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1 Introduction
The Tx carrier selection for PC5 CA was discussed in RAN2 #99 meeting and a related email discussion [1] was triggered to identify the potential options after the meeting. This contribution will provide some further analyses about the Tx carrier selection as well as some more detailed solutions, from RAN2 perspective.

2 Discussion
2.1 Inter-layer interaction between upper layer and AS

Considering the constraint of frequency allocation, the carrier selected for transmitting a specific V2X service should belong to the set of frequencies that are allowed to send this service as regulated by the corresponding region. From the 3GPP perspective, it can be ensured via the following mechanism that is specified in TS 23.285 [2] and TS 36.300 [3], where a UE should select Tx carrier according to a mapping relationship between service types and V2X frequencies that is provisioned in the UE’s upper layer.  
	TS 23.285

The following information for V2X communications over PC5 reference point is provisioned to the UE:

<text removed here>
3)
Policy/parameters:
<text removed here>
-
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).

	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.


Since this mapping relationship is provisioned via V3 interface or pre-configured in UE, this configuration cannot be changed dynamically. In addition, the V2X frequencies included in this mapping can only indicate the common frequencies allowed to transmit each V2X service respectively in a specific region (NOT a specific eNB), regardless of the current wireless environment (e.g. load, channel quality, etc.) of the network, and thus will be the same for the UEs under the coverage of different eNBs. So these V2X frequencies provided in the upper layer cannot reflect the PC5 carriers that are really suppoted by each eNB in RAN. 

In practice, for a UE that is in coverage of the network, the carrier frequencies actually supported in the AS layer should be configured by the serving cell according to the current specification. As serving cell may add/remove/reconfigure sidelink carriers according to the actual network conditions, the allowed frequencies actually supported in the AS layer may therefore just be a subset of those V2X frequencies configured in the upper layer. Considering that the carrier frequencies actually selected for PC5 CA by the UE should certainly belong to the set of carriers configured by serving cell, which is invisible to the upper layer, it is more reasonable for the AS to select a proper carrier for the UE’s V2X sidelink transmission.

Observation 1: The upper layers can only provide the common frequencies allowed to transmit a specific service in a region as per regulations, but cannot get aware of the carrier frequencies actually supported by each eNB in the AS. Hence, how to select a proper carrier frequency for each packet should be performed by the UE’s AS layer.

As the analysis earlier, the Tx carrier selection should follow the regulation on frequency for the corresponding V2X services. However, since the service type (e.g. PSIDs or ITS-AIDs) and the “service-frequency” mapping relationship could only be identified in the upper layers and is thus invisible to the AS layer, a potential problem that needs to be addressed is how to reflect the associated service type and frequencies for each V2X packet from the upper layer to the AS layer.
According to the TS 24.386 [4] (see Annex), both of the mapping between V2X service identifiers and Destination Layer-2 IDs and the mapping between V2X service identifiers and frequencies can be provisioned in the UE’s upper layer. For each V2X packet to be transmitted, the upper layer will generate the associated Destination Layer-2 IDs and frequency information based on these two mapping relationships and the V2X service identifier of this packet, and then pass these two parameters to the AS layer. Therefore, from our point of view, the destination Layer-2 ID and the frequency information passed from the upper layer with each V2X packet can be used to respectively reflect service type and the common frequencies allowed for this specific service from an AS layer perspective. So the combination of the Destination Layer-2 ID and the frequencies may thus reflect the common frequencies mapped to each specific V2X service in AS layer. 

Observation 2: Destination Layer-2 ID and frequency information can be passed from the upper layers to the AS layer with each V2X packet. Thus, these two parameters can be used to reflect the mapping of service types and the common V2X frequencies allowed in a region in the AS layer. 
2.2 Tx carrier selection in the AS layer
From our point of view, a proper carrier selection mechanism should not only aim at a better performance for the UE’s V2X messages transmission (e.g. higher data rate and/or reliability), but also reduce the monitoring complexity as much as possible, considering that part of the UEs may have constraints on their reception capabilities. 
We use the example in the following figure to illustrate the reason why the Tx carrier selection of a UE should be performed by taking into account the Rx capabilities of UEs. Assume that UE1 and UE2 have the same type of V2X service to transmit, which is restricted to four applicable carrier frequencies, as per the carrier frequencies actually supported by the eNB for this V2X service. Furthermore, UE3 and UE4 are in proximity of them and both interested in receiving this kind of V2X service, where UE 3 has two Rx chains and UE 4 has three Rx chains. 

