3GPP TSG RAN WG1 Meeting #83
R1-157313
Anaheim, USA, 16th - 20th November 2015
Source:
NTT DOCOMO
Title:
Discussion on Resource Allocation Enhancement for PC5 based V2V Communications
Agenda Item:
6.2.8.1.1
Document for: 
Discussion and Decision
1. Introduction
In RAN#68, V2x study item has been agreed. Study on support of PC5 transport of V2V services is prioritized by RAN#70 – December 2015, including identifying necessary enhancements to the resource allocation mechanism to meet the identified requirements [1]. In RAN1#82bis, it is agreed 

· Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V

· Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V

In addition, the resource allocation principles that should be studied for PC5-based V2V are listed [2]. It is agreed to study if the principles are beneficial, including:
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In this contribution, compared with Rel-12 sidelink Mode 2 resource allocation, the performance of collision avoidance and eNB semi-persistent scheduling are evaluated and analysed.
2. Collision avoidance
In Rel-12 D2D Mode 2 resource allocation, UEs randomly select the resource for data transmission without considering other UEs resource selection. However, in V2x scenario, vehicles may be densely deployed, and the data volume for V2V communication is much larger than that assumed in public safety D2D communications. Rel-12 Mode 2 resource allocation is not sufficient when UE density is relatively high. It is expected that collision avoidance can reduce the possibility of resource collision especially for UEs located near to each other, and thus improve the packet reception ratio within a given range.  
Identifying occupied and/or collided resources
A UE needs to monitor the resource usage of other UEs nearby to avoid selecting the same resource. There may be multiple options for UE identifying occupied resources:
Alt 1: Energy sensing
· A UE may identify a resource to be occupied or not by sensing the receiving signal strength on the resource. The decision may be in a hard way, i.e. a threshold is set beyond which the resource is assumed to be occupied, or in a soft way, e.g. the threshold is set dependent on the minimum receiving signal strength.
Alt 2: Reading other UEs SA/data broadcasting
· The time freq. resource usage of UE can be broadcasted by the scheduling assignment or together with data broadcasting. A UE can obtain theses information when receiving the SA or data broadcasting from other UE. 
For alternative 1, UE can identify not only which resource is occupied but also how much severe interference may be on each resource. However, UE implementation complexity may be high if frequency domain energy detection is requested. In additional, assuming semi-persistent scheduling, the UE cannot obtain the information on the resource occupation period and duration by energy detection. 

For alternative 2, if needed, UE can easily obtain additional reservation information e.g. period, Freq. domain resource usage, updating duration, etc. However, UE may not be able to correctly receive the information if collision of SA or data messages already happens. Further, only with received information, UE may not have the information on interference level of each occupied resource.
Therefore, it may be advantageous to combine the benefit of the two alternatives. UE obtains the occupied time & freq. resource information from broadcasted SA messages. On the other hand, measurement is also performed to identify collisions and estimate the interference level on the occupied resources. The details of measurement can be FFS.

Proposal 1: For resource occupation detection, it is beneficial to obtain occupation information on both time frequency position and interference level. 
Resource selection and MCS
UEs should try to select the resource that is not occupied by other UEs. However, given limited number of resources, a UE may need to select the resource that is less interfered. On the other hand, for UE autonomous resource selection, to avoid that the same resource is selected simultaneously by UEs near to each other, some resource selection randomization can be introduced.

Due to half duplex and spatial resource reuse, it will be more beneficial if UE select the least interfered resource in a TDM first way, that is, UE firstly selects the subframe, and then select the freq. domain position in the subframe.
It can be observed that the performance of TDM first resource selection is much better. (The performance of UE selection with and without TDM first principle is shown in Figure 4 in the appendix) Therefore, we propose:
Proposal 2: UEs should try to select the resource with less interference in a time domain first way.
Resource reselection

Due to UE mobility, the interference status experienced by each UE changes as time goes on. UE needs to update the resource selection when the interference changes. UE may reselect the resource according to the time, location updating, and/or eNB controlling.

In addition, if a UE detects collision in the resource used by its transmission, the UE may need to reselect the resource to avoid the collision.

