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1. Introduction

This paper analyzes service requirement and operator need [1]

 REF _Ref369814617 \n \h 
[2]

 REF _Ref369814620 \n \h 
[3] and reforms them into radio access network operation requirement.  Device to device proximity service changes network operation and service charging landscape for network operators. Cellular network operator currently provides service from eNB. D2D network operator provides service from the authorization of D2D radio resource. The resource definition also changes. The resource is determined by number of cells and backhaul throughput for current operators. For D2D network operation, the resource is determined by the inference, transmission power, bandwidth, time slot, locations, etc. Operator becomes spectrum manager instead of wireless connection provider. The charging may be very different to current cellular network operation. We could simply use the following requirement as an example. 
ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range.

Since discovery range could be determined by operator, charging based on discovery range is feasible for operator to create new business model instead of charging by bits. 

This paper tries to summarize key factors to facilitate our study on the device to device proximity service.
2. Service requirements and RAN impacts
TS 22.278 [2] summarizes requirements for proximity-based service on service perspective. [3] further collects RAN related requirements which highlight the major RAN impact. The following subsections provide observations for both D2D communication and discovery.
2.1. General Requirements
The following requirements are applicable for both D2D communication and discovery.
“ProSe shall be able to accommodate potentially large numbers of concurrently participating ProSe-enabled UEs.”
The requirement implies that the number of concurrent ProSe-enabled UE could be large. Per eNB point of view, it may accommodate up to 200 UEs in connected mode per cell. If the number of ProSe-enabled UE is far more large, e.g. 2000 UEs, eNB shall be able to mandate device to device proximity service for the UE in idle mode. Otherwise, it may not be possible to handle such scale of number within an eNB coverage. In other words, an extra optimization direction is to maximize the number of concurrent direct links.
Observation 1: Maximizing the number of concurrent D2D direct links is newly-introduced performance metric comparing to cellular network operation. The number of maximum direct links is FFS.
“The impact of ProSe Discovery and ProSe Communication on E-UTRA radio usage, network usage and battery consumption should be minimized.”
“Potential negative impact of ProSe on the ability for the operator to provide E-UTRAN services should be minimized.”
The co-existence between D2D direct link with LTE uplink would happen in very early stage due to lack of radio resource but sharing the same radio resource for D2D direct link and LTE uplink may cause crucial interference to existing LTE network. This issue has been highlighted in many companies’ contributions. When asynchronous deployment is considered, D2D direct link caused interference to neighboring cell would be more significant. The utilization of radio resource also impacts the battery consumption. We would not expect the UE always-on and radio usage shall be minimized in time for D2D direct link especially for UE not in connected mode.
Observation 2: Mandating radio usage and mitigating interference would be considered in this D2D framework. 
“The network shall be able to adaptively allocate resources between ProSe and other E-UTRAN services as long as ProSe UEs are served by E-UTRAN and using spectrum that may be dynamically allocated for non-ProSe operation.”
This requirement indicates the controllability for the D2D communication and discovery.  The operator provides D2D resource allocation for proximity service. On the contrary to cellular network service, the operator does not provide huge backhaul to provide service but controlling signaling for the D2D proximity service. The provided service and operation mechanism are fundamental changes.

