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1. Introduction
Proximity services require fundamentally new modes of physical layer operation in LTE.  Consequently, relevant scenarios and evaluation methods for device to device transmission are needed in order to evaluate physical layer performance.  We discuss and make recommendations on some basic aspects of scenarios, evaluation, traffic models, performance metrics, and requirements for the case where UEs are all under network coverage.
2. Discussion
2.1. Scenarios and Evaluation
Even if we consider only proximity discovery, it seems difficult at this stage to substantially reduce the range of speeds we need to consider due to the myriad of potential applications.  While proximity discovery for indoor UEs can clearly focus on low UE speeds, if proximity discovery is used to augment location estimates in outdoor scenarios, the UE could be at moderate vehicular speeds for on the order of minutes (assuming hundreds of meters of range for proximity signals) while still in range of a given UE.  When device to device communication is considered, e.g. for high transmit power public safety applications, high vehicular speeds could be of interest.
Since proximity services could be useful indoor and outdoor, and at a variety of speeds, they seem to be compatible with any of the deployment scenarios listed in 36.814 [1] and for the Small Cell study [5].  However, we may wish to prioritize scenarios in order to design physical layer features to support proximity services.  Since the main aspects of the models are the UE to UE radio links, homogenous network setups seem to be a reasonable starting point for evaluations.  Synchronized networks should also be assumed (however evaluations should take into account timing references and resulting interference).  While heterogeneous operation could be important, it may not be essential initially, and could be investigated after the operation under the (more benign) homogeneous case is baselined.  
Given that there is interest for ProSe discovery applications in urban areas where microcellular deployment is often appropriate, ITU UMi seems a reasonable choice for outdoor eNB deployments.  Pathloss models for UE to UE transmission for outdoor-outdoor, indoor-outdoor, and indoor-indoor are needed, as discussed in [2].
Since indoor eNB deployment is becoming more important in Rel-12 and since the radio conditions are significantly different from outdoor eNB deployments, it seems useful to study the indoor case as well.  Sparse deployments such as ITU InH or the sparse Small Cell scenario 3 seem to be appropriate starting points.  While the parameters of the model may need to be tuned, we somewhat prefer the dual stripe layouts of Small Cell scenario 3 for evaluation, as these are more flexible, being designed to support randomly placed eNBs, which seems a better match for UE to UE radio links.  As for the outdoor eNB case, pathloss models for UE to UE transmission for outdoor-outdoor, indoor-outdoor, and indoor-indoor are needed [2].
While ProSe discovery can be used and may be quite helpful to decide to establish ProSe communication, discovery using direct mode transmission is not a prerequisite for ProSe communication.  The public safety requirement that communication and discovery are configured independently [4], the use of discovery prior to ProSe WLAN communication, and use of network based ProSe discovery prior to ProSe communication exemplify this.  Therefore, the performance of either communication or discovery need not drive selection of scenarios for the other feature.  
Recommendations:
· A limited number of evaluation scenarios should be prioritized, and can be based on those in 36.814 or the Small Cell scenarios

· One homogeneous network with indoor eNBs and one homogeneous network with outdoor eNBs could be a starting point.

· ITU UMi for outdoor eNB scenario
· Sparse Small Cell scenario 3 based on dual stripe layouts for indoor eNB scenario
· Channel models updated at least for UE to UE pathloss [2].

· ProSe communication is evaluated independently of ProSe discovery.
2.2. ProSe Communication Traffic Models of Commercial Use
The traffic models for public safety applications without network coverage and for commercial applications using UE to UE radio links (‘direct mode’ communication) while under network coverage could be quite different.  When there is no network coverage, conventional traffic such as voice communication and file transfers seem reasonable, because direct communication is the only way to communicate.  However, once a network is available, direct mode is appropriate only when a UE has information that another UE wants and when direct mode is advantageous (e.g. provides better QoS for the UEs or provides better resource utilization for the network), and so the traffic models are more different.

It is not clear which, if any, existing LTE traffic models can well represent proximity services under network coverage using direct mode, since ProSe could have substantially different traffic characteristics.   It will likely be some time until traffic models for these new applications are well understood, and so it is necessary to consider possibilities that test different aspects of the air interface.  From a RAN1 perspective, the possible traffic models for commercial use might be broadly categorized as:

1. Large delay insensitive transmissions

FTP models may be attractive for multimedia traffic from e.g. advertising applications.  In this case, it needs to be decided if a UE can receive only one or multiple files in each session (i.e., if FTP models 1 or 2 from [1], or if FTP model 3 [5] is used).  While FTP model 1 is simple and has been widely used, multiple files per session may be a better model if the sessions are interactive.  FTP models may also be suitable to simulate public safety file transfers.

Full buffer traffic could be useful as an upper bound of the benefit of offloading traffic to ProSe communication and as a means to compare (at least roughly) to alternatives such as WLAN ProSe communication.   More accurate models should be used to draw conclusions on the merits of ProSe communication, however.

2. Small, delay insensitive, bursty transmissions 

Presence applications have been identified as use cases for ProSe discovery [3], and so may be considered for ProSe communication.  Presence, light-weight advertisement applications, and perhaps other ProSe communication services may require small amounts of data to be exchanged between UEs, and could be relatively delay insensitive.  Air interface and setup/teardown overheads are much more likely to be important for these services than for those that can be well modeled using FTP.  Traffic models such as those in eDDA (e.g. IM and light background) may be a starting point. 
3. Delay sensitive, long-lived sessions
While the use cases may not be as obvious, applications such as gaming or perhaps interactive video might be also be used for ProSe communication under network coverage.  They also will stress different air interface features, such as protocol overhead and/or mobility.  VoIP or gaming models could be considered.  Models for this class of traffic could overlap with public safety use cases.

