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Introduction  
With the availability of multiple RATs and interfaces for V2X transmission, a key objective in this SI is focused on studying how the UE can select the applicable RAT/interface for V2X transmission [1]. 
	4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.



In the last meeting, this issue was briefly discussed and an email discussion was initiated to handle this aspect. From the status at the time of drafting this contribution, a few issues were unresolved and in this paper, we touch on these aspects in more detail and present our view.
Discussion
1.1 General issues for RAT/interface selection

With the evolution of NR and the various deployment scenarios as well as widespread deployment of LTE around the world, it is foreseeable that Rel-16 V-UEs will support both NR and LTE as applicable RATs for V2X communication. This, coupled with the advanced use cases and the set of related requirements discussed in [2] gives rise to the question of choosing an appropriate RAT and interface for V2X transmission. In this regard, a number of factors might need to be considered by the UE, including but not limited to the following:
· V2X application requirements (including QoS and communication range)
· RAT coverage and availability
· Operator policy
· Capabilities of UEs in the immediate vicinity
From the ongoing discussions in SA2, it seems like ultimately the decision to determine the relevant RAT/ interface is within the scope of the V2X layer and AS layer is not directly involved with the decision. This also makes sense since many of the factors are not within the scope of the AS layer anyway and it would require considerable standardization effort to do otherwise. At the same time, it is not always assured that the upper layer will specifically be able to determine or indicate a particular RAT for transmission. For instance, for some applications which do not have stringent QoS requirements, the application layer could be agnostic to the RAT actually used for transmission. So, some AS layer involvement might be expected in those cases.
To address both the aforementioned scenarios, a straightforward way could be to simply assume that the upper layer can define the notion of “candidate RAT(s)” which can be applicable for transmission for a given V2X application. These candidate RAT(s) can be mapped to specific indices (based on TX profile as discussed in the next section). In this way, the upper layer is ultimately in charge of determining the suitable RAT(s) for transmission and the AS layer is given the flexibility to consider other factors (depending on the composition of the candidate RAT(s) set).
Proposal 1:	The notion of “candidate RAT(s)” shall be defined to allow upper layer to indicate more than one sidelink RAT suitable for V2X transmission.
An interesting and somewhat related question was raised during the ongoing email discussion on RAT selection aspect, wherein if the upper layers indicate either RAT is suitable for transmission, should the AS layer perform transmission on both (NR and LTE) sidelink or should it be a single RAT chosen by the AS layer considering all the factors as discussed in [3]. In our view, the fact that upper layer indicate either RAT to be used means that AS layer should consider factors such as load status and congestion when making the decision. Requiring the UE to then transmit the packet on both RATs defeats the purpose of involving AS layer in the decision making in the first place. We think that if the concern is to ensure that a particular V2X transmission related to road safety based application is received, it should be sent using the relevant RAT such that it is expected to be received by the majority of UEs in the vicinity. Alternatively, defining a new TX profile (see next section for details) can be defining to cater to this case (i.e. transmission using both RATs). 
Proposal 2:	In case the candidate RAT set includes more than one RATs, the AS layer can determine one suitable RAT for transmission by considering additional factors as discussed in [3].
A related issue to discuss is whether the RAT(s)/interface(s) is determined by the upper layer before sending each V2X message or if it is based on some semi-static configuration and is not expected to change for each message. In other words, is a V2X application expected to generate packets with same (or similar) QoS requirements such that they can be mapped to the same RAT (or set of RATs)? This question is important since it determines the frequency of how the RAT/interface switches during V2X transmission and can have significant impact on NR V2X system design (for both unicast/groupcast as well as broadcast). For instance, if the candidate RAT set indicated for a given service only consists of NR sidelink and is chosen semi-statically (i.e. applicable for each packet), the AS layer may not be able to consider additional factors such as load status and has to use NR sidelink anyway. Hence, from the discussion above, there seem to be two questions to ask: 
1) Whether there are cases when a given application may not have a preference for a particular RAT? In general, we can consider 4 possibilities:
a. Only LTE Sidelink should be used for V2X transmission
b. Only NR Sidelink should be used for V2X transmission
c. Either LTE or NR sidelink should be used for V2X transmission
d. Both LTE and NR sidelink should be used for V2X transmission
e. No RAT specified
2) Whether the choice for RAT or RATs for transmission is done once per V2X service invocation or dynamically for each V2X packet?
Regarding the first question, while all different options are possible in principle, it would be useful to clarify and determine which of the five options are applicable for further discussion. For the second question, based on preliminary discussions in SA2, it seems like the choice of a particular RAT (LTE vs NR) is expected to be done semi-statically for each invoked V2X application [4]. While the views from most companies on question 1 seem to be somewhat aligned, this seems to have significant cross WG impact and so we propose to ask the above questions to SA2 explicitly to ease future proceedings.
Proposal 3:	RAN2 to inquire SA2 if the upper layer is always expected to have a preference for a given sidelink RAT and whether the RAT selection for V2X transmission is expected to be per V2X service/application or per V2X packet.

