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1 Introduction
This document is a summary of the email discussion: [99#48][eV2X] Selection of Tx carriers
[99#48][eV2X] Selection of Tx carriers (Huawei)


Focus on mode 4

-
Factors/options to be taken into account as criteria of Tx carrier selection (including pros and cons, not precluding Rx consideration)

-
Inter-layers interactions between AS and upper layers (what information would be provided by upper layer)

 
Check companies’ views/preferences.


Intended outcome: Report to next meeting


Deadline: 2017-09-21

This email discussion mainly aims to collect companies’ perspectives and preferences on which factors should be taken into account as criteria for Tx carrier selection for PC5 CA. It also covers the inter-layer interactions between the AS layer and the upper layer which are necessary for the UEs’ carrier selection. In addition, some initial discussions on Rx carrier selection are involved in this document as well. 
2 Discussion
According to the scope of the email discussion, the following discussions are carried out only towards the carrier selection for Mode 4 (i.e. UE autonomous resource selection). 
2.1 Carrier Selection for PC5 CA Transmission
 Factors as criteria for Tx carrier selection
As for PC5 CA, one important issue is which/how many PC5 CC(s) should be selected by the UE to transmit on.  In RAN2 #99 meeting, a variety of factors were raised by companies as potential criteria of Tx carrier selection [1][2][3][4][5][6].  Based on these contributions, therefore, the following discussions focus first on which specific factors need actually considering as the carrier selection criteria at the transmission side. 
In [1][2][3][4][6], it is mentioned that the CBR (or, load status) on each PC5 CC should be considered as one criterion when the UE selects specific PC5 CC(s) for its V2X SL transmission. This looks straightforward, since the load status on a PC5 CC can affect the transmission performance thereon, so that the UE needs to select a PC5 CC(s) with appropriate load level for its transmission.  
· Question 1:  Should the CBR on each PC5 CC be one criterion for the UE’s Tx carrier selection?
a) Yes.
b) No. If this option is chosen, please clarify the reason.
	Companies are invited to provide views below for Question 1

	Companies
	Preferred options
	Comments if any (e.g. Pros/Necessity & Cons/Non-necessity of this criterion)

	Ericsson
	a)
	Yes, a threshold on the CBR should be used to determine whether a certain sidelink carrier can be used by UEs or not.

	OPPO
	a)
	CBR as an input to Tx carrier selection is helpful for load balance between the carriers for the same service types. However, the introduced CBR-based optimization for Rel-15 eV2x (if any) has to take into account of the legacy CBR-PPPP table defined in Rel-14 V2x is already capable to restrict various L1 parameters (subchannel, CR limit, Tx power, MCS, re-transmission number).

	Huawei
	a)
	In order to guarantee the transmission performance, the Tx UE should be able to select some more carrier(s) and/or change to some other carrier(s) for V2X sidelink transmission following some specific rules, when the CBR of the current Tx carrier(s) is high. Otherwise (i.e. low CBR), we think the Tx UE should not arbitrarily change and/or select more Tx carrier(s), as this may increase the complexity of monitoring for Rx UEs, especially for the UEs with limited Rx chains.

	Nokia
	a)
	Load status is related to the carrier’s throughput and therefore should be one criterion for Tx carrier selection.

	Qualcomm
	b)
	With dynamic selection of carrier (for example based on congestion CBR) the mismatched UE capability problems will often lead to the case when UE transmits on a carrier on which at least some of the receiver(s) may not be listening. Thus, unless the system working on a constraint that a RX-UE is able to receive all TX carriers, we prefer some kind of semi-static selection of TX/RX carriers. It is also very true that the CBR measurements in the TX-UE and RX-UE may not match, too. From this perspective, CBR is not proper to be used as a criterion for carrier selection.

	CATT
	a
	UE can select a less busy CC so as to have more available radio resource for transmission.  Besides, if the CC has more available resources, the delay is lower than a busy CC. 

	ZTE
	a)
	CBR could be considered when selecting the CC for PC5. For example, if one PC5 CC1 is overloaded, it is natural to turn to other CCs for PC5 CA from the perspective of load balance. 

	Samsung
	a)
	CBR parameter reflecting load status can be considered for Tx carrier selection. But CBR-PPPP configuration with L1 parameters in rel-14 is possible to ambiguously operate if CBR is utilized for carrier selection. It is needed to define clearly the operation of CBR and Tx carrier selection. 

	Intel
	a)
	CBR should be one of the essential factors to be considered for Tx carrier selection.

	LG
	a)
	We think that CBR can be considered as a criteria for Tx carrier selection since the CBR reflects a level of resource usage by other UEs. For instance, while the CBR level is low on a carrier, it may be considered that a UE has available resource on that carrier so that it would reduce the probability of collision.


Option a): 9

Option b): 1

Rapporteur Comments: Nearly all the companies participating in this email discussion select Option a) and thus think that CBR should be considered as one criterion for a UE’s Tx carrier selection for PC5 CA. So RAN2 is suggested to agree on this majority companies’ preference. 

Proposal 1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
It is also raised in [1][2][5] that PPPP (or, packet priority) of the packet(s) to be transmitted may also need considering, when the UE selects Tx PC5 CC(s). As pointed out in [1], this is logically similar to legacy Rel-13 D2D where the pools are associated with PPPP lists and the UE selects the pools based on the actual PPPP of the packet(s), whereas the difference for PC5 CA concerned here may be just changing resource pools to PC5 CCs. This may give some privileges to those packets with higher priority (e.g. more applicable CCs for their transmission, compared with lower-priority packets), in order for a better performance. 
Also, some QoS requirements are also said to be considered for Tx carrier selection [1][6]. Specifically, it is shown in [1] that the UE may select PC5 CC(s) based on the delay of the V2X messages, whereas required data rate and reliability are further proposed to be considered in [6].  So the following question focuses on whether some QoS-related factors should be considered for Tx carrier selection as potential criteria. 
· Question 2:  Should some QoS-related factors be criteria for the UE’s Tx carrier selection?

a) Yes. PPPP for the packet(s) to be transmitted should be considered.
b) Yes. Required reliability for the packet(s) to be transmitted should be considered.
c) Yes. Required data rate for the packet(s) to be transmitted should be considered. 
d) Yes. Packet delay budget for the packet(s) to be transmitted should be considered. 
e) No QoS-related factor needs considering. 
f) Others.
g) Yes. The sidelink buffer status in the UE should be considered.
	Companies are invited to provide views below for Question 2

	Companies
	Preferred options
	Comments if any (e.g. Pros/Necessity & Cons/Non-necessity of this criterion)

	Ericsson
	a), g)
	The PPPP of the packets to be transmitted should be considered. If only low priority packets are buffered in the UE, the UE should not consume resources of multiple sidelink carriers. On the other hand, if the UE has high priority packets to transmit, it should be allowed to select other carriers which for example look less congested.
Option b) and d) can also be taken into account. However, they should be already reflected in the PPPP. According to TS 36.300, “the packet delay budget (PDB) of the protocol data unit can be determined from the PPPP”. We assume that also the reliability of the packet can be included in the PPPP, but, if needed, this can be clarified. 
Therefore, in our understanding option a) includes also option b) and d).
Option c) should also be taken into account. However, in RAN2 specifications, the required data rate is represented by the sidelink buffer status. For this reason, we believe that option g) is the correct way to represent the required data rate. 



