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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	The detailed objectives of this work item are as follows:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);


At the RAN1#89, the sidelink carrier aggregation for V2X communication was discussed. The following agreements have been made by RAN1 WG:

	Agreement:

· For RAN1, three use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
Agreement:

· In Rel.15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier.

· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID


In this contribution, we discuss sidelink carrier aggregation for mode-4 LTE-V2V communication. Our views on other V2V enhancements are provided in our companion contributions [2]-[11].
2 Sidelink Carrier Aggregation
2.1 Use Cases
Capacity improvement from the receiver perspective

Capacity improvement from the receiver perspective is beneficial for V2V sidelink communication. It was observed in R14 evaluations that V2V scenarios can be quite dense and therefore 10-20MHz of carrier bandwidth may not be sufficient to operate system without congestion control and packet drop. In order to improve V2V sidelink performance more bandwidth is needed at least from reception perspective. This problem can be addressed by UEs supporting multiple CCs from RX perspective. From transmission perspective single TX CC can be sufficient for day one use cases. In this scenario UE can transmit in one of the CCs and receive from multiple CCs.
Parallel transmission of MAC PDUs (different payload)

This use case mainly targets V2V sidelink peak rate enhancements from single UE perspective. If UE has multiple transmitter chains this problem is mainly out of RAN1 scope (possibly except TX power considerations). If UE has single TX chain peak rate enhancements cannot be achieved since only single CC is used at a time. On the other hand depending on protocol UE with single TX chain may be allowed to use more resources across multiple CCs and thus increase its aggregated data rate.
Parallel transmission of replicated copies (same packet)

This use case mainly targets V2V sidelink reliability enhancements. For reliability enhancements different implementation options for packet replications are possible. From RAN1 perspective it needs to be decided whether L1 replication and combining across sidelink CCs is beneficial. From L1 perspective combining within CC and across CCs can provide similar benefits if CCs have similar channel propagation conditions. The V2V channel propagation characteristics in different CCs of ITS band are expected to have similar properties. The interference environment across CCs may or may not be similar depending on the overall system design.
Signal combining is already supported within single CC and as it was shown by R14 evaluations target communication ranges with required reliability levels are achieved. Further reliability enhancements need to be discussed and agreed both in terms of reliability target and evaluation scenarios. In order to evaluate reliability and compare different designs proper evaluation methodology needs to be established. In particular, assuming that two options achieve the same reliability level with different spectrum demands the design which provides higher spectrum efficiency should be selected. One of the solutions that can improve reliability under the same amount of spectrum resources is to apply advanced receiver for V2V communication as proposed in [12] (i.e. receiver centric solution). 
Proposal 1
· Capacity improvement from receiver perspective is supported by R15 sidelink CA framework.

· FFS other use cases (require feedback from other WGs, definition of design targets and evaluation methodology)
2.2 Mapping of V2X Services to Sidelink Component Carriers

Various V2X services may differ in terms of spectrum allocation worldwide. The mapping of V2X service types to ITS bands is country/region specific, unless ITS spectrum is globally harmonized in future. The same V2X service type (e.g. road-safety) may be mapped to multiple frequency channels or vice versa, multiple V2X services may be mapped to the single or multiple frequency channels. Sidelink carrier aggregation for vehicular communication can enable flexible ITS spectrum management and efficient spectrum utilization. Terminals supporting carrier aggregation can offer multiple services at the expense of the increased UE complexity and cost.

Observation 1
· Mapping of V2X services to sidelink carriers is out of 3GPP scope.

· V2V CA design should assume flexible mapping of services to sidelink component carriers (CCs).

· Single V2X service can be mapped to a set of sidelink CCs.

· Multiple V2X services can be mapped to a single sidelink CC.

2.3 On UE Transceiver Configurations
The single and multiple transceiver UEs can be used for V2X services. The 3GPP V2X design should support flexible amount of sidelink CCs that can be supported by UE. In addition, the sidelink carrier aggregation can be separately discussed with respect to transmission and reception (i.e. amount of CCs supported for reception and transmission can be different). The UE may be expected to receive on multiple CCs, while share its TX chain(s) among different sidelink CCs.
Proposal 2
· Amount of supported CCs for transmission and reception is up to UE capability. V2X sidelink CA framework is designed to support UEs with various sidelink CA capabilities.