[image: image1.emf]UE2

UE1

UE3

UE4 F2

F1

F3

F4

F5

UE2

UE1

UE3

UE4 F2

F1

F3

F4


(a)                                                                                               (b)
Figure 1: Different Cases for Tx carrier selection
· If the Tx carrier selection does not take the Rx chains limitation into account, as shown in Figure 1(a), there may be the case where UE1 randomly 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 frequencies as they can, they still respectively miss all the UE1’s V2X messages and part of the UE2’s V2X messages, due to the mismatch between the carrier frequencies selected by the Rx UEs and those selected by the Tx UEs.
Despite the specific case we assumed above, it should be noted that the above “Tx-Rx” carrier mismatch problem will frequently happen and thus potentially resulting in plenty reception missing, as long as the Tx carrier selection takes no care about UEs’ Rx capabilities for PC5 CA. This is certainly not acceptable. 

Observation 3: If Tx carrier selection is performed without any consideration of Rx capabilities of other UEs, mismatch between the carriers selected by Tx UEs and those selected by Rx UEs can frequently occur and further lead the Rx UEs to miss a number of V2X messages.  

· In contrast, if the Rx capability is considered in the carrier selection mechanism, Tx UEs can select frequencies according to a common criterion, so as to minimize the total number of frequencies actually used for transmitting the associated V2X service and ultimately to reduce monitoring complexity and improve the reception efficiency. Take the Figure 1(b) for an instance, UE1 and UE2 select the same frequencies (i.e. F1 and F2) to transmit the V2X messages according to the common criterion, so that UE3 and UE4 can receive all the V2X messages as long as they choose to monitor the F1 and F2. Furthermore, since UE4 has 3 Rx chains, it can choose to turn off the extra Rx chain or use this chain to receive another interested V2X service transmitted on F5.
As for the above comparison, we propose that Tx carrier selection mechanism should take into account also the UEs’ with Rx chain limitation.
Proposal 1: The carrier selection mechanism from the Tx perspective should take into account the UEs’ with Rx chain limitation.

As per the analyses above, a common criterion should be available for all Tx UEs in proximity with each other, so that the Rx UEs can follow this rule/criterion to trace the carrier frequency(ies) selected by all/most of the Tx UEs and select them for their reception. This can minimize the missing of reception of the UEs with limited Rx capability. 
Proposal 2: There should be a common criterion/principle for the Tx carrier selection, so that Rx UEs can also follow this criterion/principle to select the carrier(s), where all/most of the Tx UEs transmit, for their receptions.  

During the email discussion [1], the factors including CBR, PPPP, service type and Tx/Rx capabilities were identified as the potential inputs for Tx carrier selection. Based on these potential factors, we think that a proper Tx carrier selection mechanism performed in the AS layer shall first determine an allowed frequency set for a V2X packet based on its specific service type (i.e. via Destination Layer-2 ID as in Observation 2), where the set can be the intersection of frequencies indicated by the uppers layer and the ones actually configured by the serving cell. Then, the Tx UE in the AS layer select the most suitable carrier(s) from the frequency set by taking into account of CBR, PPPP and PC5 CA Rx capabilities of other UEs. Finally, the Tx UE performs resource allocation based on PPPP on the selected carrier(s).
In order to balance the transmission performance and the consideration of Rx capability limitation, we think Tx UEs may preferentially select a default carrier to transmit a specific V2X service, and all Rx UEs that are interested in this kind of V2X service should always keep monitoring this carrier. Then, when a Tx UE detects the current transmission pool on the default carrier is heavily congested and thus cannot guarantee the transmission performance of the service, the Tx UE shall add or switch to another carrier(s) with lighter congestion, and at the same time the Rx UE shall start monitor the same carrier(s) as per a consistent criterion used for Tx UEs. In this way, not only the transmission performance can be guaranteed, but also the number of carrier frequencies actually used to transmit the V2X service will be minimized, thus facilitating Rx UEs finding the most proper carrier(s) to receive.
Proposal 3: A default carrier may be configured for each type of V2X service (e.g. via Destination Layer-2 ID). The Tx UEs may preferentially select the default carrier associated with the service(s) it is to transmit over sidelink.
3 Conclusion

In this contribution, we discuss the inter-layer interaction between upper layer and AS and Tx carrier selection. The observations and proposals are listed as follows:
Observation 1: The upper layers can only provide the common frequencies allowed to transmit a specific service in a region as per regulations, but cannot get aware of the carrier frequencies actually supported by each eNB in the AS. Hence, how to select a proper carrier frequency for each packet should be performed by the UE’s AS layer.
Observation 2: Destination Layer-2 ID and frequency information can be passed from the upper layers to the AS layer with each V2X packet. Thus, these two parameters can be used to reflect the mapping of service types and the common V2X frequencies allowed in a region in the AS layer. 
Observation 3: If Tx carrier selection is performed without any consideration of Rx capabilities of other UEs, mismatch between the carriers selected by Tx UEs and those selected by Rx UEs can frequently occur and further lead the Rx UEs to miss a number of V2X messages.  