Observation 3: Operator provides D2D resource allocation service instead of high speed mobile traffic backhaul access service.
“The system shall be capable of monitoring communication characteristics according to [REF TS 22.278]”
This requirement indicates that network shall be able to monitor the wireless radio usage for D2D communication and discovery. Therefore, mechanisms to overhearing transmission or intercept transmission should be possible for D2D proximity service. Content, type, transmission power shall be able to monitored to facilitate the management of D2D communication and discovery.
Observation 4: Monitoring mechanism shall be developed for D2D proximity service.
2.2. Device to Device Communication
“Radio Access Network shall control the radio resources associated with the ProSe E-UTRA Communication path.”
“The operator shall be able to dynamically control the proximity criteria for any ProSe E-UTRA Communication Examples of the criteria include: Communication Range, channel conditions, achievable QoS.”
These requirements show that the resource management shall be able performed from operator’s network. The network provides the radio resource allocation capability for ProSe-enabled UEs to perform D2D communication. However, the current LTE network provides internet connectivity with Gbps backhaul support. The network operation concepts are far more different. Operator shall be able to control the communication behavior of ProSe-enabled UEs. The proximity criteria include communication range and QoS. Communication range indicates at least transmission power determined through operator. The QoS implies the trade-off between radio resource and throughput/latency. The D2D communication service is provided from 
Observation 5: Radio access network shall be able to control transmission power, radio resource for D2D communication.
“An authorised Public Safety ProSe-enabled UE shall be capable of communication using both the network infrastructure and ProSe Communication with Public Safety ProSe-enabled UEs not served by E-UTRAN in parallel.”
This requirement indicates the service is authorized from operator or network. The service authorization is changing from eNB connectivity with internet to radio resource utilization. Operator sells spectrum usage instead internet connectivity. In some sense, D2D proximity service is radio resource utilization authorization service.
Observation 6: D2D communication is radio resource authorization service.
“1:Many Communications (where “many” includes 1 user or 0 users) is required. Optimisations to specifically support 1:1 Communications (including “private calls”), while possible as a subset of 1:Many Communications, should not be a focus for release 12.”
This requirement highlights the nature for D2D communication. The behavior of D2D communication is based on 1:Many Communications, e.g. broadcast. The 1:1 Communications is the functionality subset of 1:Many Communications. Broadcast implies Omni-directional microwave transmission and interference to non-targeting entity.  Network shall consider interference caused from omni-directional microwave transmission. 
Observation 7: Interference mainly comes from ProSe-enabled UE for D2D communication and spectrum management. 
2.3. Device to Device Discovery
“The operator shall be able to dynamically control the proximity criteria for ProSe Discovery. Examples of the criteria include radio range and geographic range.”
“ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range. The definition of range is FFS.”
Both requirements only highlight range issue. Network shall be able to control transmission range for discovery. Per current agreement, idle mode UE shall also be capable of receiving discovery signal. It further implies transmission range determined by transmission side instead of reception location. According to broadcast nature, network can only control transmission power for each discoveree ProSe-enabled UE. Network can not identify the location of discovery ProSe-enabled UEs. If the number of discovery UEs is large, it would impossible to identify the locations for these idle model discovery UEs. Therefore, operator needs an efficient mechanism to determine the range. From service level, radio access or network approaches will not be specified. When the range issue comes to RAN level, network operation and mechanism shall be considered to facilitate operator’s maintenance overhead. Since interference shall be mandated in radio access network, transmission power shall be mandated as well. In [4], impact of transmission power is also evaluated in terms of number of receiving UEs. Transmission range could be firstly determined by transmission power especially for direct discovery.
Observation 8: D2D discovery communication is broadcast behavior and transmission range is proportional to the transmission power.
Observation 9: Transmission power shall be mandated from network to mandate interference among D2D UEs.
Proposal 1： The definition of range for D2D discovery is determined by transmission power.
Proposal 2：Network shall be able to configure transmission power of each D2D UE.

Proposal 3：Network shall be able to configure radio resource of each D2D UE, e.g. bandwidth and time.