The utilization of multiple transceiver chains for V2V communication can improve system performance over a set of different KPIs including reliability, data rate, etc. From system perspective, the use of multiple CCs (e.g. 2 x 10MHz) may be even more beneficial than using a single CC of a wider bandwidth (e.g. 1 x 20 MHz) due to difference in inband and out of band emission levels as well as due to carrier specific dynamic range considerations.

Observation 2
· Sidelink carrier aggregation require proper consideration of out of band emissions in addition to inband emission.
Proposal 3
· Consult with RAN4 WG on out-of-band emission requirements that can be assumed for sidelink CA framework from single UE (simultaneous transmission and reception on multiple sidelink CCs) and different UE perspectives (ACLR, ACS, etc.)

· Use RAN4 feedback for V2V sidelink CA evaluations.
2.4 Intra-band CA for Simultaneous TX/RX On Different CCs
When multiple sidelink CCs are allocated in the same band (intra-band CA), it may be challenging to TX/RX simultaneously on different CCs due to leakage from TX to RX. This will lead to half-duplex issue across CCs. Therefore if UE transmits on one out of N intra-band CCs UE may not be able to monitor and perform proper measurement on at least adjacent or even all intra-band CCs. Therefore sensing procedure conducted across multiple intra-band CCs should take into account that transmission on at least one of the CCs may prevent proper UE monitoring at other component carriers.
Proposal 4
· In case of sensing on multiple CCs, UE monitors subframes within sensing window except for those in which its transmissions occur on at least one of the CCs (or adjacent CCs).
· Resources corresponding to subframes where transmissions occur are excluded from resources selection window.
3 Design Aspects of Sidelink Carrier Aggregation
3.1 Sidelink Resource Pool Sharing

In LTE R14, the V2V sensing and resource selection procedure is defined per CC (i.e. each CC is processed independently from transmission and reception perspective). If multiple sidelink CCs are aggregated, the sensing and resource selection procedure can operate across a preconfigured group of sidelink CCs. In this case, the PSCCH/PSSCH resource pool can be defined across group of sidelink CCs (i.e. common pool across group of carriers). Alternatively, the resource configuration can be CC specific, but CC specific resource pools PSCCH/PSSCH can be combined into the single pool of resources.
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Figure 1: Sensing and resource selection across multiple sidelink CCs.

The sensing and resource selection across multiple CCs may negatively affect legacy UEs with single transceiver chain capabilities. These UEs are expected to be tuned to the particular channel. In order to address this the same data can be duplicated by R15 UEs across multiple CCs, however it may lead to inefficient spectrum utilization and not desirable from physical layer perspective.
In order to support flexible management of sidelink resources, it is desirable to have CC specific resource configuration. One possible option in that case is to independently select resource at each component carrier and then select the best one for transmission from the set of CCs (see Option 1 in Figure 2). Another possible extension to that option is to enable joint resource selection from multiple CCs (see Option 2 in Figure 2). In this case the sensing procedure and monitoring can be component carrier specific while the resource selection may operate over superset of candidate resources from multiple CCs. This option may be more suitable in terms of sensing when different sidelink resource configurations are applied in different component carriers. Another alternative is to perform joint sensing and resource selection (see Option 3 in Figure 2). In case of joint sensing and resource selection the resources from multiple CCs are first combined into the joint resource pool and then sensing and resource selection procedure operates across that pool. In general this option has higher UE complexity and may have more specification impact especially if different resource pool configuration are applied across CCs.
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Figure 2: Design options for multicarrier sensing and resource selection.
Proposal 5
· Resource selection from candidate resource set aggregated across multiple sidelink CCs is supported.