Proposal 3: UE should reselect the resource if the interference environment changes, eNB controls or collision with transmissions from other UEs is detected.

Signaling from eNB or other UEs

Even UEs may autonomously select the resource similar as Mode 2 resource selection in D2D, some resource selection parameters should be controlled by the NW or eNB if the UEs are in NW coverage, e.g. UE reselection period, etc.
Further, due to half duplex, if multiple UEs select the same resource and interfere with each other, they may not be able to detect the collision. It may be helpful if signaling from eNB or other UEs can help. The performance benefit of such cooperation may need to be further investigated.
Observation 1: The benefit of signaling from eNB or other UEs to resolve the resource collision needs to be further investigated

3. eNB semi-persistent scheduling

By eNB scheduling, the collision among UEs within the same cell or under the same eNB coverage can be controlled. Therefore, it is expected that eNB scheduling can also improve the performance of V2V communication. Another motivation of eNB scheduling is co-existence with Uu. eNB scheduling enables flexible resource sharing with uplink. To reduce the signaling cost, semi-persistent scheduling is considered. 
UE may also report UE specific information to eNB to assist eNB scheduling. For example, UE location information can be provided together with the scheduling request. The performance of eNB scheduling can be further improved given more UE specific information. 
For UEs located within the coverage of different eNBs, without eNB coordination, there is still possibility that the same resource is assigned which may cause interference. Although eNB coordination may be helpful, the complexity may be high. Further investigation on inter-cell interference randomization or cancellation may be needed. For example, a UE may report the occupied and/or preferred resource information together with scheduling request to eNB for scheduling assistance.
Observation 2: Reporting UE specific information to assist eNB scheduling needs to be further investigated

4. Evaluation results

In this section we evaluate the effectiveness of collision avoidance and eNB semi-persistent scheduling by system level simulations. The simulation assumptions align with the previous agreement and are listed in Table 1 in appendix. 
In the evaluation, for simplicity, we assume that fixed resource blocks are defined for data transmissions. 16 PRB pairs are used for both 190 bytes and 300 bytes data message transmission. It is assumed that each UE can select one of the three orthogonal resource blocks for data transmission in a subframe. For each data message, a single transmission is assumed.
For collision avoidance, we assume that each UE can measure and estimate the overall receiving signal strength in each resource block. And a UE will randomly select a resource among a number of resources with the least estimated receiving signal strength. For simplicity, UEs are assumed to enter the NW one by one. The potential collisions due to UE select resource simultaneously are not considered in the simulation. Note that eNB scheduling can achieve the same result if UE reports the occupied and/or preferred resource information to eNB to assist the scheduling.
For eNB semi-persistent scheduling, two different solutions are considered. For the first solution, it is assumed that eNB has no knowledge on UE specific information. Each eNB randomly schedule UEs under its coverage into orthogonal resources in a TDM first manner. For the second solution, it is assumed that eNB has knowledge on UE location information. The eNB will allocate UEs with orthogonal resources the same as the first solution when there is available empty resource. If there is no empty resource, the eNB will assign a resource which is previously assigned to the UE with largest distance to the UE requesting resource. In the evaluation figures, the first solution is denoted as eNB_op1, and the second solution is denoted as eNB_op2. In either case, we have not assumed inter-cell coordination for interference management or centralized resource allocation.
In Figure 1-3 the average PRR vs. distance and the CDF of PRR in 150m (urban scenario) or 320m (freeway scenario) distance are shown, for urban scenario with UE velocity 60KM/h, and for freeway scenario with UE velocity of 70KM/h and 140KM/h. The average PRR vs. distance for LOS and NLOS links in urban scenario are also shown in Figure 5 in the appendix II. It can be observed that both collision avoidance and eNB semi-persistent scheduling can achieve great performance benefit compared with Rel-12 Mode 2 resource allocation. The performance of eNB scheduling with UE location information is better than that without UE location information in most cases. Due to inter-cell interference, a little performance degradation of eNB scheduling can be observed compared with resource collision avoidance. 
Observation 3: Both collision avoidance and eNB semi-persistent scheduling is beneficial 
Some informative example parameters of V2x services have been provided by SA1 [5]. For Freeway scenario, the example minimum radio layer message reception reliability is 80% given 320m effective range.  From Figure 2 and 3, it can be observed that by using collision avoidance, the system performance can achieve or approach the example parameter of requirement. However, for urban scenario, the example minimum radio layer message reception reliability is 90% given 150m or 50m effective range. With collision avoidance, although the performance of LOS links can exceed the example parameters, the overall performance is greatly degraded due to the bad performance of NLOS links (in Figure 5 in Appendix II). Further investigation may be needed to enhance the performance of NLOS links.
Observation 4: With collision avoidance, the SA1’s example parameters of requirements for freeway scenario can be achieved or approached.