	OPPO
	a)
	On top of the PSID/ITS-AID-to-carrier mapping defined in Rel-14 V2x, the introduction of PPPP is helpful to refine the mapping granularity from destination address level (since the PSID/ITS-AID is mapped to L2 destination address) to logical channel level, and thus helpful to father differentiate between carriers mapped to same  service type (PSID / ITS-AID).
Considering RAN2#96 agreed that “…the ideal configuration should be that PPPPs are mapped in the latency requirement order.  ”, seems less motivation to introduce additional factors for delay budget besides PPPP.
For reliability (b)) and data rate (c) or g)), they are neither considered as input to resource selection procedure for non-CA case in V2x, nor included in the PC5 QoS framework, thus there seems less reason to consider them as input to CA case in eV2x.

	Huawei 
	b), c)
	We think b), c) may be taken into account. Specifically, Option b) may have something to do with use case 2 identified in RAN1’s LS for PC5 CA (R2-1707613), which is for packet duplication to improve the transmission reliability. Besides, Option c) may be corresponding to use case 1 in that LS, which was identified by RAN1 for parallel transmissions on multiple PC5 CCs to improve transmission capacity/rate.
Also, we think that the required data rate of a service may not be properly reflected by corresponding buffer size. The buffer size should depend on both traffic arrival and transmission rate on the air interface, and may thus vary from time to time. Instead, the data rate requirement is a characteristic of the service decided by the upper layer, but should not be changed depending on the AS layer situations. 

	Nokia
	a), b), c)
	The QoS factors needs to be defined together with CBR, i.e. a CC can be selected by UEs having the SL data with defined QoS attributes (e.g. certain PPPP, reliability or data rate) if CBR measurement is larger than configured threshold. Otherwise, the CC can be selected by UE with any QoS SL data.

	Qualcomm
	a)
	Agree with OPPO. SA2 has not introduced any new QoS mechanism for eV2X, so PPPP remains the only QoS parameter available.

	CATT
	a) 
	if a packet with high PPPP arrives, the UE shall select a less congestion CC for the high priority packet.
V2X service is very much delay sensitive, if a carrier can’t fulfill the delay requirement of V2X, the UE shall not select this CC. UE can deduce delay budget from PPPP. 

	ZTE
	a) b) c)
	If the V2X service requires high data rate or reliability, more than one CC may be required to achieve the data duplication or data split transmission respectively. According to the existing QoS design, only PPPP is considered. It is assumed that high priority packet with lower PPPP value indicates a lower PDB. However, it is hard to assume high priority packet are always associated with high data rate or high reliability level. So additional QoS factors need to be considered for carrier selection.

	Samsung
	a), b)
	PPPP is mapped into PDB which is a QoS factor. In addition, required reliability should be considered for Tx carrier selection.

	Intel
	a), c)
	PPPP is the main factor that determines how many and which Tx CC should be used for transmission. Additionally, as mentioned by Ericsson, b) and d) should already be captured by PPPP by virtue of how it is currently defined.

	LG
	c)
	In advance to answer this Q2, it is not clear whether mentioned Tx carrier selection with considering QoS factor is performed in RRC layer (e.g., pool or pool associated carrier) or in MAC layer (e.g., carrier among the carriers selected by RRC).

We think Tx carrier selection procedure below:

First step, the RRC layer selects multiple resource pools or pool associated carriers based on required peak data rate (configured from upper layer) and configure selected carriers to MAC layer.If higher data rate is required, more carriers are required.

Second step, the MAC layer selects the actual transmitting carrier among configured carriers according to the criteria (e.g. CBR)

Regarding to b) it seems to be related to packet duplication scheme, however, RAN2 does not determined whether to support or not.


Option a): 8

Option b): 4

Option c): 5

Option d): 0

Option e): 0

Option f): 0

Option g): 1

Rapporteur Comments: A clear majority of the companies select Option a) and thus think that PPPP should be considered as one criterion for the UE’s Tx carrier selection. Additionally, from Question 5 below, it is also seen that a majority of the companies (7/10) also think that PPPP should be passed from the upper layer to the AS layer as the necessary input for the UE to perform Tx carrier selection. Therefore, rapporteur understands that the majority of the companies’ preference is that PPPP should be one criterion for the UE’s Tx carrier selection in the AS layer (instead of “in the upper layer”). 

In addition to PPPP, there are also a portion of companies which think that required reliability (4) or required data rate (5) of the packet(s) to be transmitted should be considered as well. This may need further discussion by RAN2. 

Proposal 2: PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective.
Proposal 3: RAN2 is suggested to further discuss whether Required Reliability and/or Required Data Rate of the V2X packets to be transmitted should be considered for the UE’s Tx carrier selection in PC5 CA.
As for Rel-14 V2X, it is specified in the stage 2 specification [7] that there is a mapping between V2X service types and V2X frequencies which are provided from the upper layer, and “The UE should ensure a service to be transmitted on the corresponding frequency”. This means that each type of V2X service is only allowed to be transmitted on some specific carriers (rather than any carrier as the UE wants), and the UE may need to select a proper PC5 carrier(s) by taking into account the specific service it is going to transmit. 
As in the WID [8], Rel-15 eV2X is required to further support some advanced V2X services, which include platooning, extended sensor services (e.g., sensor data or video image exchange), Advanced and Remote driving related services or applications, etc.  Moreover, these service types may each be mapped (e.g. via PSID or ITS-AIDs) to some applicable carrier frequencies, as potentially defined by SA2 [9]. To this end, the UE may need some ways to obtain the specific type of services to be transmitted, in order to select a proper Tx carrier accordingly.  Then, the next question is whether the service types need considering for the UE’s carrier selection for transmission. 
· Question 3:  Should the service type be one criterion for the UE’s Tx carrier selection?

a) Yes.
b) No. If this option is chosen, please clarify the reason. 
c) Yes, but this mapping is done in upper layer, and only the CC set is visible to AS layer.

	Companies are invited to provide views below for Question 3

	Companies
	Preferred options
	Comments if any (e.g. Pros/Necessity & Cons/Non-necessity of this criterion)

	Ericsson
	a)
	SA2 indicated in their LS to RAN2 R2-1707643 that the “mapping between service types and V2X frequencies is configured by upper layers, and clarified in the specification TS 23.285 that this mapping can be provisioned via V3 or preconfigured in the UE”. 
Therefore, we assume that this functionality is already supported in Rel.14 and no further changes are needed from RAN2 perspective, since the mapping between V2X service types (i.e. ITS safety/non-safety) and carriers is up to higher layers and it might involve different regulatory requirements in different regions, as also highlighted in the RAN1 LS to RAN2 R1-163746.

	OPPO
	a)
	It has been already captured in TS 24.386 as one of the input parameter from upper layer:
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.

	Huawei
	a)
	Since the mapping relationship is specified by SA2 [9] on service-level, i.e. between the service type and the V2X frequencies, the service type should be taken into account for Tx carrier selection, in order to ensure that the selected Tx carrier(s) for a service indeed belong to the allowed frequencies regulated by the corresponding region.

	Nokia
	b)
	CC selection in AS level should be done among the allowed carriers that are indicated by upper layer. The inter-layer interaction as in Rel-14 can be reused, i.e. the upper layer will take care of mapping between service type and V2X frequencies/carriers and no further AS layer action is needed.

	Qualcomm 
	c)
	Different service type may map to different carrier frequency sets. Our position is that service type is to be considered, but not necessarily visible to AS layer. The AS layer needs to focus on the “frequency sets” instead of the service type itself. Otherwise, the AS layer will burden itself to understand the space of upper layer service identifiers for all potential V2X and eV2X services. So service type shall be considered as a parameter for carrier selection in the UE side, but the AS layer only needs to focus on the results of the mapping, e.g., the frequency carrier set mapped from the service type.

