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1 Introduction

In RAN plenary meeting #75, a new WI for V2X enhancement was agreed [1]. A point is to study the introduction of short TTI in V2X. 
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;

From the above bullet from WID, carrier aggregation with up to 8 PC5 carriers is considered as a way to enhance the peak data rate and V2X performance. Co-existence with Rel-14 UEs in the same resource pool has to be satisfied. Assuming same SA format, a Rel-14 UE could decode the SA as well as PSSCH from a Rel-15 UE in a carrier. A design maximizing of Rel-15 UE while minimizing impact to Rel-14 UE is targeted.  
2 Discussions 
Rel-10 CA is introduced to increase the peak data rate. The data transmitted on multiple CCs may belong to same service from high layer, or different services are scheduled on different CCs. Exact behavior is handled by high layer. Additionally, when the amount of data is not that large, CA still provide performance gain since eNB could coordinate the CCs among multiple UEs for frequency selective scheduling gain. Similar functions may still apply in V2X CA. From the advanced V2X use cases identified by SA1 in [2], a V2X packet can be up to 6500B which is larger than maximum TBS supported in Rel-14 V2X, i.e. 31704 bits. Transmitting the big packet in 2 or more CCs is one way to handle such condition. On the other hand, UE may find the best CC(s) for its transmission e.g. based on the congestion status of the multiple CCs in CA. 
Observation 1:

· CA is beneficial in at least 2 cases:

· Increasing the peak data rate;

· Allowing resource selection in the most suitable CC. 

For a UE with CA capability, it needs to adapt the number of enabled CCs for the UE according to the service property, interference condition and etc. For example, less number of CCs for a UE can achieve most gain with better power efficiency if the packet is small and in light load condition. When the amount of traffic increase and load becomes heavy, more number of CCs for the UEs could provide the benefit. The first CC for a UE is somewhat like Pcell in LTE CA. However, it is not justified to push more functions for the first CC. One point is to derive timing of a second CC from the first CC. However, a Rel-14 V2X UE assumes synchronization is done per CC, therefore it is redundant to define other means for timing acquisition, considering the coexistence of Rel-14 UE and Rel-15 UEs in the same resource pool required by WID [1]. 
Observation 2:

· It needs to adapt the number of enabled CCs for the UE according to the service property, interference condition and etc. However, it is not justified to define more functionality for the first CC of a CA UE. 

Rel-10 CA supports both self-scheduling and cross-carrier scheduling. Cross-carrier scheduling is useful if scheduling cell can exploit better link performance for PDCCH. Similarly, both self-scheduling and cross-carrier scheduling can be considered in V2X. As shown in Figure 1(b), PSCCH is only transmitted on CC#1 which provides scheduling information for both two CCs. A single PSCCH jointly scheduling multiple CCs or multiple instances of PSCCH individually scheduling each CC can be considered. It is not straightforward how to support either joint coding or separate coding of SCI for the multiple CCs under the framework of resource allocation in Rel-14 V2X. There is no issue for Rel-15 UEs. However, it may affect the decoding and resource selection of a Rel-14 UE. Since there is no PSCCH in CC#2, a legacy UE in CC#2 cannot perform resource selection step 2, i.e. PSSCH-RSRP is not measureable, which degrades performance for collision avoidance. 

[image: image1.emf]Unknown to legacy UE

CC#1

CC#2

CC#1

CC#2

(a) self scheduling

(b) Cross-carrier scheduling


Figure 1: Self-scheduling versus cross-carrier scheduling

Proposal 1:

· Cross-carrier scheduling is not supported in V2X. 

In Rel-14, resource selection is done within a resource pool. UE first decides on reservation interval, number of (re)transmissions and number of PSSCH sub-channels. Then UE does sensing based resource selection to select one or two resources accordingly. This works fine for single carrier case, however is problematic for CA. if extending the method to multiple CCs in CA, it is difficult to predict how many PRBs should be allocated in each CC. CBR measurement for a CC could be reference, however, it may not be accurate enough, since at least the information obtained from PSCCH of a neighbor UE is not considered. A method which jointly considers the conditions in each of the multiple CCs is needed for better resource selection.  
Observation 3:

· Resource selection in CA needs to jointly consider the conditions of multiple candidates CCs. 

Rel-10 CA assumes a maximum time difference between the aggregated CCs of about 33us, which simplifies HARQ-ACK procedures as well as power control among the aggregated CCs. In V2X, we don’t need to consider HARQ-ACK transmission. However, as shown in Figure 2, the impact to power control still holds. Another factor is large time difference among different CCs could result in full duplex problem. For example in Figure 2, one UE could be needed to send in subframe n on CC #1 but receive in subframe n+1 on CC #2, which have some time overlap. Therefore, it is preferred to limit the time difference among different CCs in CA, with exact maximum value FFS. 
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Figure 2: Time difference, 

Proposal 2:

· Time difference among different CCs in CA is limited, with exact value FFS. 
As discussed above, a CA UE may choose to separate a TB into multiple pieces and transmit them over multiple CCs. In an ideal case, the signal on each CC should have the same coverage so that each piece of data on an individual CC can be received with roughly the same link performance. Since the traffic conditions and interference scenarios on the multiple CCs are typically different, the proper MCS could be different among the multiple CCs. However, Rel-14 V2X PC algorithm doesn’t account MCS of data channel. As a result, it is quite likely that different coverage is achieved for the multiple CCs. Therefore, enhancement on PC algorithm for V2X CA operation could be considered. 
Observation 4:

· Enhancement on PC algorithm for V2X CA operation targeting the same coverage for multiple CCs could be beneficial.  
3 Conclusions
In this contribution, we provide our views on supporting CA in Rel-15 V2X with the condition to co-exist with Rel-14 V2X UEs in the same resource pool. The observations and proposals are,
Observation 1:

· CA is beneficial in at least 2 cases:

· Increasing the peak data rate;

· Allow resource selection in the most suitable CC. 

Observation 2:

· It needs to adapt the number of enabled CCs for the UE according to the service property, interference condition and etc. However, it is not justified to define more functionalities for the first CC of a UE. 

Observation 3:

· Resource selection in CA needs to jointly consider the conditions of multiple candidates CCs. 

Observation 4:

· Enhancement on PC algorithm for V2X CA operation targeting the same coverage for multiple CCs could be beneficial.  

Proposal 1:

· Cross-carrier scheduling is not supported in V2X. 

Proposal 2:

· Time difference among different CCs in CA is limited, with exact value FFS. 
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