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1. Introduction
The work item on 3GPP V2X phase 2 was approved with following objectives which have impact on RAN2 [1]:
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;
Carrier aggregation with up to 8 PC5 carriers is considered as a way to enhance the peak data rate from V2X performance perspective. 

This contribution is to discuss how the Semi-Persistence Scheduling (SPS) can be supported on the enhanced carrier aggregation function for enhancing the peak data rate.

2. Discussion
2.1 Motivation of enhanced SPS in PC5 carriers
For V2X communication, the maximum 8 SPS configurations with different parameters can be configured by eNB and all SPS configurations can be active at the same time [2]. 
Assuming that 8 SPS are simultaneously configured to many UEs in PC5 carriers, for example, if 8 SL SPS is applied to only one PC5 carrier, it will cause a lack of resource in some case.
For example, forward collision warning scenario requires support of a typical message size of 50-300 Bytes and a size can be up to 1200 Bytes [3]. Apart from forward collision warning scenarios, other scenarios also require to support a message size from 50 Bytes to 1200 Bytes for more high data rate. In addition, most of V2X use cases in [4] as well as forward collision warning scenario require less than 100 ms latency.
If UEs are broadcasting each 1200 Bytes message within 100 ms on each 8 SPS which may mean to have different 8 service usage scenarios simultaneously and 4 UEs are using resources in the PC5 carrier with bad channel environment as shown Table 1. For transmitting data, it is assumed that minimum modulation is supported up to QPSK based on MCS index and minimum coding rate is supported up to around 0.1 base on MCS index and NPRB as Table 7.1.7.2.1-1 in [4].
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From the analysis in Table 1, it is not enough to support many UEs when using 8 SPS configurations in a PC5 carrier. 
Observation 1. When UEs use 8-SPS configurations in a PC5 carrier, there can be a lack of the resource in bad channel environment such as coverage edge. It is needed to solve a lack of the resource when UEs use 8-SPS configuration at the same time.

2.2	Potential enhancements in SPS
If 8 SPS configurations are configured on a PC5 carrier for many UEs simultaneously, it may cause the problem such as lack of resource as described in 2.1. 
If SPS is able to operate on other PC5 carriers in case of carrier aggregation and 8 SPS configurations can be distributed on all supported PC5 carriers, then it enables to solve the lack of resource.
For example, it is assumed that each UE has different 8 services requiring 1200 Bytes message transmission with 100 ms latency requirement. If 8 SPS configurations are activated on all supported PC5 carriers, system capacity increases comparing with the case of only using one PC5 carrier as shown in the analysis of Table 1. More PC5 carriers are added, more number of UEs are supported in PC5 carriers. It means that SPS configuration on all supported PC5 carriers is helpful to solve the lack of resource.

Proposal 1. It should be able to configure SL SPS on all the supported PC5 carriers.

2.3 CA and SPS support in PC5 carriers
In order to support both Carrier Aggregation (CA) and SPS in a frequency, the capability information and the configuration information for CA and SPS are needed between UE and eNB. As an example, UE should be able to send UE’s capability for CA on sidelink through UECapabilityInformation. UE can inform traffic information such as traffic period or traffic packet size for SPS configuration through UEAssistanceInformation same as Rel-14 V2X. The configuration of sidelink SPS, i.e. SPS-config , is defined in Rel-14 V2X and the configuration can be reused for V2X Phase 2 UE.
With the information sent by the UE, eNB generates CA configuration with more than one PC5 carriers. But there is no concept of PCell or SCell in PC5 frequency, then parameters for CA configuration in Uu such as SCellToAddMod cannot be used for PC5. 
Observation 2.  PCell or SCell in Uu cannot be used in PC5 since there is no concept of PCell or SCell in PC5 carrier. 

For activation/release for SL SPS, the parameters “Activation/release indication field” and “SL SPS configuration index filed” are defined in DCI Format 5A already for Rel-14 V2X. The parameter “carrier indicator field (CIF)” in DCI Format 5A corresponds to v2x-InterFreqInf which indicates PC5 carrier.
These parameters in DCI Format 5A can be utilized to command SPS activation/release on which PC5 carrier. With the parameters, UE considers the received DCI Format 5A as a SL SPS activation or release for corresponding SL SPS on corresponding PC5 carrier. 
Proposal 2. In order to activate and release SPS on multiple PC5 carriers, the existing activation/release command with DCI Format 5A should be used.

The release process of PC5 CA configuration and that of SL SPS configuration are independent. The CA configuration indicates a combination of E-UTRA operating band(s) and CA bandwidth classes, to exemplify the configuration. The SL SPS configuration indicates resource interval related to traffic information and the CA configuration does not affect SL SPS configuration. So, even if the CA configuration is released, SL SPS can be operated following by SL SPS configuration. Also the configuration of CA can be maintained regardless of SL SPS release.
Proposal 3. The release of PC5 CA configuration and the release of SL SPS configuration should operate independently.

[bookmark: _GoBack]3. Conclusion 
Observation 1. When UEs use 8-SPS configurations in a PC5 carrier, there can be a lack of the resource in bad channel environment such as coverage edge. It is needed to solve a lack of the resource when UEs use 8-SPS configuration at the same time.
Proposal 1. It should be able to configure SL SPS on all the supported PC5 carriers.
Observation 2.  PCell or SCell in Uu cannot be used in PC5 since there is no concept of PCell or SCell in PC5 carrier. 
Proposal 2. In order to activate and release SPS on multiple PC5 carriers, the existing activation/release command with DCI Format 5A should be used.
Proposal 3. The release of PC5 CA configuration and the release of SL SPS configuration should operate independently.
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