	CATT
	c)
	SA2 has defined service type and V2X frequency is associated. And service type is known and configured by upper layer

	ZTE
	a)
	As specified in R14, a mapping between service types and V2X frequencies is configured by upper layer. The UE should ensure a service to be transmitted on the corresponding frequency. It means that the CCs selected for PC5 CA should be confined to the V2X frequencies corresponding to the V2X service type of the sidelink transmission.

	Samsung
	a)
	Service type mapping with V2X carrier is already captioned as in TS23.385 4.3.2 : “Configuration of parameters for V2X communication (e.g., … mapping between service types and V2X frequencies).

	Intel
	a)
	The V2X service type and its mapping to particular V2X frequencies naturally carries over to service type being considered in the Tx carrier selection procedure.

	LG
	c)
	The mapping between service types and V2X frequencies is configured by upper layers. Therefore, the AS layer is only aware of available carrier sets for a transmitting V2X message according to recently approved CR (C1-173378):

“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;”

Therefore, only available carrier set is considered to perform Tx carrier selection in AS layer.


Option a): 6

Option b): 1

Option c): 3

Rapporteur Comments: From the options selected and comments input by companies, it is clear that a majority of the companies think that “service type” itself and/or the “mapping between service type and V2X frequencies” are needed for the UE to determine the set of carrier frequencies applicable to each V2X service, and this is obviously one necessary step regarding the UE’s Tx carrier selection. 

However, by further considering companies input to Question 5, the key controversy now is whether such “service type” and/or “mapping between service type and V2X frequencies” should be passed from the upper layer to and thus visible in the UE’s AS layer. Some companies think that the service type and/or the mapping relationship should be passed to the AS layer, and the UE may determine the applicable carriers for each specific service it is to transmit based on them in the AS layer. But some other companies think neither of them is needed in the AS layer, since the applicable carrier frequencies for each packet should be determined in the upper layer and the AS layer is directly informed by the upper layer of the applicable carriers frequencies themselves. 

In addition, some last-minute but important information was input by some companies, showing that a CR has been approved recently in CT1 to specify that “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”. This should be fully considered when RAN2 makes the final decision on this issue. 

Proposal 4: Service type and/or Mapping of service types and V2X frequencies should be considered for Tx carrier selection in PC5 CA, but RAN2 is suggested to discuss if either/both of them need to be visible in the AS layer or have any RAN2 impact, by taking into account the latest progress in upper layer Spec (e.g. CT1).
If the answer to Question 3 is yes, a subsequent question, as pointed out in [10], is what the service type should actually be and how it is indicated for the UE’s Tx carrier selection in the AS layer. PPPP stands for the priorities of different services, and may reflect service types to some extent. Instead, if, from a RAN perspective, the granularity of PPPP is not fine enough (e.g. several services share the same PPPP), some enquiry to SA2 may be needed, as such service type is typically what is defined in SA2 (e.g. PSID, ITS-AID, etc). The following question is, from a RAN2 point of view, what the service type should be, if needed.
· Question 3a:  If the answer to Question 3 is yes, what should be the service type used for the UE’s Tx carrier selection from a RAN2 perspective?
a) PPPP can be reused as the service type for the Tx carrier selection. 
b) The service type may be something new; SA2 may be requested to develop/provide such service type.  
c) No need to consider service type. 
d) Others.
e) Destination Layer-2 ID can be reused as the service type for the TX carrier selection.
	Companies are invited to provide views below for Question 3a

	Companies
	Preferred options
	Comments if any (e.g. Pros/Necessity & Cons/Non-necessity of this criterion)

	Ericsson
	a)
	As indicated in our answer to question 3, the mapping between V2X services (i.e. ITS safety/non-safety) and frequencies is up to higher layers and regulations. We do not see the need for additional 3GPP work to change this Rel-14 assumption now in Rel.15.    
Assuming that this mapping is available at EUTRAN, the only difference compared with Rel-15 is to fairly balance the usage of the different available carriers to limit at the same time, the radio resource utilization and UE battery consumption. 
Possible ways to realize this objective are described in Question 1 and 2.

	OPPO
	d)
	As indicated in answer to Question 3, both service type (which is indicated as PSID / ITS-AID) and PPPP have been defined as input from upper layer to access layer in TS 24.386, where a mapping to carrier(s) has been defined in Rel-14 V2x for the former one, but no mapping defined for the latter one yet.
Anyway, since both are available anyway, we do not think either enquiry to SA2 or additional parameter is needed.

	Huawei
	b), e)
	Since there is a mapping of Destination Layer-2 ID(s) and V2X service types (e.g. PSIDs or ITS-AIDs), which can be provisioned to UE as defined by SA2 [9], and Destination Layer-2 ID can be sent from upper layer to the AS, we think that the Destination Layer-2 ID may thus be used for indicating the service type from RAN2 perspective. 
However, if necessary, we are also OK for defining some new parameter to indicate the service type from the upper layer to the AS layer, and inquiring SA2 about what such parameter would be. 

	Qualcomm
	d)
	There is already a mapping defined in TS 23.285 (and TS 24.386) between service type and a set of frequencies. That is sufficient and there is no need for new parameters from SA2.

	CATT
	a)
	SA2 has defined service type and V2X frequency is associated. 

	ZTE
	d)
	It has already been agreed that mapping between service types and V2X frequencies is configured by upper layer and provided to AS layer. Moreover, the service identifier of each packet is given to AS layer. It is not necessary to define something new. 

	Samsung
	e)
	SA2 has defined mapping between V2X frequency and service type as below : (TS 23.385, 4.4.1.1.2)

Policy/parameters:

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application.

	Intel
	b)
	While PPPP has been considered as representative of service type from higher layers perspective, with the inclusion of more diverse V2X use cases in Rel-15, we think SA2 should be consulted on whether these diverse use cases and their associated priorities can be fully realized by the 8 bit PPPP field.

	LG
	c)
	Following the legacy operation, the mapping between service types and V2X frequencies is configured by upper layers. Then, V2X message and associated one or more V2X frequencies are conveyed from upper layer to AS layer. There is no further information is needed in AS layer such as service type.


Option a): 2

Option b): 2

Option c): 1

Option d): 3

Option e): 2

Rapporteur Comments: The conclusion to this question is highly dependent on that of Question 3. If it is finally agreed that no service type needs to be visible in the AS layer, then there is no need to answer this question in RAN2 anymore, since there is no RAN2 impact then. By contrast, only if it is agreed to have service type visible in the AS layer, does RAN2 need to further discuss what such service type would be and whether it is necessary to ask for it from SA2. In this case, rapporteur thinks that it is inappropriate to make any proposal to this question for the time being.

It is also mentioned in several contributions [2][6][11] that the UE Tx/Rx capability may also need considering for PC5 CA, as in the legacy LTE CA. As for Tx carrier selection, the UE’s Tx capability regarding PC5 CA may also be one factor worth being considered. 
· Question 4:  Should the PC5 CA capability be one criterion for the UE’s Tx carrier selection?
a) Yes.
b) No. If this option is chosen, please clarify the reason.
	Companies are invited to provide views below for Question 4

	Companies
	Preferred options
	Comments if any (e.g. Pros/Necessity & Cons/Non-necessity of this criterion)

	Ericsson
	a)
	This seems to be a pre-condition for the UE to select a certain carrier, both for mode-3 and mode-4 operations.

	OPPO
	b)
	UE Tx capability is helpful in for mode-3, in order for network to decide whether resources of same subframe at different carriers can be scheduled to Tx UE. For mode-4, which is the focus of this email discussion, it can be up to UE implementation to take this into account.

