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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.
One important issue which arose from last RAN2#99 meeting discussion is the need to some carrier selection mechanism to determine which carriers a UE should use for transmitting and receiving.
In this contribution, we dig a bit more into this topic and present our view, also taking into account the RAN2 email discussion on this topic [3].

2 Discussion
Regarding carrier selection issues the following was agreed in last RAN2#99 meeting:

	From RAN1#89 agreements:

=>RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)

=>FFS on how to handle limited Rx chains


In Rel.15, the need for carrier aggregation/multi-carrier transmissions is due to a new set of use cases which requires higher reliability, higher capacity, increased data rates. For this reason, RAN criteria are needed to ensure a fair usage of the available carriers and in order to realize a real capacity enhancement as promised by the objectives in the WID [1]. For instance, it is important that UEs that do not support multi-carrier transmissions are not (seriously) penalized by UEs which instead support multi-carrier transmissions. It seems useful to specify new criteria to determine when the UE is allowed (or not allowed) to use certain sidelink carrier(s) to achieve more fair usage of the available carriers. 

Observation 1 Multi-carrier selection criteria should aim at achieving a fair usage of the available carriers, e.g. to avoid penalization of those UEs (e.g. Rel.14 UEs) which might not be capable to transmit in multiple carriers. 
2.1 Packet priority criteria

One relevant aspect is whether the priority of the packets should be considered as carrier selection criteria. It seems quite obvious from the email discussion in [2] the packet priority should be considered to determine whether to use additional carriers or not.
In the email discussion [3], it was highlighted that the following packet requirement could be take into account, e.g.
· PPPP for the packet(s) to be transmitted should be considered.

· Required reliability for the packet(s) to be transmitted should be considered.

· Required data rate for the packet(s) to be transmitted should be considered. 

· Packet delay budget for the packet(s) to be transmitted should be considered. 

We note that some performance requirements should be already identified by the PPPP. For example, TS 36.300 states the following:
	From TS 36.300:

The Access Stratum (AS) is provided with the PPPP of a protocol data unit transmitted over PC5 interface by higher layers. The packet delay budget (PDB) of the protocol data unit can be determined from the PPPP. The low PDB is mapped to the high priority PPPP value [72].-
The existing logical channel prioritization based on PPPP is used for V2X sidelink communication.


With the same reasoning, it can also be assumed that the reliability, i.e. the packet error rate, could be associated to the PPPP, as well the data rate requirement (e.g. GBR, non-GBR) as per higher-layers configuration.
Proposal 1 From RAN2 perspective, packet delay budget, reliability (i.e. packet error loss rate), bit rate (e.g. GBR, non-GBR) requirements can be derived from the PPPP.

In general, ensuring a certain reliability (i.e. packet error loss rate) or guaranteeing a minimum bit rate for the mode-4 sidelink transmission might not be always possible, since mode-4, by definition, 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 is not enough to achieve the transmission requirements (i.e. reliability, data rate, PDB) listed above if the channel is highly congested.
For this reason, we believe that is of critical importance for mode-4 operations to use the PPPPs of the packets together with the CBR to at least improve the probability that the transmission requirements are met in mode-4 operations. 
Observation 2 In mode-4, ensuring any performance requirement (i.e. PDB, reliability, bit rate) is challenging since sensing alone is not enough in highly congested situation, and pre-emption is currently not supported. The CBR should be used together with the PPPP to enforce performance requirements.
2.2 CBR criteria

On the other hand, the CBR together with the PPPP, as observed in Observation 2, might be crucial to enforce the performance requirements.
More specifically, the (pre)configuration may indicate the maximum CBR level to allow usage of a certain sidelink carrier for certain PPPP, so that UEs will not use a sidelink carrier if that is too congested for the transmission of that PPPP. For example, the (pre)configuration could be such that the CBR threshold is lower for higher priority PPPPs and higher for lower priority PPPPs. In fact, if 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.
On the other hand, only if the CBR measurement is good enough a UE can use a sidelink carrier for transmitting a high-priority packet, while for transmitting a low-priority packet the CBR requirements can be more relaxed. In this way, the performances of all UEs that are using this carrier have higher chances to be guaranteed. 
Observation 3 To ensure some mode-4 QoS requirements, it is beneficial that for the transmission of high-priority data only low congested carriers are used, while for lower-priority data, the use of more congested carrier should be allowed.

