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1 Introduction
Based on the progress in previous RAN1/RAN2 meetings, this contribution will give further detailed analysis for Tx carrier selection and provide some potential solutions.
2 Discussion
2.1 How to select a proper Tx carrier
In RAN2 #99bis meeting, the factors to be taken into account for Tx carrier selection were discussed, and it was confirmed that UE’s AS layer is aware of the frequencies configured by the upper layer for each V2X packet to be transmitted, as follow [1]:
	3: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.


Besides, RAN2 also agreed that [1]:
	5: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 eV2X.


Thus, in order to follow both the applicable frequencies provided by upper layer as well as the PC5 carriers actually (pre)configured in the AS layer, the candidate carrier frequencies considered for Tx carrier selection in the UE’s AS layer should be the intersection of the two. 
Observation 1: The candidate frequencies considered for Tx carrier selection in the AS layer should be the intersection of the applicable carrier frequencies indicated by the upper layer and the ones (pre)configured in the AS layer.
For how to properly select a specific Tx carrier frequency to use from these candidate ones, RAN2 agreed that CBR and PPPP were the two factors that should be considered [1]:

	Agreements:

1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.

2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.


From our point of view, the UE should strive to select the carrier frequency (ies) with lower congestion, which can be determined by comparing the actual CBR on each candidate carrier frequency with a (pre)configured CBR threshold, from all those candidate carrier frequencies that allowed to transmit a certain type of V2X service. This is to avoid congestion and thus increase transmission performance as much as possible. Since the transmission requirements (reflected by PPPP) of the V2X packets with different service types can be different, the CBR level affordable to transmit a V2X packet on a carrier frequency should also depend on the specific transmission requirement associated with the packet, meaning that the acceptable CBR level for the transmission with one PPPP can be different from that with another PPPP. Therefore, we think that it is reasonable to (pre)configure the CBR threshold that used for Tx carrier selection on each carrier frequency on a per PPPP basis. 
With the above considerations, we think a mapping between CBR threshold and PPPP can be (pre)configured for each carrier frequency on PC5. For the transmission with a certain PPPP, a carrier is allowed to be selected by the UE, if the actual CBR measured on the carrier is below the CBR threshold associated with that PPPP. 
Proposal 1: A mapping between CBR threshold and PPPP can be (pre)configured for each carrier frequency; for the transmission with a given PPPP, the UE is allowed to select a carrier, if  the actual CBR measured on this carrier is below the CBR threshold associated with that PPPP. 

However, if the Tx carrier selection mechanism only takes into account the factors that related to the transmission side, a mismatch problem will happen between the carriers selected by Tx UEs and those selected by Rx UEs with limited Rx capability and this problem would further lead to the reception missing of critical V2X packets by those limited-Rx-capability UEs. We use the following example as in Figure 1 to illustrate this problem, and also discuss something that may be further needed for Tx carrier selection by taking into account the presence of UEs with limited Rx capability. 
As shown in Figure 1, assume that UE1 and UE2 have the same type of V2X service to transmit, which is restricted to four applicable carrier frequencies, as indicated by the upper layer and actually supported by the eNB for this V2X service. Furthermore, UE3 and UE4 are in proximity of them and both interested in receiving this V2X service, where UE 3 has Rx capability to monitor 2 carriers and UE 4 has the Rx capability to receive 3. We further assume the CBR of each carrier frequency is below the associated CBR threshold (as in Proposal 1), i.e., all these four frequencies are usable for UE1 and UE2 to transmit the V2X packets.
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Figure 1: Potential issue for Tx carrier selection in presence of limited-Rx-capability UEs
Then, if only CBR and PPPP are taken into account for the Tx carrier selection, as shown in Figure 1, there may be the case where UE1 actually selects and sends V2X packets on F1 and F2, while UE2 does this on F3 and F4. Meanwhile, UE3 and UE4 may respectively choose to monitor {F3, F4} and {F1, F2, F3}. In the above case, even though both UE3 and UE4 open all their Rx chains to monitor as many carrier frequencies as they can, they still respectively miss all the UE1’s V2X messages (for UE3) and part of the UE2’s V2X messages (for UE4), due to the mismatch between the carrier frequencies selected by the Rx UEs and those selected by the Tx UEs. Besides, if the UE4 were interested in another service, it could have no more change to receive that service either, as even the concerned service as in the figure has not been completely received yet, not mentioning the contemporary reception of other services. 
Despite the specific case we assumed above, it should be noted that this “Tx-Rx” carrier mismatch problem will frequently happen and result in potentially plenty of reception missing, as long as the Tx carrier selection takes no care of UEs’ Rx capability for PC5 CA. This is obviously not acceptable. 
Observation 2: If Tx carrier selection is performed without consideration of the Rx capability of other UEs, mismatch between the carriers selected by Tx UEs and those selected by Rx UEs with limited Rx capability can frequently occur and lead these Rx UEs to miss V2X messages sent on some carriers.  

Thus, we think a proper Tx carrier selection mechanism should not only aim at a better performance for the transmission (e.g. higher data rate and/or reliability), but also reduce the monitoring complexity by taking into account Rx capability of the UEs in the network, considering that part of the UEs may have constraints on their reception capability. 