It should be noted that radio-layer resource selection across CCs assumes that set of CCs are semi-statically pre-configured for UE monitoring and sensing by higher layers.
3.2 Priority of Sidelink Component Carriers

The group of sidelink CCs (configured by higher layers) can be divided into primary and secondary carriers or ranked based on the priority for specific V2X service type. The primary sidelink CC (anchor CC) within a group of carriers may serve to provide SLSS based synchronization. In addition, primary carrier can be used for control signaling to provide service related information delivered across CCs within a group and possibly their occasions in time that can facilitate multi-channel operation of UE with limited number of transceivers. The partitioning on primary or secondary carriers (or based on priority) can be also used for the purpose of congestion control and load balancing across CCs based on V2X service priority per CC. The further discussion on sharing multiple CCs by different service types is provided in Section 4.3.
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Figure 3: Sidelink CCs classification (primary/secondary or different priority for given service).

4 Multi-Channel Operation
The multi-channel (multi-CC) operation for V2V communication can be used to serve different purposes, e.g.

· Provide different V2X services on different carriers and enable V2X service management across CCs;

· Provide efficient resource utilization/sharing across CCs by given service or multiple services;

· Multi-channel congestion control or load balancing, given that different CCs can have different loading.

Given that UEs may have limited number of transmitter and receiver chains (i.e. less than number of CCs) but still capable to provide multiple V2X services at a time, the certain procedure needs to be defined to decide on CC to be used for transmission/reception by each transceiver and possibility of dynamic switching of the specific chain to particular CC.

Mapping of V2X services (service types) to CC is not a L1 problem, however it may need to be taken into account assuming that multiple services (service types) can share the same set of CCs and have different priorities to use particular CC. For instance, depending on interest to the specific V2X service type, the transceiver may be tuned to the default / primary CC for this V2X service and use it for transmission and reception, unless it is triggered to switch to another CC based on CC switching conditions.
It is straightforward that semi-static tuning of the transceivers to certain CC can be easily supported. From L1 perspective, the main problem to be addressed is how to select CC for transmission of given service in case of certain loading or congestion control situation across multiple CCs. For instance, if UE monitors multiple CCs using multiple receiver chains, the rule to decide which CC should be used for transmission to deliver given service under the given loading conditions across available group of CCs (configured by higher layers) should be specified.
Mapping of V2X services (service types) to CCs

In this section, we discuss different options of mapping V2X services (service types) to CCs (see Figure 4).

· Scenario 1. One-to-One mapping. In this case, single V2X service is mapped to the single V2X CC (i.e. single CC is allocated to the LTE-V2X specific service, e.g. safety-related).

· Scenario 2. Many-to-One mapping. In this case, single V2X service is mapped to multiple CCs or multiple V2X services are mapped to single CC.
· Scenario 3. Many-to-Many mapping. In this case, multiple CCs are shared by multiple V2X services (e.g. different types of safety- and/or non-safety related services) with the same or different V2X service specific priorities per CC (defined for each V2X service type per CC).
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Figure 4: Mapping of V2X services (service types) to sidelink CCs.

4.1 Scenario 1 (One-to-One Mapping)
In case of One-to-One mapping, the UE can tune its transceiver chains to sidelink CC of interest at a given time. Single transceiver UE can tune to one CC at a time, but process different CCs at another time intervals (i.e. can support different services in TDM manner). The UE equipped with multiple transceivers chains can support several V2X services at a time, by processing several CCs. The congestion control and load balancing can run independently per each CC in this scenario.
4.2 Scenario 2 (Many-to-One Mapping)

In this case, the same V2X service can be delivered across multiple CCs (group of CCs) or single CC can provide multiple V2X services. The latter case was addressed in LTE R14 and thus is not considered here. For the case when V2X service is delivered across multiple CCs, different congestion control and load balancing strategies are possible:
· Load balancing based CC selection (preferential access to CC with minimum CC loading). This strategy aims to distribute the load across CCs, offload transmission according to the predefined rules (e.g. equal load or proportionally fair load).
· Priority based CC selection (preferential access to CC with higher priority for given service). The given V2X service can have different priority to transmit on CCs. Therefore UE will first transmit V2X service on CC that has higher priority for given V2X service, unless this CC is overloaded/congested. In later case, UE will selects non-overloaded carrier with highest priority.
The following metrics can be defined to specify CC selection by UE for given V2X service (service type):

