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1 Introduction
In RAN#75, it was approved a new work item 3GPP V2X Phase 2 [1] to support advanced V2X services which are identified in SA1 TR 22.886 [2]. The work item includes the objective to enhance the carrier aggregation functionalities to up to 8 carriers.
During RAN2#99-bis, it was agreed to specify some carrier selection mechanisms to determine which carriers a UE should use for transmitting and receiving. Different carrier selection options were discussed in the recent email discussion [3].
In this contribution, we elaborate a bit more on the criteria that in our opinion should be used by the UE to determine which sidelink carrier(s) to use when transmitting V2X packets over the PC5.   

2 Discussion
Regarding TX carrier selection, the following was agreed in RAN2#99-bis meeting:

	From RAN2#99-bis agreements:

· CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective
· 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
· 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
· UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.
· 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


The above agreements provide a first insight into how TX carrier selection should work. The UE is configured in the AS by upper layers with a mapping between each V2X service type and a set of possible V2X frequencies on which this service can be transmitted, e.g. depending on regulations and application configuration. Therefore, for mode-4, when transmitting a certain V2X service, the UE needs to select the transmitting carrier(s) among the set of carriers associated to this V2X service. For mode-3 instead, it is the UE that indicates to the eNB through the sidelinkUEInformation, the sidelink carriers in which different Destination Layer-2 IDs (which are mapped to different V2X service types as per higher layer configuration) is allowed to be scheduled.
Proposal 1 No enhancements to the V2X frequencies provisioning by upper layers to the AS is necessary in Rel.15.

Of course, the actual sidelink carriers that can be used in the RAN, maybe configured by the network or preconfigured in the UE, reusing the same signalling specified in Rel.14. Therefore, the UE has to take into account both the V2X frequencies allowed for a specific service as per higher layer configuration, and the carrier which are (pre)configured in the RAN layers. Also the related UE procedures depending on the UE coverage status and on the presence of inter-carrier configuration do not seem to require changes. 

Proposal 2 Signalling of sidelink carrier (pre)configuration and UE procedures for in-coverage, out-of-coverage, inter-carrier scheduling which are specified in Rel.14 can be reused in Rel.15. No enhancement to that is needed. 
Once the AS is aware of the candidate V2X frequencies and of the (pre)configuration as described above, at least the CBR/PPPP should be taken into account in the selection of the TX carrier(s) as well as the TX capabilities both for mode-3 and mode-4. 
How the CBR/PPPP can be used jointly in the TX carrier selection procedure has been discussed in the email discussion [3]. Especially for mode-4, the joint usage of CBR/PPPP seems to be of critical importance since, by definition, mode-4 is a distributed resource allocation mechanism where collisions, especially in case of high congestion might always happen. Certainly, sensing might help to reduce collisions but sensing alone might not be enough to guarantee good performances if the channel is highly congested.
Observation 1 It is important that CBR is used together with the PPPP in the TX carrier selection procedure to enforce sidelink mode-4 performances.
It has to be first noted that if, for example, a UE attempts to transmit on a congested carrier a high priority packet, not only there is the risk that the transmission fails and the packet requirements are not met, but by doing so it will also increase the congestion of the carrier and might compromise the performances of other UEs which are already using such carrier. Additionally, the congestion increase might not be only occasional but persistent for long time if mode-4 with resource reservation is used.

Observation 2 Transmitting a packet in an already congested carrier not only affects the transmission reliability of such packet, but also the performances of other UEs which are already using this sidelink carrier.
Therefore, it seems useful to configure a pool such that the transmission of a packet having a certain PPPP is allowed or not allowed depending on the CBR measured on that pool. For example, a possible configuration could be that if the CBR is exceeding a certain threshold, lower priority packet should not be transmitted any longer thus avoiding excessive interference towards higher priority packet.
Proposal 3 It should be possible to configure a pool such that the transmission of a packet with a given PPPP depends on the CBR measured in that pool. 
In our companion contribution [4], we provide more details on the stage-3 details of the CBR-PPPP configuration.

Observation 3 Details on how to signal the CBR-PPPP configuration are given in [4].
In case more than one SL carrier can be selected by a UE upon applying the CBR-PPPP rules, it should be discussed which of such SL carriers should be selected to accommodate a MAC PDU. In our opinion it can depend on multiple factors such as:

· Amount of data the UE has to transmit
· UE capabilities (e.g. hardware capabilities, half duplex constraints, power restrictions, etc.). 
We believe that the volume of data to transmit is important to consider, especially when carrier aggregation is used, which is a feature specifically designed to increase the data rate. Hence, it seems important that UEs which have few data to transmit, should not scatter the transmissions of such few data over multiple carriers, so that good load balance can be achieved. This would allow the UE to save battery and minimize the resource utilization since for each transmission on different carriers, dedicated PSCCH resources should be allocated, and also the available power budget would be scattered across multiple carriers. Additionally, if fewer carriers are used for transmission, also the receiver efforts are minimized as well as the probability of correct reception. For this reason, we believe that it is beneficial for the overall system performances if the number of sidelink carriers used, somehow depends on the amount of data the UE should transmit.

Proposal 4 The number of carriers the UE can use should depend on the amount of data the UE have to transmit.

Obviously also the UE capability should be considered. A UE may have limited hardware capabilities, in terms of carriers in which simultaneous transmission is possible and in terms of TX chain switching time between different carriers. The UE may also be subject to half duplex constraint, i.e. a UE cannot transmit and receive at the same time in all the bands in which the UE is capable to transmit simultaneously. Or, the UE may have power restrictions, i.e. even if a UE is capable of transmitting on multiple carriers at the same time, it may not be desirable to do so because the resulting power on each carrier may be too low for a given power budget.