Proposal 2: The carrier selection mechanism from the Tx perspective should take into account the UEs with Rx chain limitation.

To address the above “Tx-Rx” mismatch problem, it was proposed in [2] to configure an explicit priority order for each frequency, and all Tx UEs and Rx UEs should select Tx/Rx carriers strictly according to the priority order. However, there was also some concerns in the previous meeting that this mechanism may unexpectedly enforce all UEs to select only the carrier with the highest priority and result in server congestion thereon, and thus significantly reduce the transmission performance and resource utilization due to the unbalanced usage of different carrier frequencies.
In order to balance the transmission performance and monitoring complexity, we think the Tx carrier selection can take into account an order for carrier selection together with CBR and PPPP, as a joint criteria. More specifically, a UE can be (pre)configured with a mapping between CBR threshold and PPPP, as well as a carrier selection order; when Tx carrier selection is triggered, the following two steps can be performed by the UE in principle:

· Step 1: From the candidate carrier frequencies (i.e. intersection of the applicable frequencies from the upper layer and the ones (pre)configured in AS) for the V2X packet(s) to be transmitted, determine the usable carrier frequencies according to the mapping between CBR threshold and PPPP.
· Step2: From the usable carrier frequencies determined in Step 1, choose the carrier ranking in the most front within the carrier selection order (pre)configured, and consider it as the selected carrier to transmit the V2X packet(s).

We use the example shown in Figure 2 to give a more specific illustration for the above Tx carrier selection mechanism. In this example, a V2X packet with PPPP1 is passed to the AS layer, and the applicable frequencies indicated by the upper layer are F1, F2, F3 and F5. On the other hand, the actual carrier frequencies that can be supported by the eNB to transmit the packets with PPPP1 are F1, F2 and F3. A mapping between PPPP and CBR threshold is configured for each of F1, F2 and F3. As for F1, if the PPPP of the transmission belongs to the list of {PPPP1, PPPP2}, the associated CBR threshold is 0.6 (meaning if CBR<0.6, F1 can be selected for transmission); whereas if PPPP equals to PPPP3, the associated CBR threshold is 0.7. The mapping for F2 and F3 are in the similar way, as in the figure. 
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Figure 2: the illustration of Tx carrier selection

Assume the Tx carrier selection procedure is triggered (note: how to trigger the procedure will be discussed in section 2.3); then UE’s AS layer can select a Tx carrier to transmit the available V2X packet with a logical description as follows:
· UE’s AS layer obtains the candidate carrier frequencies (i.e. {F1, F2, F3}), which are allowed to transmit the V2X packet, by picking up the intersection of the carrier frequencies indicated by the upper layer (i.e. {F1, F2, F3, F5}) and those configured in the AS layer by the eNB (i.e. {F1, F2, F3}) ;
· UE’s AS layer checks the latest CBR measurement results for each candidate carrier frequency and compares the CBR value with the CBR threshold associated with PPPP1, and determines the usable carrier frequencies are {F2, F3} and excludes F1 since its actual CBR (0.7) is above the configured threshold (0.6) associated with PPPP1;
· UE’s AS layer compares the ranking of F2 and F3 in the configured carrier selection order (i.e. last column in the table) and chooses F2 as the selected carrier frequency, since F2 ranks prior to F3.
As per the above description, the UE will exclude the heavy congested frequencies (i.e. F1) and only select the frequencies with acceptable CBR to transmit the V2X packet, and this results in higher transmission performance and better load balance effect compared with the solutions relying only on an explicit priority order for Tx carrier selection. 
On the other hand, this solution uses a system-level carrier selection order, instead of a UE-specific priority order, by integrating the order with CBR and PPPP. Even though this solution prevents each individual Tx UE from selecting some carrier frequencies ranking in the front, due to the occurrence of heavy congestion, from a system perspective, the carrier frequencies used to transmit each specific V2X service are still selected in order. As a result, the carrier frequencies actually used for transmitting a certain type of V2X service can be concentrated to the carrier(s) ranking as in the front as possible at the system level, and the Rx UEs with limited Rx chains can receive their interested V2X messages as much as possible by monitor the carrier frequencies according to the same order.

According to the analysis above, in order to address the mismatch problem between the carrier frequencies selected by Tx UEs and Rx UEs as well as take into account the transmission performance, a common system-level carrier selection order can be (pre)configured for Tx UEs and Rx UEs to follow. From a transmission perspective, a Tx UE can select a frequency according to this (pre)configured carrier selection order from the available frequencies, whose CBR are below the associated CBR threshold for the specific V2X packet(s) to be transmitted.
Proposal 3: To tackle the limited-Rx-capability UEs, a common system-level carrier selection order, in which each carrier frequency is selected, can be (pre)configured for Tx UEs and applied by the Rx UEs as well. 
Proposal 3a: To balance transmission performance and Rx capability limitation, a Tx UE can select a carrier frequency according to the (pre)configured carrier selection order from the usable carrier frequencies, whose CBR are below the CBR threshold associated with the PPPP of the V2X packet(s) to be transmitted.