1) V2X service (service type) priority for given CC (PSERVICE-CC) - priority of given V2X service to utilize given CC for transmission (service delivery);
2) V2X service load for given CC (LSERVICE-CC) - this is a V2X service specific metric characterizing load of given CC by given V2X service (each V2X service can estimate its contribution to the overall CC load);
3) V2X service overload indicator for given CC (LSERVICE-CC-OVLD) – indicates that given CC is overloaded by given V2X service (e.g. overload condition LSERVICE-CC-OVLD = LSERVICE-CC > LSERVICE-CC-THR, i.e. load of given service exceeds certain threshold);

4) CC overload indicator (LCC-OVLD) – indicates that given CC is overloaded (does not differentiate specific V2X services);
5) CC loading (LCC) - this metric characterizes the CC load by multiple V2X services (does not differentiate specific V2X service).

4.3 Scenario 3 (Many-to-Many Mapping)

In case if each CC is associated with V2X service specific priority, for given V2X service, UE can select the CC which has a highest priority for a given service (e.g. primary CC for given service), even if the overall loading in other CCs (e.g. secondary or lower priority CC) is lower (see illustration in Figure 5).

Observation 3
· If CCs are associated with V2X service specific priorities, the following channel selection behaviour can be used by UEs
· CC Overload Indicator (LCC-OVLD) > V2X Service Specific Overload Indicator (LSERVICE-CC-OVLD) > V2X Service Specific Priority (PSERVICE-CC) > V2X Service Specific CC Load (LSERVICE-CC) > Overall CC Loading (LCC)

This behavior assumes that among all non-overloaded CCs, UE selects CC with highest priority for given V2X service, unless its service specific loading exceeds the predefined level, otherwise it will switch to CC with lower priority for given service. If several CC have equal V2X service specific priority, UE will use the CC with higher V2X service specific loading, then overall CC loading is considered.
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Figure 5: Example of system behaviour for CC selection for different V2X service priorities per CC
In general case, V2X services can have different CC assignment in terms of service priority (i.e. primary and secondary CC may be defined per V2X service type). The V2X service specific priority assignment may be useful technique from the channel loading perspective assuming that single V2X service can occupy multiple CCs. In case if no service specific priority is defined or equal priority is given for all CCs, the CC with higher V2X service specific load can be selected.
4.4 Estimation of V2X Service Load
V2X service specific CC load

In order to estimate CC load for given V2X service, the V2X service specific metric needs to be defined. The proper metric should characterize amount of resources occupied by transmissions for given V2X service within predefined time interval, which received power is above predefined threshold. This metric will indicate the activity of given service in a given CC. Service utilization ratio estimated at the receiver can be used to determine V2X service specific CC loading.
Service independent CC load
In order to estimate CC load (V2X service independent), the S-RSSI measurement across the CC resources can be used. The proper metric such as a channel busy ratio (CBR) evaluated over the predefined time interval on predetermined set of resources can be considered.

Observation 4
· V2X service specific CC load metric can be defined as a percentage of resources utilized for given service with received power above predefined threshold.

CC load can be defined based on channel busy ratio metric measured at the predetermined set of resources.

Given that large number of CCs can be available it make sense to share resources of CCs among different V2X services for efficient use of spectrum resources. However, in this case the UE behavior in terms of carrier selection for delivery of given V2X service needs to be discussed, especially with respect to potential congestion control and load balancing across CCs.

Proposal 6
· Liaise with RAN2 WG to clarify assumption on mapping of V2X service types across CCs and whether congestion control and load balancing across CCs needs to be considered and under which assumptions.

5 Summary

In this contribution, we provided our views on main design aspects that should be considered for support of sidelink (PC5) carrier aggregation for V2V communication. We have discussed sidelink CA use cases, L1 aspects relevant to sensing and resource selection across multiple CCs, flexible transceiver configurations. In addition, given that large number of CCs can be available, it make sense to share resources of CCs among different V2X services for efficient use of spectrum resources. However, in this case the UE behavior in terms of carrier selection for delivery of given service needs to be discussed, especially considering congestion control and load balancing across CCs.
6 References

[1] RP-170798, “New WID on 3GPP V2X Phase 2”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom, Dubrovnik, Croatia, March, 2017
[2] R1-1712482, “Synchronization aspects for LTE V2V sidelink carrier aggregation”, Intel Corporation, Prague, Czech Republic, August 2017.

