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1. Introduction
RAN aspects for PC5-based V2V operation were discussed in RAN1#83 and the following agreements were reached with regard to eNB scheduling [1]: 
Agreements: Resource allocation principles
· RAN1 observes potential benefit of adapting transmitter behavior from physical layer viewpoint:

· It is noted that RAN1 has not evaluated the feasibility of any adaptation mechanism.

· FFS

· Which specific behavior is adapted

· E.g., Reducing message transmission rate and/or dropping some messages, 

· What the adaptation is based on

· E.g., when the vehicle density is high, 

· Whether service requirement can be adapted accordingly in some scenarios

· RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.
In this contribution, we discuss on scheduling enhancement for PC5-based V2V resource allocation on the eNB aspect.
2. Discussions
2.1. eNB scheduling enhancements
In order to improve the PC5 V2V performance, centralized scheduling method based on eNB control needs to be enhanced as follows:
Uu / PC5 switching 
Observation in [2] 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. 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. 
Several options to address this problem were noted in the companion contribution [3]. One of the options is to allow a switching between PC5 and Uu interface. By doing so, the load balancing between PC5 and Uu V2V can be achieved. For example, to assist eNB’s decision, UEs can report the measurement information to eNB. Via this information, the eNB can check the status of resource being used (or occupied) and determines whether to indicate a switching between PC5 and Uu interface of some UEs.
Semi-persistent D2D resource allocation from eNB
Considering the control overhead of dynamic scheduling, the semi-persistent resource allocation can be considered as one option to resolve this issue. A related analysis result is provided in the next subsection. Detailed design of semi-static D2D resource allocation can be similar to the existing SPS allocation, i.e., high layer signaling for basic configuration and activation/deactivation using PDCCH. To support this semi-static resource allocation in the high mobility V2V situation, allocation across multiple cells would be also required. For example, an eNB can allocate a certain resource for D2D transmission along with indication on whether this allocation remains valid over a list of neighboring cells with which the eNB already conducted some coordination. 
Proposal: Uu / PC5 V2V switching can be controlled by eNB based on the UE measurement reporting.
Proposal: Considering the control overhead of dynamic scheduling, the semi-persistent resource allocation can be considered. 

Proposal: SPS resource allocation across multiple cells would be required especially in the high mobility V2V situation.
2.2. DL control overhead analysis
In this section, the DL control overhead analysis of different scheduling mechanisms is provided. The first option is the dynamic scheduling based on SR with or without BSR. The second option is SPS operation. The assumptions for the analysis of the overhead caused by SR (with or without BSR) and SPS are summarized in Table 1.1. We also assumed that the SPS (re)configuration occurs at every handover and the SPS configuration is maintained within the staying cell. 

The result of downlink overhead analysis for each scheduling scheme is summarized in Table 1.2. Here, the proportion of the downlink control overhead within the downlink control region (i.e., PDCCH) is calculated. It can be shown that the DL control overhead of ‘SR without BSR’ is smaller than that of ‘SR with BSR’. This is because the DL control overhead for scheduling BSR is reduced by omitting BSR reporting. Since SPS operation doesn’t require the transmissions of SR/BSR and DL control at every data transmission instance, the smallest DL control overhead is required when compared to the dynamic scheduling based on SR with or without BSR.
Table 1.1: Assumptions for overhead analysis caused by SR and SPS
	Parameter
	Assumption

	System bandwidth
	10MHz (DL) / 10 MHz (SL)

	Antenna configuration
	2 Tx and 2 Rx (eNB) / 1 Tx and 2 Rx (UE) 

	Layout
	Urban grid (vehicle speed: 15 / 60km/h) 

Freeway (vehicle speed: 70 / 140km/h)

	Uplink Scheduling
	SR (w/ or w/o BSR) / SPS

	Scheduling periodicity
	SR (w/ and w/o BSR) : 1ms ~ 10ms
SPS: 10ms ~ 100ms

	SR multiplexing
	12 UEs/RB

	Number of RBs for PUCCH 
	6

	Number of symbols for PDCCH
	2

	Message generation period
	100ms / 500ms (only for Urban grid 15km/h case)

	Message size (Byte)
	190

	Number of RBs per V2X data
	10


Table 1.2: Downlink overhead analysis for SR and SPS
	Scenario
	Scheduling method

	
	SR without BSR
	SR with BSR
	SPS

	Urban grid 15km/h (100ms)
	8.52%
	17.05%
	0.10%

	Urban grid 15km/h (500ms)
	1.70%
	3.41%
	0.10%

	Urban grid 60km/h
	2.13%
	4.26%
	0.03%

	Freeway 70km/h
	5.21%
	10.42%
	0.06%

	Freeway 140km/h
	2.61%
	5.21%
	0.03%


Observation: SPS scheduling shows much less downlink control overhead than the SR methods.
3. Conclusion

This contribution discussed the issues of eNB scheduling enhancement for PC5-based V2V operation. Our proposals and observations can be summarized as follows:
Proposal 1: Uu / PC5 V2V switching can be controlled by eNB based on the UE measurement reporting.

Proposal 2: Considering the control overhead of dynamic scheduling, the semi-persistent resource allocation can be considered. 

Proposal 3: SPS resource allocation across multiple cells would be required especially in the high mobility V2V situation.
Observation 1: SPS scheduling shows much less downlink control overhead than the SR methods.
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