2.2 Which layer to perform Tx carrier selection
From our point of view, both of the RRC layer and the MAC layer may be consider to do Tx carrier selection. However, since the V2X packets of different V2X service types may be passed from the upper layer to the AS layer with different Destination Layer-2 IDs and PPPPs [3], they will be mapped to different logical channels that associated with different {Destination Layer-2 ID, PPPP} combinations. Take the case shown in Figure 3 as an example: packets belong to V2X service 1 and those V2X service 2 will be mapped to sidelink logical channel 1 and sidelink logical channel 2 respectively, considering that the Destination L2 IDs associated with these two services are different. 
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Figure 3: Tx carrier selection should be performed on each logical channel
As a result, Tx carrier selection should be performed based on some logical channel specific factors. Particularly, it should be based on the PPPP(s) for the specific sidelink logical channel(s) which actually have V2X packets to be transmitted (as the input to the mapping between CBR threshold and PPPP as proposed above). In addition, Tx carrier selection may need to further consider the specific Destination L2 ID to which the sidelink logical channels actually correspond, since sidelink logical channels belonging to different Destinations may be with different applicable frequencies, as analysed in our companion paper [3]. (e.g. as shown in Figure 3, the applicable  frequencies allowed for sidelink logical channel 1 are F1and F2 while the ones for sidelink logical channel 2 are F3 and F5.) 
However, these sidelink logical channel specific factors are generally user plan related, and typically invisible to the RRC layer. As a result, we think that a MAC layer based Tx carrier selection seems more reasonable. 
Observation 3: Tx carrier selection needs to be based on some logical channel specific factors (e.g. PPPP, Destination L2 ID, etc.) which are more user plane related and typically invisible to RRC layer.  
Proposal 4: Tx carrier selection should be performed in the MAC layer, and the RRC layer delivers necessary configurations to the MAC layer.
2.3 How to trigger the Tx carrier selection

In RAN1 #90bis meeting, RAN1 made the following working assumption potentially related to the trigger of Tx carrier selection [4]:
	· 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


According to this working assumption, when the resource reselection of a sidelink process that configured for multiple transmission is triggered in MAC layer, Tx UE may trigger the Tx carrier selection. 
Besides, we think the following conditions can also be considered:
· An initial resource selection is triggered in MAC layer (e.g. when a sidelink process has not selected resource on any carrier, or when the data first arrives and the UE has not selected any Tx carrier/resource yet, etc.).

· The RRC configuration is updated (e.g. resource pool is reconfigured, etc.). 
Proposal 5: RAN2 is suggested to discuss the following conditions to trigger Tx carrier selection:

· A resource reselection is triggered for a sidelink process that is configured for multiple transmissions;

· An initial resource selection is triggered in the MAC layer (e.g. the UE has not selected resource on any Tx carrier yet and/or when data first arrives, etc.); 
· The RRC configuration is updated (e.g. resource pool is reconfigured, etc.).

3 Conclusion

In this contribution, we give a detail analysis for Tx carrier selection and provide the potential solutions. The observations and proposals are as follows.
Observation 1: The candidate frequencies considered for Tx carrier selection in the AS layer should be the intersection of the applicable carrier frequencies indicated by the upper layer and the ones (pre)configured in the AS layer.
Observation 2: If Tx carrier selection is performed without consideration of the Rx capability of other UEs, mismatch between the carriers selected by Tx UEs and those selected by Rx UEs with limited Rx capability can frequently occur and lead these Rx UEs to miss V2X messages sent on some carriers.  
Observation 3: Tx carrier selection needs to be based on some logical channel specific factors (e.g. PPPP, Destination L2 ID, etc.) which are more user plane related and typically invisible to RRC layer.  
Proposal 1: A mapping between CBR threshold and PPPP can be (pre)configured for each carrier frequency; for the transmission with a given PPPP, the UE is allowed to select a carrier, if  the actual CBR measured on this carrier is below the CBR threshold associated with that PPPP. 

Proposal 2: The carrier selection mechanism from the Tx perspective should take into account the UEs with Rx chain limitation.

Proposal 3: To tackle the limited-Rx-capability UEs, a common system-level carrier selection order, in which each carrier frequency is selected, can be (pre)configured for Tx UEs and applied by the Rx UEs as well. 
Proposal 3a: To balance transmission performance and Rx capability limitation, a Tx UE can select a carrier frequency according to the (pre)configured carrier selection order from the usable carrier frequencies, whose CBR are below the CBR threshold associated with the PPPP of the V2X packet(s) to be transmitted.
Proposal 4: Tx carrier selection should be performed in the MAC layer, and the RRC layer delivers necessary configurations to the MAC layer.
Proposal 5: RAN2 is suggested to discuss the following conditions to trigger Tx carrier selection:

· A resource reselection is triggered for a sidelink process that is configured for multiple transmissions;

· An initial resource selection is triggered in the MAC layer (e.g. the UE has not selected resource on any Tx carrier yet and/or when data first arrives, etc.); 

· The RRC configuration is updated (e.g. resource pool is reconfigured, etc.).
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