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1. Introduction
Observation in [1] reveals that it is challenging to provide sufficient V2V performance in the urban case with the sidelink-alone operation with a single 10 MHz carrier in 6 GHz band, especially when the V2V message load is high (i.e., 15 km/h speed with 100 ms message generation period). In addition, the message load can increase further in a PC5 carrier if UE-type RSUs and/or pedestrian UEs also transmit V2X message in the same carrier. This contribution discusses possible options to address this high message load problem.
2. Discussions 
The following subsections discuss possible options to address the high V2X message load case. We note that the options discussed below can be operated together.
2.1. PC5 transmission parameter control
In this option, parameters used for PC5 transmission are adjusted in adaptation to the traffic load. Examples of such parameters include transmission power, amount of transmission resources (number of RBs and subframes), and message generation period. The basic idea is that performance degradation could be accepted in high traffic load case: These parameters directly affect the target communication range of each message, but reduced target range may not cause significant problem in the final service quality because vehicle speed is typically slow in high traffic case and a shorter communication range can support the same response time before collision in the low speed case. We note that SA1 already takes the assumption of correlation between the vehicle speed and the effective range of the communication (e.g., in Table A.1 in [2]). Also, this is aligned with the idea of decentralized congestion control mechanisms for ITS services based on IEEE 802.11 technology, where the above-mentioned parameters are changed according to the load situation of the channel [3]. In order to assess whether this option is a viable one, RAN1 can send an LS to SA1.
If PC5 transmission parameters are controlled, it is desirable for the network to take the responsibility of such control. Network controlling is beneficial in that parameter setting can be aligned among all the UEs in an area, and it becomes possible to take into account various information which is available only at the network side (e.g., the whether condition, the tolerable tradeoff between performance and traffic load). More discussion of network controlling PC5 parameters can be found in [4], and it can be also studied whether any UE report can be beneficial in assisting the network to set the parameters.

2.2. Use of multiple carriers for PC5 interface
This option addresses the problem of heavy traffic by distributing the overall traffic load offered to the system over multiple PC5 carriers. Its benefit is quite straightforward as shown in [5] although there are some issues such as the availability of multiple PC5 carriers and the impact on the UE implementation. As the per-UE traffic load is still low in most V2X services, UE capability of transmission over multiple carriers does not seem necessary. In other words, the benefit of this option can be exploited by defining an additional UE capability of receiving multiple PC5 carriers simultaneously, which is relatively easy in consideration of the current CA framework. We expect that the basic feature of such capability can be supported with limited specification work.
2.3. Use of Uu interface
Uu interface is additionally used to improve the overall system performance in this option. Such operation scenario is agreed in RAN2 as a scope of this study item (Scenario 3 in [6]). To be specific, a UE-type RSU operates as a relay between Uu interface and PC5 interface in this option: An RSU receives SL transmissions from UEs to relay them to the eNB which uses DL for transmission to UEs (Figure 1), or an RSU receives DL transmissions from eNB to forward them to UEs via PC5 (Figure 2).
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Figure 1. Scenario 3A in [6].
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Figure 2. Scenario 3B in [6].
According to the discussions and evaluation results in [7], operation based on Scenario 3A in Figure 1 can be beneficial in addressing the high load problem, especially in Urban cases. NLOS channel caused by building block is the bottleneck of Urban cases where increase of resource usage for each message transmission is not possible due to heavy UE density. Scenario 3A helps the coverage extension in this case as an RSU at the intersection receives vehicle transmissions in LOS channels, and the received messages are finally broadcast via DL which is more robust to pathloss. 
Scenario 3B can be also used to offload PC5 traffics to Uu interface. When a message is generated to a vehicle which is under heavy load situation in PC5 carrier, the message can be sent to the eNB via UL in order to avoid congestion in the PC5 carrier. Such an operation may be more relevant to the event-triggered messages, and various aspects can be considered in selecting the message transmission interface in deciding which messages are sent via UL in which condition. 

We note that use of UL carrier in Scenario 3A and 3B would not be a big issue. As compared in Tables 1 and 2, the traffic load of V2V messages is relatively low in view of UL transmissions if we assume UL system bandwidth of 10 MHz. This means that the traffic load of V2V messages can be easily supported by LTE UL, so the cost of using UL carrier for transmissions from UE-type RSUs or vehicle UEs can be assumed to be marginal in the corresponding study.
Table 1. Uplink data rate of V2V messages per cell in evaluation scenarios [8]
	
	Urban Grid
	Freeway Option 1
	Freeway Option 2

	
	15km/h
	60km/h
	70km/h
	140km/h
	70km/h
	140km/h

	UL data rate per cell (Mbps)
	2.97
	0.74
	1.83
	0.91
	0.38
	0.19


Table 2. Uplink spectral efficiency (FDD), Case1 (Table 16A-3 in [9])
	Scheme and antenna configuration
	3GPP Target

(Ave./Edge)
	Number of samples
	Cell average

[b/s/Hz/cell]
	Cell edge [b/s/Hz]

	Rel-8 SIMO 1 x 2 (C)
	1.2 / 0.04
	6
	1.33
	0.047

	CoMP 1 x 2 (C)
	1.2 / 0.04
	1
	1.40
	0.051

	SU-MIMO 2 x 4 (C)
	2.0 / 0.07
	6
	2.27
	0.091


3. Conclusion
This contribution discussed how to address the case with heavy V2X message load where PC5 operation in a single 10 MHz carrier does not provide sufficient performance. The following operation can be considered to handle the problem:

· Network controls the target range and the corresponding PC5 transmission parameters.

· Multiple carriers are used for PC5 operation.
· Uu interface is used in addition to PC5 transmission and reception.
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