[3] R1-1712483, “Support of higher order modulations for LTE V2V sidelink communication” Intel Corporation, Prague, Czech Republic, August 2017.

[4] R1-1712484, “Candidate transmit diversity schemes for LTE V2V sidelink communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[5] R1-1712485, “Evaluation of candidate transmit diversity schemes for LTE V2V sidelink communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[6] R1-1712486, “Conclusions on LTE V2V transmit diversity feasibility and gain”, Intel Corporation, Prague, Czech Republic, August 2017.
[7] R1-1712487, “Short TTI design options for LTE V2V sidelink communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[8] R1-1712488, “Performance evaluation of short-TTI LTE-V2V sidelink communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[9] R1-1712489, “Conclusions on feasibility and gain of short TTI LTE V2V communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[10] R1-1712490, “Resource selection latency reduction for LTE V2V sidelink communication”, Intel Corporation, Prague, Czech Republic, August 2017.

[11] R1-1712491, “Sharing resource pool for eNB-controlled and UE-autonomous V2V transmission modes”, Intel Corporation, Prague, Czech Republic, August 2017.

[12] RP-171016, “New Study Item Proposal: Study on Advanced Receivers for LTE V2X”, Intel Corporation, West Palm Beach, Florida, USA, June 2017
PAGE  
8/8

CC # 1
CC # 2
CC # 3
Sensing and Resource Selection Across Multiple CCs
Common pool of resources for sensing and resource selection



Sensing - Monitoring  and Measurements
Exclusion of Resources
Formation of
Candidate Resource Set
Resource Selection
Sensing - Monitoring  and Measurements
Exclusion of Resources
Formation of
Candidate Resource Set
Resource Selection
Resource Reselection Trigger
Sensing - Monitoring and Measurements
Exclusion of Resources
Formation of
Candidate Resource Set
Selection of Resource for Transmission
Sensing - Monitoring and Measurements
Exclusion of Resources
Formation of
Candidate Resource Set
Ranking of Resources and Selection of MC Candidate Resource Set
CC-1
CC-1
CC-N
Joint MC Sensing
Joint MC 
Exclusion of Resources
Joint Formation of MC
Candidate Resource Set
Selection from MC Candidate Resource Set
CC-1
CC-N
Resource Reselection Trigger
Resource Reselection Trigger
CC-2
Option 2 - Carrier Specific Sensing and Joint Resource Selection
Option 3 - Joint Multi Carrier Sensing & Resource Selection
Option 1 - Carrier Specific Sensing and Resource Selection
CC-N
Selection of Resource for Transmission across CCs




CC # 1
CC # 2
CC # 3
V2X Service #1
V2X Service #2
V2X Service #3

CC # 1
CC # 2
CC # 3
V2X Service #1
Priority 0
Priority 1
Priority 2
One-to-One Mapping
One-to-Many / Many-to-one Mapping

CC # 1
CC # 2
CC # 3
V2X Service #1
V2X Service #2
V2X Service #3


Many-to-Many Mapping




P0
P1
P2
P0
P1
P2



P1
P2
P1
P1
P1


P1
P2
P1
P1
P1


P1
P2
P1
P1
P1


P1
P2
P1
P1


P1
Two CCs
P2
Load of LTE V2X Service#1
P1(CC1)>P2(CC2)
Load of LTE V2X Service#2
P1(CC2)>P2(CC1)
CC1
CC2
CC1
CC2
CC1
CC2
CC1
CC2
CC1
CC2
CC1
CC2
CC1
CC2
CC1
CC2
V2X Service Specific Load Threshold or CC Load Threshold
V2X Service Specific Load Threshold or CC Load Threshold
V2X Service Specific Load Threshold or CC Load Threshold
V2X Service Specific Load Threshold or CC Load Threshold




CC # 1
CC # 2
CC # 3
Secondary
Primary
Secondary

CC # 1
CC # 2
CC # 3
Priority 0 (Low/High)
Priority 2 (High/Low)
Priority 1