	Huawei
	a)
	According to our comment for Question 1 that the UEs with limited Rx chains will exist in practice, we think a proper Tx carrier selection should be carefully designed. For example, the Tx UEs may select transmission carrier(s) according to some common criteria which are designed by taking into account potential Tx/Rx capability of the UEs in the NW, so as to enable UEs with Rx chain constraints to receive their interested V2X service as much as possible. 

	Nokia
	a)
	Only UE’s Tx capability on PC5 CA should be taken into account. As Tx UE is not aware of reception UE’s capability in broadcast SL transmission solution, Rx capability should not be taken into account at least in the AS layer. 

	Qualcomm
	a)
	Yes, the UE’s PC5 CA capability (for both TX and RX) shall be considered. UEs with limited RX capability needs to be considered as a practical use case. 

For Mode 3, it is up to eNB to select TX carriers because UE has already reported its capability to the network in RRC signaling. For mode 4, it is up to UE implementation to take account this PC5 CA capability in the TX/RX carrier selection 

	CATT
	a)
	It is quite clear that UE capability is considered to select CC. 

	ZTE
	a)
	vehicle UE’s simultaneous Tx capability determines on which CCs the vehicle UE could perform PC5 CA. The PC5 CC selection should be based on vehicle UE’s Rx/Tx capability.

	Samsung
	a)
	It is helpful to consider UE capability.

	Intel
	a)
	Agreed with Ericsson 

	LG
	a)
	Yes, it is obvious that Tx carrier selection is performed based on the UE’s capability. 

We have a sympathy with QC that in case of mode 3, the network would select the number of carriers based on the reported UE capability. This is similar to legacy CA/DC procedure.

In case of mode 4, the UE would determine the number of carriers for transmission. However, this depends on UE implementation.

With this reasoning, we does not see a need to specify something special for Tx carrier selection.


Option a): 9

Option b): 1

Rapporteur Comments: An overwhelming proportion of the companies choose Option a) and thus think that the PC5 CA capability should be considered for the UE’s Tx carrier selection. So RAN2 is suggested to agree on this point. 

Proposal 5: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective.
Interactions between upper layer and AS layer for Tx carrier selection
The next question is to discuss which of the following information, as collected from company contributions [5][6][10], would be provided by the upper layer to the AS layer for the Tx carrier selection purpose. 
· Question 5:  Which of the following information should be provided from the UE’s upper layer to the AS layer, as necessary inputs for the UE’s Tx carrier selection? (In addition to the selection of following options, please companies also clarify whether the parameter(s) they select is/are on a per-packet basis or statically configured.)
a) PPPP of the packet. 
b) Carrier frequency set applicable to the packet.
c) Service Type of the packet. 
d) Priority associated with each carrier frequency. 
e) Mapping between service types and carrier frequencies. 
f) Others.
	Companies are invited to provide views below for Question 5

	Companies
	Preferred options
	Comments if any

	Ericsson
	a), e)
	The PPPP represents the V2X service type as per higher layers configurations with associated QoS. Additionally, the mapping between V2X service types and carrier frequencies is provided by higher layers, where each carrier has different priorities depending on whether ITS safety/non-safety is supported. 

In this sense, option b), c), d) are already part of option a) and e).

To support this option, we do not see relevant specification changes compared with Rel.14.



	OPPO
	a), c), d), e)
	In TS 23.285 and TS 24.386, a), c), e) has already been captured.
If the final conclusion is to allow PPPP-carrier mapping, e) is needed as well.

	Huawei
	c)
	RAN2 needs to decide which parameter can be used for indicating the service type, based on which the UE can select proper Tx carrier in the AS layer.  From our perspective, Option c) can be on a per-packet basis. 

	Nokia
	a), b)
	a) is already supported since ProSe. b) should be sufficient for the AS layer’s CC selection by knowing on which carrier that delivered packet can be transmitted.

	Qualcomm
	a) b) per-packet

d) semi-static configuration
	In TS 23.285, a mapping between service types and frequencies has been provided by V2X layer (upper layer), thus, for a packet with certain service type, the V2X layer could determine the applicable frequency set based on service identifiers (e.g, PSID) and only provide the carrier set. There is no need to provide neither the mapping itslef nor the service type.
PPPP is useful for carrier scheduling, especially when resources are limited in high-priority carriers. Both a) and b) are passed from upper layer with each TX packet.
Among the allowed carriers, there needs a way to prioritize the carrier. Otherwise, a TX UE may randomly distribute its packet flow of various V2X services into multiple carriers and the RX UE probably is unable to listen to all carriers (e.g., with limited RX chains). So the RX UE may end up only recovering an incomplete portion of each packet. To avoid this case, the TX carrier selection needs to be prioritized based on a common ranking of carriers, which is available to both TX and RX UE. Such information needs to be done with some system-wide provisioning. This could be come from upper layer (V2X layer), but we do not want to exclude the design option that this can be also configured in RRC (in SIB or dedicated signaling).


	CATT
	a), e)
	If the UE has the priority of each packet, then the UE can figure out the servie type by the priority (a), and map the packet to the right CC (e). Option b, c. d are acturally in the procedure of how the UE selects CC. 

	ZTE
	c), e)
	The service type of packet and the mapping between service type and frequencies could be provided from upper layer to AS layer to guide the carrier selection.

	Samsung
	a), e), f)
	In Question 2 about QoS-related Parameter, PPPP, Mapping between service types and carrier frequencies and Reliability parameter are needed for AS layer. 

PPPP – per packet

Reliability – per packet

Mapping between service types and carrier frequencies – statistically configured

	Intel
	a), e)
	As per Ericsson’s comment, b) and c) are relayed by the PPPP and the mapping between various service types and the associated carrier frequencies in the upper layers.

	LG
	b)
	In legacy operation b), a packet with available a set of carriers can be delivered from upper layer to AS layer. We think legacy b) operation enough to perform the Tx carrier selection without specification impact in AS layer. It is not clear whether awareness of other factors (e.g., service type, priority) is beneficial.


Option a): 7

Option b): 3

Option c): 2

Option d): 2

Option e): 6

Option f): 1

Rapporteur Comments: Only Option a) and Option e) received a majority of companies’ supports. Companies’ views for Option a) were considered together with those for Question 2, and are thus covered by Proposal 2. Also, passing PPPP from upper layers to the AS layer has already been enabled, so it does not need to bring extra RAN2 impact from the perspective of cross-layer interaction. Companies’ views for Option e) were considered together with those for Question 3, and are thus covered by Proposal 4. Other options do not receive support from a majority of the companies. 

Then, since the majority of companies’ preference for this question is already captured in earlier proposals and other options are lack of sufficient support, it is no needed to have a dedicated proposal for this question.
PC5 CA configurations related to Tx carrier selection
As discussed in [4][5][6], an appropriate set of PC5 CCs should be available for the UE to select from. As shown above and proposed in [4][5], PC5 CCs may need to be service type specific, so that the UE can select the Tx carrier from a proper set of PC5 CCs which matches the service to be transmitted. Despite the mapping between service type and V2X frequencies in the upper layers, it is pointed out in [4] that the set of PC5 CCs may further need providing by the eNB (for in-coverage) or pre-configuration (for out-of coverage) in the AS layer. One possible reason may be that the PC5 CCs actually supported by an eNB is up to the eNB’s own decision, so that different eNB may support different PC5 CCs and the V2X frequencies in the upper layer may not reflect those carriers actually supported by each eNB. To this end, it seems also needed to have a PC5 CC set configured in the AS layer. 
Considering that different services correspond to different applicable carrier frequencies, such PC5 CC set (if needed) may be configured by service types. So the following question is whether the PC5 CC set need providing in the AS layer by the eNB/pre-configuration and, if yes, how. 
· Question 6:  Should a set of PC5 CCs be configured in the AS layer by the eNB and/or pre-configuration for the UE’s Tx carrier selection?

a) Yes. Each service type is (pre-)configured with a set of PC5 CCs in the AS layer. 
b) Yes. One common set of PC5 CCs is (pre-)configured in the AS layer.
c) No PC5 CC set needs to be (pre-)configured in the AS layer.
d) Others.
	Companies are invited to provide views below for Question 6

	Companies
	Preferred options
	Comments if any

	Ericsson
	c)
	As pointed out in our answers to question 3) and 3a), a function which maps services to frequencies is already supported in Rel.14 and as indicated in the LS from SA2 R2-1707643, it is provided by higher layers. 