Proposal 4：Network shall be able to control interference from each D2D UE
3. Spectrum Utilization Model
According to service requirement, device to device communication changes the spectrum utilization and charging model for operators. Table 1 summarizes couple main differences between cellular network operation and D2D network operation. Operator currently serves a UE through an eNB to internet. D2D network operation serves a UE through connection or transmission authorization from an eNB. We could have an example to describe this behavior. Transmission of discovery signal relies on the authorization from eNB and eNB does not route D2D traffic to the backhaul outside the coverage of eNB. The meaning of spectrum utilization is different to the cellular network operation and the value of D2D authorization service is different to current traffic pipe service.
Resource management is also different to conventional thinking. The resource for current service is determined by number of cells and bandwidth per cell. The resource for D2D network operation is transmission power, bandwidth, time, etc. Transmission power determines interference to other entities in order to deliver discovery signal or maintain D2D communication. Bandwidth determines allowed radio resource for D2D transmission or D2D communication. 
Charging is also different. Operator currently charges a UE by transmission bits, throughput or connectivity to the network (flat rate). For the D2D network operation, operator could charges discovery message for time allocation, transmission power, price on the location. D2D concept provides couple alternatives to price each discovery signal or D2D communication.
When network operation is considered, operator would like to maximize system throughput by summing up transmission bits of all cells. For the D2D network operation, operator could maximize the number of concurrent D2D links, i.e. number of concurrent discovery signals. The more discovery signals transmitted concurrently, the higher premium from users. The number of discovery signals is not limited to the bandwidth of an eNB cell. The number of discovery signals is limited by the caused interference and the transmission range. The longer transmission range, the less discovery signals could be transmitted within a geographical region. A balance between transmission power and charging fee should be considered for D2D network operation.
Network currently provides a backhaul to support at least peak rate of a cell/sector per site. The network also supports the AAA and maintains UE information in the network. D2D network operation does not necessitate a backhaul to support a peak rate of a D2D link. Comparing to 1Gbps backhaul for a LTE site, D2D control signaling may only require couple Mbps. The network supports the AAA and maintains UE information in a core network.
Table 1: Radio Access Network Operation Comparison.
	
	Cellular Network Operation
	D2D Network Operation

	Service
	1. Wireless connection to one internet entity supported by operator
2. Broadband traffic pipe to the internet entity with 100 Mbps backhaul
	1. D2D connection authorized by a network

2. D2D transmission authorized by a network

	Co-existence
	N.A.
	Spare uplink radio resource with the direct to device proximity service

	Resource
	1. Bandwidth per cell 

2. Number of deployed cells
	1. Transmission power
2. Bandwidth
3. Time

	Charge
	1. Transmission bits

2. Throughput
3. Connectivity
	1. Bandwidth/time 
2. Transmission range/power
3. Location of transmission/ communication

	Operation target
	Maximize number of transmitted bits in a system view
	Maximize number of concurrent D2D transmission in a system view
Maximize number of concurrent D2D connections in a system view

	Network Support
	1. Backhaul transmission to internet connectivity which increases with air interface
2. Support AAA and Maintain UE information within a network
	1. Support AAA and maintain UE information within a network


Proposal 5：Adopt Table 1 into TR 36.843 into section A.X.
4. Conclusions

This paper analyzes D2D requirements and tries to linkage between operation needs and system parameters. We try to map service requirement into radio access design parameters to facilitate operator’s control. The linkage between service and parameters are described in this paper and further optimization direction could be considered as well.
Observation 1: Maximizing the number of concurrent D2D direct links is newly-introduced performance metric comparing to cellular network operation. 
Observation 2: Mandating radio usage and mitigating interference would be considered in this D2D framework. 
Observation 3: Operator provides D2D resource allocation service instead of high speed mobile internet access service.
Observation 4: Monitoring mechanism shall be developed for D2D proximity service.
Observation 5: Radio access network shall be able to control transmission power, radio resource for D2D communication.
Observation 6: D2D communication is radio resource authorization service.
Observation 7: Interference mainly comes from ProSe-enabled UE for D2D communication and spectrum management. 
Observation 8: D2D discovery communication is broadcast behavior and transmission range is proportional to the transmission power.
Observation 9: Transmission power shall be mandated from network to mandate interference among D2D UEs.
Proposal 1： The definition of range for D2D discovery is determined by transmission power.
Proposal 2：Network shall be able to configure transmission power of each D2D UE.

Proposal 3：Network shall be able to configure radio resource of each D2D UE, e.g. bandwidth and time.

Proposal 4：Network shall be able to control interference from each D2D UE
Proposal 5：Adopt Table 1 into TR 36.843 into section A.X
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