Observation 4 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.
Proposal 2 A CBR threshold per PPPP may be associated to a pool of a sidelink carrier to determine when a UE is allowed to use this sidelink carrier for the transmission of a certain PPPP.

2.3 Criteria on the amount of data to transmit
In general, it seems important that UEs which do not have enough data to transmit, should not scatter the transmissions of such few data over multiple carriers. 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. 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 is beneficial for the overall system performances if the number of sidelink carriers used somehow depend on the amount of data the UE should transmit.

Observation 5 It is beneficial for the overall system performances (e.g. to save battery, to reduce resource utilization, to limit reception efforts), if the number of used sidelink carriers depend on the amount of data the UE has to transmit.

In Uu and mode-3, the eNB may use the BSR/SL-BSR to estimate the UE buffer status and determine whether and additional carrier should be added or removed. In mode-4, the UE may also use the SL-BSR to determine whether an additional carrier should be used for sidelink transmission in case the amount of data to transmit is increasing, or to use less amount of carriers if the amount of data is decreasing. Alternatively, the (pre)configuration may also indicate a cap on the maximum amount of data related to a certain PPPP, that the UE should use.
Proposal 3 The number of carriers the UE can use should depend on the amount of data the UE has to transmit, as in Uu carrier aggregation. FFS how to (pre)configure it.

2.4 Ping-pong effects

Irrespective of which of the above carrier selection criteria RAN2 will agree, it seems of critical 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 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 6 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.

Proposal 4 Carrier reselection is triggered (if needed) when resource reselection is triggered. Resource reselection is triggered following same rules of Rel-14.
2.5 Service type criteria
In the email discussion [3], it was discussed in different questions the role of the service type in the carrier selection. In Rel.14, it was assumed that spectrum regulatory bodies might associate different frequencies to different V2X services, and that this association might be different in different regions. For example, in the LS from RAN1 to RAN2 [4], RAN1 indicated that ETSI and FCC will dedicate some carriers in the 5.9Ghz band to ITS-safety usage, while some others to ITS-non-safety usage. This assumption is also reflected in the SA2 specification TS 23.285 and in TS 36.300
	From TS 23.285:

The UE may support the following functions:
……..

-
Configuration of parameters for V2X communication (e.g., destination Layer-2 IDs, radio resource parameters, V2X Application Server address information, mapping between service types and V2X frequencies). These parameters can be pre-configured in the UE, or, if in coverage, provisioned by signalling over the V3 reference point from the V2X Control Function in the HPLMN.
……..
The following information for V2X communications over PC5 reference point is provisioned to the UE:
……..

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application.
-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies (see TS 36.300 [10] for further information) with Geographical Area(s).
……..

The UE is configured with the destination Layer-2 ID(s) to be used for V2X services. The Layer-2 ID for a V2X message is selected based on the configuration as described in clause 4.4.1.1.


	From TS 36.300:

For the case where multiple frequencies for V2X are supported, a mapping between service types and V2X frequencies is configured by upper layers. The UE should ensure a service to be transmitted on the corresponding frequency.


Such fundamental assumption does not need to be changed in Rel.15. The network should only make sure that the sidelink carriers used for transmitting a certain service can offer the best possible performances, e.g. by employing the criteria mentioned in the previous sections.
Proposal 5 As per Rel.14, RAN2 assumes that different V2X services (e.g. ITS-safety/non-safety) might be associated to different frequencies by regulations. 
Obviously, such mapping between V2X services and frequencies has to be known to the AS since the UE and the eNB has to ensure that a V2X service has to be transmitted on the corresponding frequency, and the UE has to use the proper destination layer-2 ID in the MAC header and in the SL BSR. If needed, this can be clarified already in Rel.14 stage-2 specification.

Proposal 6 Already in Rel.14, the mapping between different V2X services and frequencies should be known to the AS layers, so that the UE and the eNB can transmit/schedule a certain service in the corresponding frequency. A clarification stage-2 CR for Rel.14 is available in [5].
2.6 RX carrier selection

In previous sections, it was discussed TX carrier selection criteria. Certainly, UEs might be limited in their RX capabilities and not be capable to receive in all the carriers configured by the network or preconfigured for transmission. It is also discussed that the receiver should align with the transmitter in order to lose as little packet as possible. However, considering that only broadcast transmissions are considered for the moment, it is not clear how this alignment can be guaranteed.