Therefore, it is not clear to us what kind of changes are needed in Rel.15. This functionality should be already in place to support mode-3, mode-4, as well as for in-coverage and out-of coverage operations.

	OPPO
	a)
	Given the service type to carrier mapping in upper layer (e.g., if PSID/ITS-AID X maps to carrier 1,2,3), Rx UE has to monitor all the mapped carriers (i.e., carrier 1,2,3) to avoid packet loss. However, under the help from network (e.g., if the network observes that the traffic load on each mapped carrier is rather low), network can reduce the number of mapped carriers (e.g., reduce the mapping to carrier 1 only) in order for power saving of Rx UE, which can turn off the Rx chain at other carriers (e.g., carrier 2 and 3) for a specific service type. This power saving benefit can only be achieved in in-coverage case with network assistance.
b) seems to hint the CCs are configured by network regardless of the service type to carrier mapping, which is not the case, i.e., the network configuration should always follow the service type to carrier mapping first of all.

	Huawei
	a)
	Though there can be a mapping between service type and V2X frequencies configured in the upper layer, please note that such V2X frequencies are actually all available frequencies in a geographical region (as can be seen in [9]), and may thus be much more than the PC5 CCs each eNB can actually support in the AS layer (i.e. maximum 8 PC5 CCs as in the WID). In practice, the set of carrier frequencies configured by an eNB for a specific V2X service may just be a subset of the frequencies configured in upper layer. 
Therefore, the V2X frequencies provided in the upper layer and the PC5 CCs actually configured by an eNB are not completely the same thing, and the former are not necessarily reflect the later.  As a result, the eNB itself needs to indicate which frequencies are really supported in the AS layer by the current network.

	Nokia
	b)
	Common set of PC5 CCs regardless of different service type configured by eNB should be sufficient in the AS layer, however,  different UE may be configured with different set of PC5 CCs using dedicated RRC signaling.

	Qualcomm
	c)
	First, the service type to carrier set mapping is provided by upper layer. And such a configuration is usually provisioned by the network server for V2X. So, there is no need for another per-service CC set to be configured separately by AS layer because service type is no need to be visible to AS layer.

Regarding all the CCs in this super set provided in the upper layer set of frequencies (for all different services) configured per geographical area, whether there is a need to further reduce this CC set on a per-cell basis, we think this reduction will be done by eNB anyway in mode 3 scheduling process. For mode 4, the SIB21 will not include any radio resources for the CCs the eNB does not support. So, it actually already implicitly indicates the carriers the eNB does support. There is no need to have another separate while list broadcasted in SIB for this purpose. Please note that Qualcomm does support to have a list of CC with its priority order configured for the purpose of ranking the carriers, as we indicated in Question 8. 

	CATT
	c)
	A V2X UE is a mounted terminal in the vehicle which has continuous power supply. Only P-UE has to take into account power saving.  
Upper layer shall have the knowledge of all available CCs in the specific region. 

	ZTE
	b)
	One common set of PC5 CC configured by eNB is enough. It indicates the PC5 CCs that are supported by the eNB. 

	Samsung
	c)
	V2X frequency and service type is already mapping and supported at upper layer.

	Intel
	b)
	Looking at the proposals in [4], the main motivation for defining this PC5 CC set seems to be to allow the NW to control the set of CCs that the UE can transmit on. In this regard, the NW can configure a common set of CCs supported for transmission to be taken into account by the CC selection procedure.

	LG
	c)
	There is no need to consider additional procedure since legacy operation is enough to configure a set of carriers to the AS layer. 

The eNB broadcasts (or via dedicated signaling) configuration of multiple resource pools associated with the supported carriers. The existing signaling already supports this.


Option a): 2

Option b): 3

Option c): 5

· Needed, but already supported by legacy R14 V2X: 3

· Not needed at all: 2

Option d): 0
Rapporteur Comments: There are totally 5 companies that think a set of PC5 CCs should be configured in the AS layer by selecting either Option a) or Option b). Also, from comments provided by the companies choosing Option c), three of them also agree that there should be an AS layer configured PC5 CC set, but further think that this is already enabled by legacy Rel-14 V2X, thus no need for any extra standard impact. 

As a result, a majority of the companies (totally 8) agree that there should be a PC5 CC set configured in the AS layer, but it is still controversial whether/what further standard change is needed to support it for Rel-15 eV2X. 

Proposal 6: At least one set of PC5 CC should be configured in the AS layer for the UE’s Tx carrier selection. FFS whether this can be already supported by Rel-14 V2X or further standard changes are needed for Rel-15 eV2X.
It is also mentioned in [6] and [11] that the concept of PCC and SCC may also need considering in PC5 CA. It is also discussed in above references that some important control information on PC5 (e.g. synchronization, broadcast, PC5 signalling, etc) may be transmitted on the PCC. Besides, data packets may also be preferentially transmitted on the PCC, which can facilitate the UEs to find proper carriers to receive most of the service data.  
Also given that different services may have different sets of applicable carrier frequencies, it is possible that the PCC and SCC(s), if needed, configured for one service may not also apply to another service. Hence, it sounds reasonable that the PCC and SCC(s) may be configured by taking into account the service type.
· Question 7:  From a UE’s perspective, does a PCC need (pre-)configuring among the PC5 CCs for the UE’s Tx carrier selection?
a) Yes. Each service type is (pre-)configured with a PCC/default carrier of its own.
b) Yes. One common PCC is (pre-)configured, regardless of service types.
c) No PCC is needed. 
d) Ask RAN1 if PCC/SCC shall be configured independently
e) Others.
	Companies are invited to provide views below for Question 7

	Companies
	Preferred options
	Comments if any

	Ericsson
	c)
	The need to have PCell and SCell concept over sidelink is not clear. In Uu carrier aggregation, PCell and SCell have different roles and some operations can only be performed over the PCell (e.g. RLM monitoring only on the PCell, the PCell cannot be deactivated, SPS is only performed on the PCell, the PCell cannot be cross-carrier scheduled, etc.).
In sidelink, it is not clear why certain operations can only be performed in the sidelink PCell. For example, RAN1 has already agreed that “in rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier” which implies that at least the PC5 control signalling will be sent in the same carrier as data. 

If there are other control information (e.g. SLSS) which deserve to be sent only in “special” carriers, it should be agreed in RAN1. However even in that case, the usage of the Uu terminology “PCell/Scell” does not seem to be motivated for the sidelink.

	OPPO
	c)
	PCC/SCC differentiation in cellular system (RLM/Access/PUCCH on PCC) is not applicable to PC5 interface directly. 
For SLSS/PSBCH delivery, it is more of RAN1 scope. For carrier selection of specific service type, the essential problem is to identify the input factors (CBR, PPPP, and etc.), which cannot be solved by defined role of PCC/SCC.