Observation 5: Further investigation is needed to enhance the performance of NLOS links in urban scenario. 
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Figure 1 Average PRR vs. distance and CDF of PRR in 150m for urban scenario with UE velocity 60KM/h (1Tx per data message)
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Figure 2 Average PRR vs. distance and CDF of PRR in 320m for Freeway scenario with UE velocity 70KM/h (1Tx per data message)
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Figure 3 Average PRR vs. distance and CDF of PRR in 320m for Freeway scenario with UE velocity 140KM/h (1Tx per data message)
5. Conclusion
In this contribution we have discussed and evaluated the principles of V2V resource allocation enhancement including collision avoidance and eNB semi-persistent scheduling. Based on the discussion and evaluation, we made the following proposals and observations:
Proposal 1: For resource occupation detection, it is beneficial to obtain occupation information on both time frequency position and interference level. 
Proposal 2: UEs should try to select the resource with less interference in a time domain first way.
Proposal 3: UE should reselect the resource if the interference environment changes, eNB controls or collision with transmissions from other UEs is detected.

Observation 1: The benefit of signaling from eNB or other UEs to resolve the resource collision needs to be further investigated

Observation 2: Reporting UE specific information to assist eNB scheduling needs to be further investigated

Observation 3: Both collision avoidance and eNB semi-persistent scheduling is beneficial 
Observation 4: With collision avoidance, the SA1’s example parameters of requirements for freeway scenario can be achieved or approached.

Observation 5: Further investigation is needed to enhance the performance of NLOS links in urban scenario. 
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Appendix I
Table I: Simulation assumptions
	Bandwidth
	10 MHz

	UE dropping & mobility
	Urban & Freeway scenario as Table A.1.2-1 in [3]

	eNB deployment
	As A 1.3 in [3] 

	Pathloss mode
	As in [3]

	Fast fading
	UMi NLOS as in [3]

	Traffic model
	Periodic traffic as A 1.5 in [3]

	Message generation period
	100 ms

	Simulation time
	600 TTI 


	Carrier frequency (GHz)
	6 

	Number of carriers (1 carrier is baseline)
	1

	Number of subframes used to transmit each message
	190 bytes
	1

	
	300 bytes
	1

	Number of RBs used to transmit each message in each subframe
	190 bytes
	16

	
	300 bytes
	16

	Modulation
	190 bytes
	QPSK

	
	300 bytes
	16QAM

	Transmission power (in case of non-zero MPR, actual power after applying MPR)
	23dBm

	Physical channel format (e.g., number of RS symbols)
	Comb like DMRS structure, 4DMRS symbols per SF

	MPR and inband emission model 
	Reuse model in Section A.2.1.5 in [4]

	Synchronization assumptions
	0.2ppm Freq. offset for every V2V link

	SA assumption (e.g., SA overhead)
	SA overhead not counted

	Resource allocation principle
	Collision Avoidance/ eNB semi-persistent scheduling


Appendix II
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Figure 4 Average PRR vs. distance and CDF of PRR in 320m for collision avoidance with/without TDM fist
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Figure 5 Average PRR vs. distance for LOS and NLOS links for urban scenario
Collision avoidance


A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.


FFS


Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level


How to select the resources and MCS for transmission


Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection


FFS if the initial selection and reselection procedures are the same or not


Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 


Whether resource in this context is in the physical domain or the logical domain


…


Semi-persistent scheduling from eNB for PC5 transmissions


…
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