Proposal 1: The carrier selection mechanism from the Tx perspective should take into account the UEs’ with Rx chain limitation.

Proposal 2: There should be a common criterion/principle for the Tx carrier selection, so that Rx UEs can also follow this criterion/principle to select the carrier(s), where all/most of the Tx UEs transmit, for their receptions.  

Proposal 3: A default carrier may be configured for each type of V2X service (e.g. via Destination Layer-2 ID). The Tx UEs may preferentially select the default carrier associated with the service(s) it is to transmit over sidelink.
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5 Annex: Specification in TS 24.386
	6.1.2
Transmission of V2X communication over PC5

6.1.2.1
Initiation

The upper layers can request the UE to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5. The request from the upper layers includes:

a)
the V2X message;

b)
the V2X service identifier of the V2X service for the V2X message;

c)
the type of data in the V2X message (IP or non-IP);

d)
if the V2X message contains non-IP data, the V2X message family (see subclause 7.1) of data in the V2X message ; and

e)
the V2X message priority.

Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, the UE shall proceed as follows:
a)
if the following conditions are met:

1)
the UE is served by E-UTRAN for V2X communication;

2)
the UE intends to use the radio resources (i.e. carrier frequency) provided by an E-UTRAN cell;

3)
the registered PLMN is in the list of PLMNs in which the UE is authorized to use V2X communication over PC5 when the UE is served by E-UTRAN for V2X communication as specified in subclause 5.2.4; and

4)
the V2X service identifier of the V2X service is included in the list of V2X services authorized for V2X communication over PC5 as specified in subclause 5.2.4 or the UE is configured with a default destination Layer-2 ID for V2X communication over PC5 as specified in subclause 5.2.4;


then the UE shall:

1)
if the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in subclause 5.2.4 and there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current the geographical area, pass the one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message to the lower layers;

2)
request radio resources for V2X communication over PC5 as specified in 3GPP TS 24.334 [4] subclause 10.2.2; and

3)
perform transmission of V2X communication over PC5 as specified in subclause 6.1.2.2; and

<text removed here>

	6.1.2.2
Transmission

The UE shall include the V2X message in a protocol data unit and pass it to the lower layers for transmission along with the following parameters:
a)
a Layer-3 protocol data unit type (see 3GPP TS 36.323 [8]) set to:

1)
IP packet, if the V2X message contains IP data; or

2)
non-IP packet, if the V2X message contains non-IP data;

b)
the source Layer-2 ID set to the Layer-2 ID self-assigned by the UE for V2X communication over PC5;

c)
the destination Layer-2 ID set to:

1)
the destination Layer-2 ID associated with the V2X service identifier of the V2X service in this list of V2X services authorized for V2X communication over PC5 as specified in subclause 5.2.4, if the V2X service identifier of the V2X service is included in the list of V2X services authorized for V2X communication over PC5 as specified in subclause 5.2.4; or

2)
the default destination Layer-2 ID configured to the UE for V2X communication over PC5 as specified in subclause 5.2.4, if the V2X service identifier of the V2X service is not included in the list of V2X services authorized for V2X communication over PC5 and the UE is configured with a default destination Layer-2 ID for V2X communication over PC5;
d)
if the V2X message contains non-IP data, an indication to set the non-IP type field of the non-IP type PDU to the value corresponding to the V2X message family (see subclause 7.1) used by the V2X service as indicated by upper layers;

e)
if the V2X message contains IP data, the source IP address set to the source IP address self-assigned by the UE for V2X communication over PC5;

f)
the ProSe Per-Packet Priority set to the value corresponding to the V2X message priority received from upper layers. The mapping of V2X message priority to ProSe Per-Packet Priority is configured on the UE and is out of the scope of this specification; and

g)
if the UE is configured with PDB (Packet Delay Budget)-to-ProSe Per-Packet Priority mapping rules for V2X communication over PC5 as specified in subclause 5.2.4, the PDB associated with the ProSe Per-Packet Priority as specified in subclause 5.2.4.

<text removed here>
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