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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);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].

3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]


In this contribution, we discuss the objective to support sidelink carrier aggregation with up to 8 PC5 carriers. Our views on other V2V enhancements are provided in our companion contributions [2]-[7].
2 Sidelink Carrier Aggregation
Mapping of V2X services (service types) 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 harmonized globally in future. In Europe, three ITS bands can be used for road-safety, two bands are non-safety related, while others are reserved for future ITS services and may evolve further.
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 bands. The support of sidelink carrier aggregation for vehicular communication can enable more 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.

· 3GPP V2X multi-carrier design should assume flexible mapping of V2X services to sidelink component carriers (CCs).

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

· The multiple V2X services can be mapped to single sidelink CC.

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.
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 supported by UE. In addition, the sidelink carrier aggregation can be separately discussed with respect to transmission and reception (i.e. the 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 chains among different sidelink CCs.
Observation 3
· 3GPP V2X sidelink CA design should be flexible in terms of amount of supported CCs for transmission and reception.
3 Design Aspects of Sidelink Carrier Aggregation
3.1 Synchronization
Synchronized sidelink component carriers

For multi-carrier sidelink operation, it is beneficial to synchronize all sidelink CCs. It can simplify UE implementation and improve overall system performance. The synchronous sidelink CCs can significantly improve spectrum efficiency, reliability and increase peak rate. The common timing reference and synchronization source priority rules can be used across multiple sidelink CCs. The common sync reference (e.g. GNSS) can be used to provide synchronization in time and frequency for all CCs.
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Figure 1: Common synchronization reference across multiple sidelink CCs.

The anchor sidelink CC can be defined to provide SLSS based synchronization across a group of synchronous sidelink CCs, while other sidelink CCs may not have allocated synchronization resources.
Proposal 1
· Common synchronization reference and synchronization source selection rules are used for synchronous sidelink CCs.
· Synchronous sidelink CCs are aligned in time at subframe boundaries.
· FFS in terms of DFN offsets

· Consider introduction of anchor sidelink CC to provide SLSS based synchronization for group of sidelink CCs.

Non-synchronized sidelink component carriers

The benefits of having non-synchronized CCs are not evident and need to be further discussed. The support of sidelink CCs using different synchronization references and potentially synchronization source priority rules needs further analysis, since in general will lead to increased UE complexity/cost.
3.2 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 2: Joint 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 transmitted by R15 UEs across multiple CCs. For instance, UE may be forced to select at least one resource for transmission on the predefined CC (e.g. primary carrier, which is supposed to be monitored by single transceiver chain UEs).
Proposal 2
· Sensing and resource selection across group of sidelink CCs is supported.
· RAN1 WG to discuss whether and how to address compatibility problem for single transceiver UEs tuned to single CC at a time, when sensing and resource selection across multiple CCs is enabled.

· Common pool of resources across group of sidelink CCs can be allocated.
3.3 Priority of Sidelink Component Carriers

The group of sidelink CCs 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, this 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).

3.4 Sidelink Component Carrier Specific Configuration

Different sidelink CCs can have different configurations in terms of resources (e.g. resource pool configuration such as number of sub-channels per CC, number of PRBs per sub-channel, etc.). In addition, there may be carriers that support short TTI(S-TTI) physical structures (sPSCCH/sPSSCH), while other carriers can support only legacy TTI (L-TTI) or combination of short and legacy TTI (sPSCCH/sPSSCH and PSCCH/PSSCH). It was shown in [6] that coexistence of short and legacy TTIs on the same carrier has certain technical challenges and may negatively affect the overall system performance, which need to be further analyzed. The simple way to resolve these technical challenges is to use different physical structures for different CCs. In addition, such configuration can facilitate fast and reliable feedback whether it is needed, especially if S-TTI and L-TTI resource on different CCs are linked/associated with each other.

The linkage of resources across multiple CCs can simplify sensing based resource selection across CCs and benefit in terms of reduced control signaling overhead that may be transmitted on one carrier only.
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Figure 4: Sidelink CCs with different physical structures (Short-TTI, combination, Long-TTI).

Observation 4
· Different CCs can be configured with S-TTI and L-TTI allocations respectively to avoid potential coexistence issues

3.5 Shared Channel Data Allocation/Multiplexing

Sidelink cross-carrier scheduling can be enabled, when multiple CCs are allocated for sidelink V2V communication. In this case, the control and data transmissions can be transmitted on the same or different CCs. The following potential benefits can be expected from this option:
· Increased peak data rate of sidelink transmission. In this case UE can either transmit one TB spanning across multiple CCs or transmit different TBs across different CCs, depending on the supported design option. In terms of control signalling, the scheduling (PSCCH transmission) can be done either from single CC (i.e. cross-carrier scheduling), or transmitted at each CCs. In latter case, the PSCCH transmissions can point either to the PSSCH transmission on the same carrier or across multiple carriers (see Figure 5).
· Reliability of PSSCH transmission. The reliability of PSSCH transmission can be increased through duplication of the same TB transmission across multiple CCs. Alternatively, it can be achieved through the increased PSCCH communication range by transmitting only PSCCH on a given CC, if there is no power sharing among CCs. In this case more UEs will be able to receive PSCCH transmission and thus avoid using occupied PSSCH resources on other carriers.
· Reduced control channel overhead. The PSCCH channel can be configured on single CC, reducing amount of control channel resources needed and isolating the mutual impact between PSCCH and PSSCH transmission on different CCs.
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Figure 5: Cross-carrier scheduling and mapping TBs to sidelink CCs.