Recommendation
· Identify requirements and models for the classes of traffic to be supported by direct mode communication under network coverage, considering:

· Both ‘FTP-sized’ and much smaller transmissions

· Delay insensitive bursty transmissions as well as delay sensitive, long-lived sessions.

2.3. Performance Metrics and Requirements
ProSe discovery and communication can be analyzed according to the general criteria normally used in RAN1.  Some of the more relevant criteria that might be considered are briefly highlighted in the table below.  Since many of the metrics can be traded for each other, evaluating all combinations of them is infeasible.  Therefore, it is necessary to fix some subset of them as requirements, and only evaluating ranges of a small number of others.  We also note that some criteria such as reliability, mobility, and UE battery consumption are heavily dependent on higher layer mechanisms and will therefore require inputs from other working groups at some point.  Furthermore, aspects such as the impact on existing LTE functionality and reliability will need further evaluation for specific solutions.
Example values and ranges are provided in the table to start discussion on the suitable values (that are hopefully a subset of the examples).  The indication ‘any’ means that values are unrestricted, and typically used as metrics for comparison between methods, while ‘ffs’ values should be enumerated, but are for further study.
Table 1: Evaluation Criteria and Parameters for ProSe Discovery and Communication
	Criterion
	Discovery Parameters
	Communication Parameters

	Capacity 
	· Maximum number of UEs that can be discovered per second per cell: [any]
	· CDFs of user throughput on a) ProSe links and b) LTE links of overlaid cells: [any]

	Range 


	· Distance at which a UE transmitting at a given power level can be discovered: [any]
	· Distance at which a minimum data rate [X Mbps; ffs] is supported at a given transmit power: [any]

	Latency


	· Time to discover a UE: [≤10s; values ffs]
	· Time to transmit a transport block: [ffs; traffic model dependent]
· Time to identify a device for the purpose of ProSe communication: [ffs; related to mobility]

	Resource Usage: 

[no more than x% of available resources?]
	· Occupied resources by and/or reserved for all discovery signals
· Number of RBs: [any]
· Percentage of subframes: [any]
· Overhead communication resources needed by discovery process (on overlaid cell or on ProSe communication links): [ffs]
	· Occupied resources by and/or reserved for ProSe communication (including control and shared channels)

· Number of RBs: [any]

· Percentage of subframes: [any]

	Reliability 


	For one complete reception of a UE’s discovery signal at the physical layer, probability of:

· Missed detection: [1, 10, 50%] 

· False detection: [0.1, 1, 10%]  
	· Fraction of locations where minimum ProSe data rate is not supported: [1, 5, 10%]

	Mobility  


	· Difference in UE speeds at which discovery functions at targeted quality: [3, 30, 120, 240 kph]
	· Difference in UE speeds at which communication functions at targeted quality: [3, 30, 120, 240 kph]

	UE battery consumption 


	· Average transmit power
· Number of subframes the UE needs wake up in for the purpose of discovery
	· Average transmit power
· Number of subframes the UE needs wake up  in for the purpose of communication


Recommendation:
· Determine the required values and ranges for parameters related to capacity, range, latency, resource usage, reliability, and mobility, listed in Table 1 above.

· Leave detailed analysis of any UE battery consumption related requirements for later discussions, pending inputs from RAN2.
3. Conclusion
Given the variety of potential use cases for proximity discovery and communication, the deployment scenarios of 36.814 and the Small Cell study [5] seem reasonable starting points for proximity services.   However, it is less clear what traffic models should be used for proximity communications under network coverage, and new criteria are needed to evaluate proximity discovery.  Therefore, we propose:
· A limited number of evaluation scenarios should be prioritized, and can be based on those in 36.814 or the Small Cell scenarios
· One homogeneous network with indoor eNBs and one homogeneous network with outdoor eNBs could be a starting point.

· ITU UMi for outdoor eNB scenario

· Sparse Small Cell scenario 3 based on dual stripe layouts for indoor eNB scenario

· Channel models updated at least for UE to UE pathloss [2].

· ProSe communication is evaluated independently of ProSe discovery.

· Identify requirements and models for the classes of traffic to be supported by direct mode communication under network coverage, considering:

· Both ‘FTP-sized’ and much smaller transmissions

· Delay insensitive bursty transmissions as well as delay sensitive, long-lived sessions.

· Determine the required values and ranges for parameters related to capacity, range, latency, resource usage, reliability, and mobility, listed in Table 1.

4. References 

[1] 3GPP TS 36.814, "Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects", rev 9.0.0, March 2010
[2] Research In Motion, R1-131351, “Comparison of channel models for D2D evaluation”, 3GPP TSG-RAN WG1 #72b, Chicago, USA, April 15-19, 2013
[3] 3GPP TR 22.803 V12.1.0, “Feasibility study for Proximity Services (ProSe)”, March, 2013

[4] 3GPP TS 22.278 V12.2.0, “Service requirements for the Evolved Packet System (EPS)”, March, 2013

[5] Huawei, R1-130856, “Evaluation assumptions for small cell enhancements-physical layer” , 3GPP TSG-RAN WG1 #72, St Julian’s, Malta, 28th January- 1st February, 2013