	Huawei 
	a)
	We think that a PCC, or a default carrier (regardless of the terminology), can be configured, so that the Tx UE can preferentially select such default carrier to transmit the V2X service data and/or control information (e.g. PC5-S signalling, PC5-C, etc.). Also, we think such a default carrier can be service specific, considering that different service types may have different carriers applicable. 
The main purpose of introducing such default carrier is to reduce the complexity of monitoring the control information and V2X messages on the reception side, i.e. the UE may first monitor the default carrier of a service which it is interested to receive.

	Nokia
	c)
	For the moment, we don’t see it essential to have PCC. However, b) might be more future-proof.

	Qualcomm
	c)
	The PCC and SCC concept is only useful for cross-carrier scheduling. As RAN2 and RAN1 has agreed not to support cross-carrier scheduling in sidelink CA for mode 4, there is no need to have PCC. The “default carrier” concept can be included as part of the “priority list of CC” which is configured by RRC by eNB (as explained in Question 8 by Qualcomm). There is no need to create a PCC/SCC split for this. 

	CATT
	d)
	RAN1 is discussing the use case to configure PCC/SCC. Some companies in RAN1 proposed to have an anchor CC to the transmission of sync messages, but no conclusion so far. RAN2 can send a LS to RAN1  to ask RAN1’s view and conclusion of distinguishing PCC/SCC in eV2X. 

	ZTE
	b)
	It is beneficial to differentiate the PCC and SCC for PC5 CA. PCC may be responsible for the delivery of PC5 control signalling, e.g., NAS control signaling, PC5 AS control signaling, MAC CE, etc. SCC only carries V2X service data transmission/reception. However, it is not necessary to further associate the PCCs with specific service types.

	Samsung
	c)
	In Uu CA, the UE only has one RRC connection with the network and this cell is referred PCell. However, in sidelink, there is no RRC connection. And it is not clear to define PCell or default carrier such as Uu CA.

	Intel
	b)
	The use of PCell/SCell over sidelink, while not directly related to cross-carrier scheduling, should be useful for carrying synchronization and other control signaling, i.e. by assigning a single CC as an anchor carrier that the receiving UE can rely on. Besides, it can also prove to be useful for advanced V2X use cases where a PCC can carry control signaling. 

	LG
	c)
	As the gain of having PCC/SCC in sidelink is not seen from our view, the concept of PCC/SCC separation is not necessary at least from the RAN2 point of view. 


Option a): 1

Option b): 2

Option c): 6

Option d): 1 (ask RAN1)

Option e): 0
Rapporteur Comments: A majority of the companies think that there is no need to have a PCC concept like in Uu CA also for PC5 CA. There are also some companies selecting Option a) or Option b) and thus supporting to have at least a PC5 PCC in the AS layer. Also, a company provides information that RAN1 is still discussing the possibility to introduce an “anchor CC” and think that this issue may depend on RAN1 conclusions. In this case, it is suggested to further discuss this issue online. 

Proposal 7: RAN2 is suggested to further discuss whether a PCC needs supporting for the Tx carrier selection in PC5 CA.
· Question 7a:  From a UE’s perspective, does a set of SCC(s) need (pre-)configuring among the PC5 CCs for the UE’s Tx carrier selection?
a) Yes. Each service type is (pre-)configured with a set of SCC(s) of its own.
b) Yes. One common set of SCC(s) is (pre-)configured, regardless of service types.
c) No SCC(s) are needed. 
d) Ask RAN1 if PCC/SCC shall be configured independently
e) Others.
	Companies are invited to provide views below for Question 7a

	Companies
	Preferred options
	Comments if any

	Ericsson
	c)
	For the same reasons mentioned in question 6), we believe that the usage of SCell is not needed.

	OPPO
	c)
	As answered for Question 6.

	Huawei
	a)
	The network configuration should not only provide the PCC/default carrier (regardless of terminology) for a specific service, but also indicate other carriers that can be used. 

	Nokia
	c)
	No need to have SCC configuration if set of PC5 CC is configured as discussed in question 5.

	Qualcomm
	c)
	Please see comment in Question 6

	CATT
	d)
	As our view in Q6, we should ask RAN1 first. 

	ZTE
	b)
	It is necessary to configure the SCC from UE’s perspective. SCC is used to transmit the V2X service data. However, it is not necessary to further associate the SCCs with specific service types.

	Samsung
	c)
	As answered for Question 6

	Intel
	b)
	Following the same arguments as in question 6)

	LG
	c)
	The concept of PCC/SCC is not necessary.


Option a): 1

Option b): 2

Option c): 6

Option d): 1 (ask RAN1)

Option e): 0
Rapporteur Comments: Same situation as the above Question 7.  

Proposal 7a: RAN2 is suggested to further discuss whether a set of SCC needs supporting for the Tx carrier selection in PC5 CA.
In legacy LTE, a SCC can be actually used by the UE only if it is activated by the eNB, and can no longer be used if it is deactivated. Similarly, in [6] and [11], it was discussed that the activation/deactivation mechanism for SCC may also need considering by RAN2 for PC5 CA. The following question is about this aspect. 
· Question 8:  Are the activation/deactivation mechanisms needed before the UE is allowed to select a carrier (e.g. a SCC) for PC5 CA transmission?
a) Yes. 
b) No.
	Companies are invited to provide views below for Question 8

	Companies
	Preferred option
	Comments if any

	Ericsson
	b)
	The activation/deactivation of the SCell specified in Uu occurs via MAC CE and that allows the UE to save battery, e.g. no monitor PDCCH, no transmit CQI, no transmit PUSCH etc. In this way, the UE can keep the RRC configuration of the SCell and the overhead of RRC signalling is reduced.

It is difficult to see how the above Uu functionalities can be translated in the sidelink and what benefit that would bring. For example, it is not clear how the eNB would deliver activation/deactivation commands for idle-mode UEs. Additionally, given that there might be other RRC criteria (e.g. CBR, PPPP, etc.) to (de)configure a carrier, it is not clear what additional criteria will be used by the eNB to activate/deactivate a carrier.  

	OPPO
	b)
	In cellular system, (de)activation of a carrier is for UE to stop monitoring PDCCH / sending PUCCH on that carrier to save power. However, for PC5 interference, there seems no obvious gain from this UE-specific carrier (de)activation operation: since even though the UE is prevented to use the carrier for transmission, considering that the reception on that carrier still has to be kept to receive messages from other UEs in the proximity, the power consumption is not optimized anyway.
In other words, we only believe that power saving gain can be achieved if all UEs in proximity are prohibited from using a carrier and thus Rx chain can be turned off, as answered for Question 5.

	Huawei
	a)
	The SCC activation/deactivation mechanism of CA on Uu interface may be considered to extend to sidelink. If there is no activation/deactivation mechanism, the UE may not be able to know when a given carrier can actually be used by other UEs, thus unable to decide a proper time to monitor it. As a result, there may be mismatch between the time when a UE starts to select/use a carrier for transmission and the time when other UEs begin to monitor the carrier. 

	Nokia
	
	We would like to clarify whether CC activation/deactivation here refers to MAC CE-based mechanism similarly as in LTE Uu. If so, we don’t think it is needed. For SL CA, CC management (e.g. add/remove/change) would be sufficient.

	Qualcomm
	b)
	Agree with OPPO and Ericsson.

	CATT
	
	As Q6, ask RAN1 if PCC/SCC shall be configured independly

	ZTE
	a)
	Considering the dynamic change of V2X traffic, vehicle UE does not always require the simultaneous transmission over multiple PC5 carriers. If UE does not receive any data from a certain PC5 CC for a period of time, the UE may deactivate this CC. It means that the UE will not monitor this CC any more until this CC is activated again. From the transmitter’s perspective, if the vehicle UE does not need to transmit over multiple PC5 carriers, it may also explicitly send the CC deactivation indication to the receiver UE. In this way, the power efficient sidelink reception could be achieved.

