultaneous TX number.
· The maximum simultaneous TX number could be 2.
Conclusion
In this contribution, the issues for carrier aggregation in PC5 are discussed. Particularly, we have following observations and proposals:
Proposal 1: The carrier resource selection order can be as following:
· When the resource selection requests don’t occur at same subframe, the carrier resource selection order should be determined by the resource selection request arriving time order;
· When the resource selection requests occur at same subframe, the carrier resource selection order should be determined by PPPP of transmission firstly and then by the CBR for the transmission with same PPPP;
· The carrier with higher CBR should be prioritized.
Proposal 2: The additional exclusion procedure of option 1-1 should be performed by the MAC layer.      
Proposal 3: The details of exclusion procedure in option 1-1 should be supported as follows:
· If the estimating TX number in one candidate subframe is more than the TX chain number, the subframe should be excluded.
· If the estimating simultaneous transmissions occur in non-contiguous carriers in one candidate subframe, the subframe should be excluded.
· From the TX switching aspects, the subframes before and behind the TX subframe should be excluded in the resource selecting carrier.
Observation 1: The randomization of the transmission resource would be impacted due to the additional exclusion and the reduction of the selectable candidate resources within the reported candidate resource set, and the impacts of resource collision and half duplex may increase.
Proposal 4: An iteration counter for UE performing resource selection in option 1-2 could be introduced to avoid the endless loop.
Proposal 5: In order to ensure the reliability of simultaneous transmission, maximum simultaneous TX number could be (pre-)configured to aid resource exclusion condition of option 1-1:
· When a UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if it exceeds the configured maximum simultaneous TX number.
· The maximum simultaneous TX number could be 2.
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