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1. Introduction

In RAN1#89 meeting, three use cases are agreed to be considered for PC5 CA.
	Agreement:

· For RAN1, 3 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



The first 2 two cases are related to data transmission under CA framework. These should be discussed and determined in RAN2 before the UE capacity aspect is studied. In this contribution, we will focus on the CA use case 1 and case 2.
· Discussion
· Case 1：Parallel transmission of MAC PDUs
For the first use case that parallel transmission of MAC PDUs, this has been supported in legacy LTE CA where different carriers can be scheduled parallel and each component carrier is corresponding to an independent HARQ entity. To support this for V2X, we can simply apply LTE CA protocol framework for sidelink. V2X UE could autonomously select transmission resource on several different carriers simultaneously, if the parallel transmission is necessary. 
Proposal 1: To support CA use case 1, LTE CA protocol framework can be reused as a baseline.
· Case 2: Parallel transmission of replicated copies of the same packet
Transmitting replicated copies of the same packet can increase the packet reception rate, which is an important mechanism for the eV2X service with high reliability requirement (e.g. 99.999% reliability). Generally speaking, there are two approaches to achieve the benefit of transmission of replicated copies of same packet:
2.1 PDCP Replication
This is also named PDCP duplication in NR, the framework is shown in Fig.1.
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Figure 1 – PDCP Replication/Duplication
For the PDCP duplication framework, one DRB is associated with two logical channels. The PDCP packet is duplicated and transmitted via the two duplicated logical channels independently. Data from these two duplicated logical channels are restricted to be transmitted on different component carriers. 
Since MAC or PHY entity cannot know whether the ongoing packets on the duplicated logical channels are the same or not, it cannot perform combining decoding for the replicated copies for the same packet. In order to achieve combining decoding gain, the following MAC/PHY replication option can be considered.
2.2 MAC/PHY Replication
In this option, the receiver can perform combining decoding for the TBs corresponding to the same MAC PDU. Therefore, in order to achieve combining decoding gain, the replication should be performed under the cooperation between MAC and PHY layers. Specifically, MAC can reserve parallel resource on multiple carriers when replicated transmission is activated and PHY can carry out replicated transmission and combining decoding for the repetitions.
Proposal 2: In order to achieve combining decoding gain, we kindly ask RAN2 to consider replication is transmitted with the cooperation between MAC and PHY layers.
For LTE Uu interface, there is a function used to support such kind of repetition transmission which is named TTI bundling. When TTI bundling is configured, the TTI indicated by UL grant and a configured number of subsequent TTIs are used to transmit the same MAC PDU.  For UE autonomous resource allocation mode, the resources for replicated transmission within a bundle needs to be self-selected by V2X UE’s MAC. Then MAC should instruct PHY to perform replicated transmissions on a bundle of resources. 
As long as the replication function is activated, the UE should select one resource bundle (for one shot) or reserve a set of resource bundles (for SPS) for the available data. Each resource bundle involves several TX resources on different V2X carriers used to transmit the same MAC PDU.
Proposal 3: If replication function is activated, eV2X UE needs to select/reserve a (set of) resource bundle(s) for the data available for transmission. A resource bundle includes several TX resource on different carriers used to transmit copies of the same MAC PDU.
When a resource buddle is configured, the MAC can generate the MAC PDU to instruct the PHY layer to transmit the copies of this MAC PUD on the TX resources within the bundle. To minimize the complexity, we can invoke the same HARQ process (might be named sidelink process) for each transmission that is part of the replication/resource bundle. The first processed TX resource of a bundle can be considered as initial transmission and the subsequently processed TX resource of the bundle can be considered as retransmission. In this way, it can realize that the copies of the same MAC PUD are transmitted over the resource bundle. In addition, this kind of HARQ process management is very mature in TTI bundling of LTE and repetition transmission of NB-IoT.
Proposal 4: When the MAC PDU and a resource bundle are provided, PHY transmit the copies of this MAC PDU on the resources of the bundle.
Proposal 5: Invoke the same HARQ process for each transmission is part of the same replication/resource bundle.
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Figure-1: Transmitter of Replicated transmission
The following is the reception terminal of MAC/PHY replication:
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Figure-2: Receiver of Replicated transmission
For the receiver terminal, the replicated TB which is not decoded succefully can be stored in the soft buffer and wait other replicated TB for combining decoding. Therefore, the receiver should be able to know which received TBs are corresponding to the same MAC PDU. 
For Rel-14 V2X, SA can indicate the related located between initial transmission and retransmission of the same TB. Likewise, we can consider to use the SA to indicate the relative gap between replicated TBs of the same MAC PDU.
Proposal 6: SA is used to indicate the relative gap (e.g.both gaps in time and frequency domain) between replicated TBs, so that receiver can perform combining decoding for the replicated TBs.
2. Proposal
Proposal 1: To support CA use case 1, LTC CA protocol framework can be used as a baseline.
Proposal 2: In order to achieve combining decoding gain, we ask RAN2 to consider replication is done with the cooperation between MAC and PHY layers.
Proposal 3: If replication function is activated, eV2X UE needs to select/reserve a (set of) resource bundle(s) for the data available for transmission. A resource bundle includes several TX resource on different carriers used to transmit copies of the same MAC PDU.
Proposal 4: When the MAC PDU and a resource bundle are provided, PHY transmit the copies of this MAC PDU on the resources of the bundle.
Proposal 5: Invoke the same HARQ process for each transmission is part of the same replication/resource bundle.
Proposal 6: SA is used to indicate the relative gap (e.g.both gaps in time and frequency domain) between replicated TBs, so that receiver can perform combining decoding for the replicated TBs.
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