	Samsung
	b)
	Even if PCC/SCC is defined, the operation of activation/deactivation mechanism is not proper in SL CA. because MAC CE is delivered during RRC Connected like LTE Uu.

	Intel
	a)
	If RAN2 agrees to the use of PCell/SCell for V2X over sidelink, then it naturally follows that there would be a need of some activation/deactivation mechanism. 

	LG
	b)
	The activation/deactivation mechanism for SCC is not needed.


Option a): 3

Option b): 5

Rapporteur Comments: A majority of the companies choose Option b) and thus do not think that the activation/deactivation mechanism is really needed also in case of PC5 CA. As further read from the companies’ comments, it is actually the Uu-like SCell activation/deactivation scheme (i.e. via MAC CE) that the majorities do not think should be supported on PC5. 

Proposal 8: The Uu-like SCell activation/deactivation mechanism is not needed for UEs’ Tx carrier selection in PC5 CA.
In [5], it is also proposed to have a priority order for the PC5 CCs. This is mainly proposed to accomodate UEs with different capabilities and thus to avoid the mismatch problem that the UE selects to transmit on a carrier to which some other UEs as receiver may not be listening. By such a priority order, the UEs as transmitters may preferentially select those higher-priority carriers which are just the carriers those UEs with limited Rx capability are also monitoring. 
Now that we already agreed to consider the limited Rx chain case for PC5 CA, the above priority order, which may have some impact on Tx carrier selection, may be worth being considered. In [5], such priority order is used in combination with PPPP to determine the subset of carriers used for each TX packet.. On the other hand, such priority order (if needed) may also be configured for the PC5 CCs corresponding to each service respectively.  
· Question 9:  Should the PC5 CCs be configured with a priority order which the UE’s Tx carrier selection should follow?
a) Yes. Each service type is configured with a priority order for corresponding PC5 CCs. 
b) Yes. Each PPPP is configured with a priority order for corresponding PC5 CCs.
c) Yes. One common priority order is configured for all PC5 CCs. 
d) No such priority order is needed. 
e) Others.
	Companies are invited to provide views below for Question 9

	Companies
	Preferred options
	Comments if any

	Ericsson
	d)
	It is not clear how this option would interact with the other possible options mentioned in the other questions, e.g. how that would interact with the CBR criteria. For example, with this CC priority order, the UEs might be forced to transmit high priority data on the same high priority carrier until it gets congested, while instead the UEs could have tried to transmit on other carriers which have less priority, but which are less congested.
Additionally, this seems to also require more UE complexity and lead to higher battery consumption, because a transmitting UE might be forced to use multiple carriers for different PPPPs in the buffer, rather than trying to consume as less resources as possible to limit battery consumption and resource utilization.
If the intention of this proposal is to aid the receiver with limited RX capability, we remind that ITS safety and non-safety services are mapped to different carriers (as per higher layer configurations), therefore the receiving UE would simply try to at least monitor ITS safety carriers which are defined by regulation (as per Rel.14 assumption).


	OPPO
	e)
	We agreed with the motivation to use a priority order to accommodate UEs with different capabilities, and to align the carrier selection between Tx UE and Rx UE.
However, given the mapping between PPPP and carrier as discussed above, we believe that the PPPP-carrier mapping (if any) is already enough to implement it (i.e., Rx can tune its limited Rx chain to the carrier mapped to high priority levels). Considering that the ordering is needed for each specific service type, each service type is configured with such PPPP-carrier mapping for corresponding PC5 CCs.

	Huawei
	e)
	We think that an explicit priority order attached to each carrier may not be needed. Instead, we think that some common rules/criteria may be configured, so that the Tx/Rx UEs, by following such rules/criteria, are able to select Tx/Rx carriers in a consistent order. 

	Nokia
	d)
	Such priority order may not help much from Rx chain limitation perspective if UE anyway can use all CCs in allowed CC set to transmit. But such priority order on the CC selection may result in unbalanced CC usage, which is not efficient from resource utilization perspective.

	Qualcoomm
	c)
	The motivation to use a semi-static priority list of CC set is to solve the mismatch problem between TX and RX, so this priority order has to be a common list. In this approach, the application layer informs the V2X layer of the application layer currently running in the UE and the V2X layer performs the semi-static (RRC) configuration for the lower layers with the list of carrier frequencies and associated priorities. A UE with limited receiver chains should then simply tune its receiver to the carriers of highest priority(es) among the list of carriers. This same priority list is also RRC-configured in TX UE, so that the Tx-Rx mismatch problem can be avoided. The problem with PPPP-based priority order is too complex to be configured by RRC, given the SIB size limit and other concerns. So, PPPP is better kept separated from this common priority list, but PPPP is used together with this list to make final decisions of TX carrier selection for each packet.  

	CATT
	e)
	If each CC is configured with a PPPP or service type, the UE would select CC based on the PPPP of each packet, then why we define the previous rules/criterais above that we discussed 

	ZTE
	d)
	If the PC5 CCs are configured with a priority order for carrier selection, it is likely that some of the CCs are overloaded while other CCs are seldom used. The total PC5 CCs are not fully utilized. On the other hand, considering the data split or data duplication on multiple carriers, the Tx UE needs to transmit over multiple carriers for the data packets of certain service type. If the Rx UE is interested to receive the data packeta of this service type, it has to be implemented to be able to receiver over multiple available carriers. Otherwise, it inevitably misses some packets. Even if priority order is defined, it could not completely solve the problem. 

	Samsung
	d)
	It is enough to support selection of TX carrier with parameters (e.g., CBR, PPPP, reliability, service type). A set of parameters can be considered as priority.

	Intel
	d)
	There is no clear motivation of defining a priority order for each PPPP. On the other hand, a priority order for each service may allow some differentiation between higher and lower priority V2X services. However, at present, there is no clear need for such differentiation, given that each service will be associated to a limited set of V2X carriers and the AS layer needs to have the flexibility to choose among them based on other criteria discussed above.

	LG
	d)
	We think that such priority order is not necessary. 
From a perspective of Tx carrier selection, usage of carrier seems to be unbalanced between carriers if we have a fixed priority. Moreover, it may be congested on a carrier (or some carriers) due to the ordering priority. From the transmitting UE point of view, it would be desirable to select another carrier regardless of the priority. 
From a perspective of Rx carrier selection, since the selected Tx carrier of other UEs may be different, basically we think a UE has to receive all the configured carriers regardless of the priority order.


Option a): 0

Option b): 0

Option c): 1

Option d): 6

Option e): 3

Rapporteur Comments: A clear majority of the companies think that such a priority order PC5 CCs is not needed. With more insight to companies’ comments, the main reason of not having such priority order include the concerns on the overload on some carriers and the uncertainty on how such priority order interoperates with other criteria, e.g. CBR, PPPP, etc., as discussed above. Also, some companies choosing Option e) think that an order for the choosing of Tx carrier may be helpful, but may be realized by some common rules/principles for the UE to follow, instead of an explicit priority order configured for each carrier. 