Proposal 3
· For peak rate enhancements,

· Further analyze benefits of mapping single TB across multiple CCs vs transmission of different TBs.

· For reliability enhancements,

· Further analyze benefits of the same TB transmission across multiple CCs and proper format.

It should be noted that some of the above options, may have the compatibility problem with R14 UEs, having single transceiver chain tuned to the specific CC. This aspect needs to be further analysed.

3.6 LTE Uu Enhancements for Mode-3 Sidelink CA

From the LTE Uu air-interface perspective, the scheduling across a group of sidelink/PC5 carriers can be supported, if it is agreed as a part of sidelink carrier aggregation. The LTE R14 specification already supports scheduling on the dynamically indicated SL carrier, using DCI Format 5A. The modified control signaling needs to be defined to support scheduling across multiple sidelink CCs. The specific signaling can be discussed based on the details of TB mapping across multiple CCs (see Figure 5).

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 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 6).

· 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).


[image: image6.emf]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


Figure 6: 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 7).

Observation 5
· If CCs are associated with V2X service specific priorities, the following channel selection behavior 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 7: 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 6
· 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 4
· 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 L1 aspects relevant to cross-CCs scheduling, sensing and resource selection as well as possibility to have CCs with different physical structures. 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. Therefore, based on the discussion, we have the following set of proposals:

Proposal 1

· Common synchronization reference and synchronization source selection rules are used for synchronous sidelink CCs.

· Synchronous sidelink CCs are aligned in time at subframe boundaries.
· FFS in terms of DFN offsets

· Consider introduction of anchor sidelink CC to provide SLSS based synchronization for group of sidelink CCs.

Proposal 2

· Sensing and resource selection across group of sidelink CCs is supported.

· RAN1 WG to discuss whether and how to address compatibility problem for single transceiver UEs tuned to single CC at a time, when sensing and resource selection across multiple CCs is enabled.

· Common pool of resources across group of sidelink CCs can be allocated.
Proposal 3

· For peak rate enhancements,

· Further analyze benefits of mapping single TB across multiple CCs vs transmission of different TBs.

· For reliability enhancements,

· Further analyze benefits of the same TB transmission across multiple CCs and proper format.

Proposal 4

· 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. 
6 References

[1] RP-170798, “New WID on 3GPP V2X Phase 2”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom, Dubrovnik, Croatia, March, 2017
[2] R1-1704684, “On support of higher order modulations for LTE V2V sidelink communication”, Intel Corporation, Spokane, USA, April 2017.
[3] R1-1704685, “On resource selection latency reduction for LTE V2V sidelink communication”, Intel Corporation, Spokane, USA, April 2017.

[4] R1-1704686, “Sharing resource pool for eNB-controlled and UE-autonomous V2V transmissions modes”, Intel Corporation, Spokane, USA, April 2017.

[5] R1-1704687, “Analysis of transmit diversity schemes for LTE V2V sidelink communication”, Intel Corporation, Spokane, USA, April 2017.

[6] R1-1704688, “Considerations on support of short TTI for LTE V2V sidelink communication”, Intel Corporation, Spokane, USA, April 2017.

[7] R1-1704689, “Discussion on refinement of LTE-V2V evaluation methodology”, Intel Corporation, Spokane, USA, April 2017. 
PAGE  
9/9

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



Short TTI
CC # 1
Mix of Short TTI and Long TTI
CC # 2
Legacy TTI   CC # 3
1 ms



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

Single TB (RV#0)
Two  TBs
Single TB (Same or Different RVs)
TB1
TB2
TB
TB1
TB1
CC # 1
CC # 2
CC # 3

Single TB (RV#0)
Two  TBs
Single TB (Same or Different RVs)
TB1
TB2
TB1
TB1
CC # 1
CC # 2
CC # 3

Single TB (RV#0)
Two  TBs
Single TB (Same or Different RVs)
TB1
TB2
TB
TB1
TB1
PSCCH cross-carrier scheduling
Independent per CC PSCCH scheduling
Linked PSCCH cross carrier scheduling
TB




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




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



CC # 1
CC # 2
CC # 3
Common synchronization  reference across group of CCs