Therefore, it can be assumed that the final set of carriers that can be actually selected for transmission by a UE may need to take into account all of such factors.

Proposal 5 The set of possible SL carriers that can be selected for transmission may be affected by the following factors:

a. Measured CBR on each SL carrier

b. PPPP of the packet to be transmitted

c. Volume of data in the SL buffer

d. UE capabilities.
2.1 Impact of TX carrier selection in MAC

We note that all the possible impacting factors listed in Proposal 5 can be available at MAC. The PPPP is already available in MAC in legacy specifications since it is used in the LCID and LCG mapping. Similarly, the CBR measurements are already used in legacy MAC specification, e.g. for MCS selection. The volume of data in the SL buffer is also obviously known by MAC. Regarding UE capabilities limitation, that should be obviously embedded in the UE implementation, and can be possible feedback by the physical layer, e.g. if in certain occasion the UE is subject to half duplex problem, or if the TX power budget is constrained. In this way, MAC can exclude certain carriers for the TX carrier selection procedure, if their usage will not be compliant with current UE capabilities.
Observation 4 By legacy specification, MAC should be aware of the PPPP of the packet to be transmitted, of the CBR measurement results, and of the volume of data in the SL buffer. 

Proposal 6 The list of available resources provided by PHY to MAC already take into account UE capabilities limitations on certain subframes, e.g. TX power budget constraints, half duplex limitations. Details are left to RAN1.

Therefore, given Observation 4, all the relevant factors for TX carrier selection can be handled in MAC specification. 
Proposal 7 The set of possible SL carriers that can be selected for transmission is determined by the MAC entity, taking into account the PPPP-CBR configuration, the volume of data in the SL buffer, and the UE capabilities.

Additionally, as discussed in the recent email discussion [3], the MAC entity may also order the set of sidelink carriers in the CBR order, so that the carriers eventually selected are always the least congested. This ensures to have good load balance across carriers and therefore reduces risk of collisions/interference.

Proposal 8 Among the set of possible SL carriers that can be selected for transmission, the MAC entity selects the carriers with lowest CBR level.
2.2 Ping-pong effects

In general, it seems also important to avoid ping-pong effects between different carriers, due to e.g. occasional congestion/interference variation or new packet priorities to transmit. Especially, if resource reservation is used, it is important to have a more stable system to avoid too frequent carrier reselection that would in turn trigger resource reselection. To this end, we believe that is enough to simply trigger carrier reselection (if needed) when also resource reselection is triggered according to Rel.14 rules.
Observation 5 In order to have a stable system, it is important to avoid ping-pong between carriers depending on occasional changes of interference/congestion or new packet types to transmit.

To this end, RAN1 has agreed the following in one of the previous meetings:
	From RAN1#90-bis agreements:

· 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


Similar to RAN1, it is also proposed that RAN2 confirms this RAN1 assumption and that RA, i.e. that a given carrier shall be used by the UE, at least until resource reselection is triggered by the sidelink process associated to such carrier. Resource reselection is triggered according to legacy Rel.14 criteria, e.g. reselection counter goes to 0, sidelink grant smaller than the RLC SDU, latency requirements not fulfilled, etc.
Proposal 9 RAN2 confirms RAN1 assumption, i.e. a given carrier shall be used by the UE at least until resource reselection is triggered on the sidelink process associated to this carrier. Resource reselection is triggered following same rules of Rel-14. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
It is important that CBR is used together with the PPPP in the TX carrier selection procedure to enforce sidelink mode-4 performances.
Observation 2
Transmitting a packet in an already congested carrier not only affects the transmission reliability of such packet, but also the performances of other UEs which are already using this sidelink carrier.
Observation 3
Details on how to signal the CBR-PPPP configuration are given in [4].
Observation 4
By legacy specification, MAC should be aware of the PPPP of the packet to be transmitted, of the CBR measurement results, and of the volume of data in the SL buffer.
Observation 5
In order to have a stable system, it is important to avoid ping-pong between carriers depending on occasional changes of interference/congestion or new packet types to transmit.


Based on the discussion in section 2 we propose the following:
Proposal 1
No enhancements to the V2X frequencies provisioning by upper layers to the AS is necessary in Rel.15.
Proposal 2
Signalling of sidelink carrier (pre)configuration and UE procedures for in-coverage, out-of-coverage, inter-carrier scheduling which are specified in Rel.14 can be reused in Rel.15. No enhancement to that is needed.
Proposal 3
It should be possible to configure a pool such that the transmission of a packet with a given PPPP depends on the CBR measured in that pool.
Proposal 4
The number of carriers the UE can use should depend on the amount of data the UE have to transmit.
Proposal 5
The set of possible SL carriers that can be selected for transmission may be affected by the following factors:
a.
Measured CBR on each SL carrier
b.
PPPP of the packet to be transmitted
c.
Volume of data in the SL buffer
d.
UE capabilities.
Proposal 6
The list of available resources provided by PHY to MAC already take into account UE capabilities limitations on certain subframes, e.g. TX power budget constraints, half duplex limitations. Details are left to RAN1.
Proposal 7
The set of possible SL carriers that can be selected for transmission is determined by the MAC entity, taking into account the PPPP-CBR configuration, the volume of data in the SL buffer, and the UE capabilities.
Proposal 8
Among the set of possible SL carriers that can be selected for transmission, the MAC entity selects the carriers with lowest CBR level.
Proposal 9
RAN2 confirms RAN1 assumption, i.e. a given carrier shall be used by the UE at least until resource reselection is triggered on the sidelink process associated to this carrier. Resource reselection is triggered following same rules of Rel-14.
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