1.2 AS Layer involvement in RAT selection

While some of the factors discussed in the previous section can be directly considered by the upper layers, one aspect that needs further discussion is the resource utilization at the specific RAT in question. Focusing on LTE sidelink and NR sidelink, we observe that for LTE, CBR was defined as a metric to indicate congestion across a given resource pool. It is expected that a similar metric would be defined for NR sidelink as well. In that case, any V2X transmissions over sidelink would be subject to potential congestion due to resource usage by existing UEs. Specifically, since the carrier frequencies associated to the different RATs can be different, the resource pools allocated for the two RATs are expected to have different and have uncorrelated resource usage. Therefore, from resource usage efficiency point of view (which is a general requirement in [2]), it does not make sense for the V2X/upper layer to blindly choose a particular RAT for transmission without taking into account the CBR (or any equivalent metric defined for NR sidelink), which would differ across the two RATs. In this case, we think would be quite beneficial for this information to be taken into account when determining the appropriate RAT for transmission. 
Observation:	It is quite beneficial for the resource utilization information of resource pools to be considered when choosing a particular RAT for V2X transmission.
In this regard, we propose that this AS layer information (i.e. resource utilization information for specific resources e.g. CBR) is also considered during the RAT selection procedure. Some details of how this can be implemented is discussed in the next section.
Proposal 4:	The resource utilization information across the resource pool(s) should be considered when selecting a suitable RAT for V2X transmission.
1.3 Extension of TX profile 

In Rel-15, the TX profile based mechanism was defined whereby the V2X layer can indicate a particular TX profile and a corresponding transmission scheme to be used over sidelink. While the original intention then was to address the case of non-backward compatible transmission format between Rel-14 and Rel-15 UEs, the existing LTE framework can be extended to NR to serve the purpose of RAT selection. Essentially, the TX profiles can be configured at the UE and associated with specific V2X service. In addition, any other factors discussed in section 2.1 can also be considered here. For each V2X packet, the V2X layer then locates and indicates the corresponding TX profile pointer to the AS layer alongside the packet. This TX profile indicates the corresponding RAT to be used by the AS layer when transmitting the packet. 
As discussed in section 2.2, there can be multiple ways of using the resource utilization information during RAT selection procedure:
1) The V2X/upper layer does not take the resource utilization/congestion of the RATs into account and simply indicates to the AS layer to select one particular RAT. In this case, the UE would be forced to follow the indication and may either transmit anyway (leading to further congestion) or be forced to skip transmissions (due to CBR restrictions in place), leading to a degradation in quality for the particular V2X application.
2) The V2X/upper layer is informed of the resource usage of the RATs and takes those into account when making the decision. This can be done by internal UE implementation, for instance by indicating the average resource usage (or CBR) over specific set of resources for each RAT. However, since it is the job of the AS layer to select specific resources for transmission, it seems somewhat convoluted that the AS layer first indicates the availability of potential resources to the upper layer, which might change once the AS layer actually receives the V2X packet for transmission.
3) The V2X/upper layer can include additional information alongside the packet passed down to the AS layer which can serve the purpose of assisting the AS layer to determine if the channel conditions are suitable for this RAT or whether the application layer needs to switch to a different RAT. This can, for example be a mapping to a different TX profile indicating that the application layer does not have specific preference for a given RAT and that the AS layer is allowed to switch to a different RAT if determined by some preconfigured criteria. Based on whether multiple candidate RATs are indicated by the upper layers sidelink for transmission, the actual RAT to be used can be determined. This option has the advantage of including the resource utilization information in RAT selection but at the same time, keeping the AS layer agnostic to other factors. This can also handle the case when it may not be desirable to have this flexibility for some V2X service.
Proposal 5:	The TX profile based mechanism defined in Rel-15 shall be extended to perform RAT selection for NR V2X.
From the above options, option 3) grants the greatest amount of flexibility and seems in line with most company views based on [3]. So we propose to incorporate the notion of candidate RAT by defining new code points for TX profile indication to allow AS layer to choose among candidate RATs when allowed by upper layers.
Proposal 6:	The candidate RAT(s) to be used for sidelink transmission can be mapped to specific TX profile(s) to allow AS layer to choose the suitable RAT.
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to RAT/interface selection for V2X transmission and makes the following observations and proposals:
Observation:	It is quite beneficial for the resource utilization information of resource pools to be considered when choosing a particular RAT for V2X transmission.
Proposal 1:	The notion of “candidate RAT(s)” shall be defined to allow upper layer to indicate more than one sidelink RAT suitable for V2X transmission.
Proposal 2:	In case the candidate RAT set includes more than one RATs, the AS layer can determine one suitable RAT for transmission by considering additional factors as discussed in [3].
Proposal 3:	RAN2 to inquire SA2 if the upper layer is always expected to have a preference for a given sidelink RAT and whether the RAT selection for V2X transmission is expected to be per V2X service/application or per V2X packet.
[bookmark: _GoBack]Proposal 4:	The resource utilization information across the resource pool(s) should be considered when selecting a suitable RAT for V2X transmission.
Proposal 5:	The TX profile based mechanism defined in Rel-15 shall be extended to perform RAT selection for NR V2X.
Proposal 6:	The candidate RAT(s) to be used for sidelink transmission can be mapped to specific TX profile(s) to allow AS layer to choose the suitable RAT.
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