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1
Introduction
In Rel-14, TSG RAN completed the WI “Support for V2V services based on LTE sidelink” and the WI “LTE-based V2X services”. With these the completion of these two WIs, TSG RAN had specified V2X communication in order to provide basic safety services. 
In Rel-15, the WI “V2X phase 2 based on LTE” was approved (latest WID in RP-171740).  This WI enhances the Cellular-based V2X services (V2V, V2I/N, and V2P) to support advanced V2X services as identified in TR 22.886 in a holistic and complementary manner to Release 14 V2X. This work item specifies 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 in a fully backward compatible manner with Rel-14 V2X. More specifically, the main objectives are as follows:

· Specify 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 for carrier aggregation (up to 8 PC5 carriers), 64QAM, reduction of the maximum time between packet arrival at Layer 1 and resource selected for transmission, and radio resource pool sharing between UEs using mode 3 and UEs using mode 4.
· 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. 
· 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. 

· A following decision for normative work is up to consensus at RAN.
· Specify necessary RF requirements for the specified PC5 functionalities in Band 47, where not covered by the Rel-15 work item “V2X new band combinations for LTE”. 
· Specify necessary RRM core requirements.
This document is the summary of outcomes of WI “V2X phase 2 based on LTE.” Documents related to this WI can be found in the reference section.

2
Description
This section provides a summary of the key functionalities whose motivation was introduced in Section 1.
· Support of Carrier Aggregation (CA) for mode-4. CA was already supported for mode-3 in Rel-14. In Rel-15, CA for mode-4 was specified. The resource allocation procedure of Rel-14, which was based on sensing, was expanded to support multi-carrier transmission, while relying on the same core principles. Rules for power sharing, and to include priority were derived. A synchronization procedure for multiple carriers was derived. It includes priority rules for determining the synchronization resources. Sidelink packet duplication was introduced in the case of CA to improve the transmission reliability.
· Support for 64-QAM. New transport block sizes and transport block size scaling were introduced to support 64-QAM. In addition, transmission uses rate-matching instead of the Rel-14 procedure where the last symbol was punctured.

· Reduction of the maximum time between packet arrival at Layer 1 and resource selected for transmission. This value was reduced to 10ms. It was 20ms for Rel-14 V2X.
· Radio resource pool sharing between mode-3 and mode-4 UEs. Changes in the SCI content for mode-3 UEs were introduced to improve performance when resource pools are shared. Sensing and reporting for mode-3 UEs is supported.  
· Transmit diversity. After studies, it was concluded that transmit diversity was a valuable feature to have. The transmit diversity technique used is Small Delay Cyclic Delay Diversity.
· Short TTI. This was studied but was not standardized in Rel-15.
· RF requirements for new CA scenarios, 64QAM and transmit diversity were introduced in TS 36.101.
· RRM requirements. The delay/interruption requirements due to V2X CC addition/release and V2X synchronization reference source selection/reselection requirements for V2X CA was introduced.
3
References
Documents related to this WI are listed as follows:

· Last approved work item description: RP-171740, “Revision of WID:V2X phase 2 based on LTE”
· Last status report: RP-180856
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