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1 Introduction
Regarding RX aspects of sidelink carrier selection, extensive discussions were taken during the last RAN2 meetings. The following agreements were reached:
	From RAN2#99-bis agreements:

=> FFS on how to handle Rx limited V2X UE

From RAN2#100 agreements:

=> Working Assumption: No enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism


In this contribution, we further discuss this topic in the attempt to reach a conclusion on RX aspects for sidelink carrier selection. TX aspects are instead treated separately in our companion contribution [2]. 

2 Discussion
Regarding this issue, we first note that 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 [5], 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, and RAN2 confirmed in RAN2#99-bis meeting that a transmitting UE will take into account the association between V2X frequencies and V2X packet types when selecting a certain carrier for transmissions:
	From RAN2#99-bis agreements:

· 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


Observation 1 In RAN2#99-bis, it was agreed that, as per Rel.14, RAN2 assumption is that different V2X services (identified by e.g. PSID or ITS-AIDs) might be associated to different frequencies by regulations and that this association is known at the AS layers.
In the Rel.15, the network should only make sure that the sidelink carriers used for transmitting a certain service, as per higher layers configuration, can offer the best possible performances, e.g. by employing PPPP, CBR and other possible factors as partly already agreed in RAN2#99-bis meeting and further investigated in our companion paper [2].

2.1 RX criteria
Certainly, UEs might be limited in their RX capabilities and not be capable to receive in all the carriers that the network or the pre-configuration allows for transmission. This is an aspect that certainly has to be taken into account, but that is not new, since already in Rel.14 multiple sidelink carriers (up to 2 ITS carriers as per RAN4 requirement) can be used for V2V communication. Therefore, in our view the above Observation 1 already solves this problem, i.e. if a UE is limited in its RX capabilities it just needs to monitor the limited set of carriers configured by upper layers for the V2X service of interest.

Observation 2 Legacy Rel.14 already allows the receiving UE to just monitor the frequencies configured by higher layers for the V2X service of interest. 
Recently, RAN2 has discussed different mechanisms to optimize what the legacy 3GPP Rel-14 specification already allows as observed in Observation 2. 
Ideally, the receiving UE should tune its receiving chains such that they are aligned with the carriers used by the transmitting UEs, 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 optimal tuning can be achieved. 
In the following, we summarize different possible optimization mechanism proposed in last RAN2 meeting:

1. In the email discussion in [1], some companies proposed to assign to each PPPP a list of prioritized carriers so that a transmitting UE will prioritize transmissions on certain carriers rather than others, when transmitting a packet having a certain PPPP. In this way, the receiver might prioritize reception on carriers assigned to high priority PPPP rather than others having lower priority PPPP.
2. In [4], it is proposed that higher layers assign to each V2X service a set of frequencies allowed for transmission (as in legacy Rel.14), and to each frequency also a priority flag. The AS layers in the UE receive such information, and the transmitting UE will make sure to transmit a V2X service on one of those allowed frequencies (as in legacy Rel-14) and to select for transmission either one of the highest priority frequencies or lowest, depending on the PPPP to transmit. The receiving UE will prioritize monitoring of the highest priority carriers associated to the V2X service of interest. 
3.  In [3], it is proposed that for a certain type of V2X service, a default carrier is configured for transmission of a V2X service so that the transmitting/receiving UEs prioritize transmission/reception in such default carrier for a V2X service.
However, in our view, all the above approaches have the following drawbacks, since they impose a limit on the usage of the available carriers:

· It might lead to unbalanced utilization of the sidelink carriers, where few carriers (e.g. the ones having highest priority, or the default carriers) might be congested if there are many UEs which are transmitting packets in the same priority range, while other carriers might remain unused if they are associated to priority ranges 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. 
· It is not clear how the above approaches will work with the CBR criteria which is already agreed in RAN2#99-bis. When a certain carrier A has reached a certain level of congestion, a transmitting UE might need to transmit on another carrier B which is less congested at the moment. If the receiving UE in the proximity of the transmitting UE is only monitoring the carrier A because that has been prioritized (or considered as default), all messages transmitted in carrier B (which has less priority than carrier A) will be lost.
· Benefits of multi-carrier transmissions, in terms of higher data rate, and higher capacity will be impacted, because of the poor load balance across carriers. Ultimately the QoS will be also affected, since the capacity of the carriers cannot be fully exploited by this carrier usage limitation.
· Latency performances might be impacted. Considering that more than one frequency could be configured by upper layers for a given V2X service, whenever the UE has to switch transmission of this V2X service to another carrier (e.g. due to better load conditions), the receiver has to first perform sensing on this new carrier for at least 1sec, before transmitting. 
Observation 3 If some carriers configured by higher layers for a V2X service are configured with different priorities, this would constrain the usage of the available carriers which might lead to the following drawbacks:

a. Unbalanced usage of the sidelink carriers
b. Increased risk for missing packets when less prioritized carriers should be used due to high congestion

c. Reduce benefit of multi-carrier transmissions in terms of data rate, capacity and ultimately QoS
d. Increased latency
For this reason, as assumed in Rel.14, and as observed in Observation 2, the UE can just monitor the sidelink carriers in which a V2X service of interest is provided, and obviously it is up to the UE implementation to decide which service to monitor. If for any reason, the UE is not capable of monitoring all the carriers associated by higher layers to a certain service of interest, it is up to the UE implementation to determine which carriers to monitor to minimize the probability of losing packets. 

Proposal 1 Confirm the working assumption reached in RAN2#100 that no enhancements for the limited RX UE are needed in Rel.15, beyond the Rel-14 mechanism.
Observation 4 Proposal 1 implies that given the mapping between V2X services and frequencies provided by higher layers as per Rel.14, a UE can just monitor the sidelink carriers in which a V2X service type of interest (e.g. PSID or ITS-AIDs) is mapped. 
Proposal 2 It is up to UE implementation to determine which (if not all) sidelink carriers has to be monitored, from the set of carriers mapped by higher layers to a V2X service type of interest.
3 Conclusion

In section 2 we made the following observations:
Observation 1
In RAN2#99-bis, it was agreed that, as per Rel.14, RAN2 assumption is that different V2X services (identified by e.g. PSID or ITS-AIDs) might be associated to different frequencies by regulations and that this association is known at the AS layers.
Observation 2
Legacy Rel.14 already allows the receiving UE to just monitor the frequencies configured by higher layers for the V2X service of interest.
Observation 3
If some carriers configured by higher layers for a V2X service are configured with different priorities, this would constrain the usage of the available carriers which might lead to the following drawbacks:
a.
Unbalanced usage of the sidelink carriers
b.
Increased risk for missing packets when less prioritized carriers should be used due to high congestion
c.
Reduce benefit of multi-carrier transmissions in terms of data rate, capacity and ultimately QoS
d.
Increased latency
Observation 4
Proposal 1 implies that given the mapping between V2X services and frequencies provided by higher layers as per Rel.14, a UE can just monitor the sidelink carriers in which a V2X service type of interest (e.g. PSID or ITS-AIDs) is mapped.


Based on the discussion in section 2 we propose the following:
Proposal 1
Confirm the working assumption reached in RAN2#100 that no enhancements for the limited RX UE are needed in Rel.15, beyond the Rel-14 mechanism.
Proposal 2
It is up to UE implementation to determine which (if not all) sidelink carriers has to be monitored, from the set of carriers mapped by higher layers to a V2X service type of interest.
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