One proposal discussed in [3] is to assign to each PPPP a list of prioritized carriers so that a transmitting UE will prioritize transmissions on certain carriers rather than others. In this way, the receiver might prioritize reception on those carriers rather than other. However in our view, such approach has the following drawbacks:

· It might lead to unbalanced utilization of the sidelink carriers, where few carriers might be congested if many UEs are transmitting packets with same priority, while other carriers might remain unused if they are associated to packet priorities not currently transmitted. Obviously, that might be very harmful when many UEs have to transmit high priority messages to warn about hazardous situations or traffic accidents. 
· The network is not aware of the RX capabilities of the idle mode UEs, therefore the carrier prioritization list configured by the network might even deteriorate the RX performances if the prioritized carriers do not match the UE RX capabilities. 
· The legacy Rel.14 UEs cannot understand this association between PPPP and carriers, thus they may still miss the transmissions if the UE has limited Rx capability. Besides, the legacy Rel-14 mode-4 transmitting UEs might transmit certain PPPP in the wrong carrier.
Proposal 7 There is no need to assign to each PPPP a list of prioritized sidelink carriers for the following reasons

a. Unbalanced usage of the sidelink carriers

b. Idle-mode UEs RX performances might be compromised.

c. Legacy Rel.14 UEs would not follow such new carrier configuration.  

For this reason, the RX carrier selection criteria cannot depend on eNB/network decisions. Instead, as assumed in Rel.14, the UE should be capable of at least monitoring the sidelink carriers in which a service of interest is provided. For example, a UE should at least be able to monitor ITS-safety carriers to minimize the probability of losing packets. 
Proposal 8 Given the mapping between V2X services and frequencies provided by higher layers, a UE should be at least capable to monitor the sidelink carriers in which a service of interest (e.g. ITS safety) is mapped as per Rel-14 assumption. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
Multi-carrier selection criteria should aim at achieving a fair usage of the available carriers, e.g. to avoid penalization of those UEs (e.g. Rel.14 UEs) which might not be capable to transmit in multiple carriers.
Observation 2
In mode-4, ensuring any performance requirement (i.e. PDB, reliability, bit rate) is challenging since sensing alone is not enough in highly congested situation, and pre-emption is currently not supported. The CBR should be used together with the PPPP to enforce performance requirements.
Observation 3
To ensure some mode-4 QoS requirements, it is beneficial that for the transmission of high-priority data only low congested carriers are used, while for lower-priority data, the use of more congested carrier should be allowed.
Observation 4
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 5
It is beneficial for the overall system performances (e.g. to save battery, to reduce resource utilization, to limit reception efforts), if the number of used sidelink carriers depend on the amount of data the UE has to transmit.
Observation 6
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
From RAN2 perspective, packet delay budget, reliability (i.e. packet error loss rate), bit rate (e.g. GBR, non-GBR) requirements can be derived from the PPPP.
Proposal 2
A CBR threshold per PPPP may be associated to a pool of a sidelink carrier to determine when a UE is allowed to use this sidelink carrier for the transmission of a certain PPPP.
Proposal 3
The number of carriers the UE can use should depend on the amount of data the UE has to transmit, as in Uu carrier aggregation. FFS how to (pre)configure it.
Proposal 4
Carrier reselection is triggered (if needed) when resource reselection is triggered. Resource reselection is triggered following same rules of Rel-14.
Proposal 5
As per Rel.14, RAN2 assumes that different V2X services (e.g. ITS-safety/non-safety) might be associated to different frequencies by regulations.
Proposal 6
Already in Rel.14, the mapping between different V2X services and frequencies should be known to the AS layers, so that the UE and the eNB can transmit/schedule a certain service in the corresponding frequency. A clarification stage-2 CR for Rel.14 is available in [5].
Proposal 7
There is no need to assign to each PPPP a list of prioritized sidelink carriers for the following reasons
a.
Unbalanced usage of the sidelink carriers
b.
Idle-mode UEs RX performances might be compromised.
c.
Legacy Rel.14 UEs would not follow such new carrier configuration.
Proposal 8
Given the mapping between V2X services and frequencies provided by higher layers, a UE should be at least capable to monitor the sidelink carriers in which a service of interest (e.g. ITS safety) is mapped as per Rel-14 assumption.
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