Proposal 9: PC5 CCs may not need configuring/associating with a priority order that explicitly defines the order in which Tx/Rx carriers are selected by UEs. FFS whether some other forms of order for the Tx/Rx carrier selection are needed.
2.2 Carrier Selection for PC5 CA Reception
It is obvious that if a UE is with sufficient Rx capability to receive all the PC5 CCs configured by the NW (i.e. up to 8 PC5 CCs as in the WID) simultaneously, then the UE does not need to perform Rx carrier selection, because it only needs to listen to all the PC5 CCs thus avoiding any reception missing. 
By contrast, for the UEs with limited Rx capability, things may be different. As a UE with limited Rx capability is not able to monitor all possible PC5 CCs at the same time, there is likely a mismatch between the carrier(s) selected for Rx by the UE and the carrier(s) selected for Tx by surrounding UEs (i.e. the carrier selected by the UE to Receive is different from those selected by the UEs to Transmit), if no proper Rx carrier selection is conducted. Such “Rx-Tx” carrier selection mismatch may further lead the UE to miss the reception on some carriers. This might have been avoided, if an appropriate Rx carrier selection mechanism is available to align the carriers selected for Rx and Tx. Hence, the following question is whether Rx carrier selection is needed for the UEs with limited Rx capability. 
· Question 10:  As for a UE with limited Rx capability (e.g. unable to monitor all possible PC5 CCs for the service it is interested to receive), is Rx carrier selection mechanism needed to avoid reception missing due to “Rx-Tx” carrier mismatch?
a) Yes. 
b) No. If this option is chose, please clarify how to handle the “Rx-Tx” carrier mismatch issue for the UEs with limited Rx capability.
	Companies are invited to provide views below for Question 10

	Companies
	Preferred options
	Comments if any

	Ericsson
	b)
	As in Rel.14, it can be assumed that UEs with limited RX capability should at least monitor carriers configured for ITS safety. This also ensures to have backwards compatibility between Rel.15 transmitting UEs and Rel.14 receiving UEs, i.e. the TX carrier selection scheme that RAN2 specifies should take into account the presence of Rel.14 receiving UEs.
Therefore, we do not understand why this Rel.14 assumption on RX capability should be changed.

	OPPO
	a)
	The specification should allow maximum UE implementation flexibility, i.e., limited Rx chain. And PPPP-carrier mapping is enough to ensure this flexibility without additional effort.

	Huawei
	a)
	In RAN2 #99, it was already clarified and seemed to reach consensus that V2X phase 2 in Rel-15 should not be limit to only ITS carriers (i.e. on Band 47), and there was no such restriction from the very beginning even in Rel-14 from RAN2 perspective. Therefore, for V2X phase 2, it is necessary to consider eV2X Tx/Rx not only on ITS carriers, but on carriers on other bands as well. 

So, we think it should be possible for the NW to configure sidelink carriers, which are not on Band 47, for both safety and non-safety related services. Particularly, for the safety-related services, the NW can surely configure Uu carriers for their transfer for Uu-based V2X; this means that safety related services are allowed to be transmitted on non-ITS carriers and this should apply to sidelink as well. Moreover, non-safety related services should be with less restriction and thus not subject to ITS carriers, either. 

As a result, in case both safety or non-safety services are likely to happen on either ITS or non-ITS carriers as per NW configurations; then even if a UE can monitor multiple ITS carriers for safety related services (as assumed in Rel-14), a UE with limited Rx capability still has the risk to miss the reception of the safety related services and/or its interested non-safety related services on the carriers configured on other bands. So, we think potential issues exist for UEs with limited Rx capability, and should be addressed by Rx carrier selection.

	Nokia
	b)
	If UE cannot monitor all PC5 CCs for the services it is interested in due to limited Rx capability, such UE should select to activate those services that its Rx capability can handle. 

	Qualcomm
	a)
	Yes, a Rx carrier selection mechanism is needed to work in tandem with the Tx carrier selection scheme. Qualcomm regard this is a necessity. Otherwise, the usefulness of carrier aggregation is severely limited. As explained in 2.1.3, the UE with limited RX capability needs to be better served if it can sync with Tx UE about which carriers are prioritized. 

	CATT
	a)
	The service type to CC mapping table is provided to the UE, then the UE can select the service that it is interested in to monitor. The number of Rx chain in the UE shouldn’t be less than the service that the UE supports. 
As we indicated in the previous questions, upper lay has the mapping table between service type and frequency. Given what we agreed in Rel_14, the UE shall have Rx chains no less than the number of public safety carriers, so upper layer shall instruct AS layer that all safety CC should be monitored, non safety CC is up to the instruction of upper layer. 


	ZTE
	a)
	Basically, the Rx UE should have knowledge of the mapping between service type and frequencies. So the Rx UE should only monitor the frequencies associated with interested service type. 

	Samsung
	b)
	UE knows the mapping information between service type and frequency. UE with limited RX capability can monitor carrier mapped to safety service. For non-safety service, it is UE implementation.

	LG
	b)
	We consider it is a basic assumption that all the carrier(s) configured for a service is should be monitored when a UE is interested in the service. Otherwise, the receiving V2X UE would miss the important V2X messages. We think this should not be the proper operation for V2X.


Option a): 5

Option b): 4

Rapporteur Comments: A majority of the companies admit that the reception missing problem do exist for Rx capability limited UEs, and thus Rx carrier selection should be designed in order to alleviate such problem as much as possible. However, some other companies do not think there is a problem for the Rx capability limited UEs, and main reasons for this, as further seen from the comments, include: 1) some companies assume all UEs should be able to monitor all carriers it is interested, thus no reception problem existing; 2) some others think that that all UEs should be assumed as able to monitor all ITS safety carriers and that is already enough. So RAN2 is suggested to further discuss this issue online. 

Observation 1: It is controversial among companies whether there is the risk of missing reception by the UEs with limited Rx capabilities and whether this is regarded as a problem that needs addressing 

Proposal 10: RAN2 is suggested to further discuss whether Rx carrier selection is needed for UEs with limited Rx capability for PC5 CA, by taking into account the key issue in Observation 1.
3 Conclusion
This contribution summarizes the email discussion on the Tx carrier selection for PC5 CA in eV2X. Based on companies’ input, the observations and proposal achieved by this emaili discussion are shown as follows. 
For Tx carrier selection:
Proposal 1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
Proposal 2: PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective.

Proposal 3: RAN2 is suggested to further discuss whether Required Reliability and/or Required Data Rate of the V2X packets to be transmitted should be considered for the UE’s Tx carrier selection in PC5 CA.
Proposal 4: Service type and/or Mapping of service types and V2X frequencies should be considered for Tx carrier selection in PC5 CA, but RAN2 is suggested to discuss if either/both of them need to be visible in the AS layer or have any RAN2 impact, by taking into account the latest progress in upper layer Spec (e.g. CT1).
Proposal 5: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective.
Proposal 6: At least one set of PC5 CC should be configured in the AS layer for the UE’s Tx carrier selection. FFS whether this can be already supported by Rel-14 V2X or further standard changes are needed for Rel-15 eV2X.
Proposal 7: RAN2 is suggested to further discuss whether a PCC needs supporting for the Tx carrier selection in PC5 CA.
Proposal 7a: RAN2 is suggested to further discuss whether a set of SCC needs supporting for the Tx carrier selection in PC5 CA.
Proposal 8: The Uu-like SCell activation/deactivation mechanism is not needed for UEs’ Tx carrier selection in PC5 CA.
Proposal 9: PC5 CCs may not need configuring/associating with a priority order that explicitly defines the order in which Tx/Rx carriers are selected by UEs. FFS whether some other forms of order for the Tx/Rx carrier selection are needed.
For Rx carrier selection:
Observation 1: It is controversial among companies whether there is the risk of missing reception by the UEs with limited Rx capabilities and whether this is regarded as a problem that needs addressing 

Proposal 10: RAN2 is suggested to further discuss whether Rx carrier selection is needed for UEs with limited Rx capability for PC5 CA, by taking into account the key issue in Observation 1.
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