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1. Introduction

At RAN1 #72 meeting, the discussion on the study item “Study on LTE Device to Device Proximity Services” [1] was started. Based on the outcome from the meeting, the following working assumptions are agreed considering the deployment scenarios [2]:

· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases.
In addition, from the chairman’s observations, it is encouraged to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs. 
Based on the agreed assumption and with respect to the assumptions and observations from RAN1 #72, we have sharpened our previous contribution [3] and in this document we discussed the general scenarios with network coverage which is applicable to both public safety and non-public safety usage.
2. Discussion
2.1 Network coverage

As indicated by the following table of the LTE D2D ProSe SI [1], regarding public safety and non-public safety, obviously one common scenario is the cases with network coverage. 
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


As discussed in [4], network coverage and the possible synchronized operation can provide the main advantages of LTE-based proximity solution. Furthermore, we have observed that there are various PS usage scenarios requiring network coverage. Taking TETRA Direct Mode Operation (DMO) as an example, the following operation modes have been defined according to [5]:

· Local Area DMO Communication

Local area DMO communication is mainly used to provide additional capacity outside the TMO (Trunked Mode Operation) network for localised work activities or in poor TMO RF coverage areas and/or when service from a local base station site is lost.

· TMO network range extension

The most frequently used DMO application is to provide TMO network range extension allowing portable communications in areas of a TETRA network where only mobile radio coverage is supported.

· Communications between DMO and TMO users

In certain cases, communications between DMO and TMO users are necessary via “DMO gateway”. Devices need to support “Dual Watch” to receive calls from both modes.

· Enhanced local area DMO RF coverage performance.
After looking at a bit more detail of these scenarios, it can be observed that network coverage plays a key role here since almost all the cases can take place within network coverage. Similar conclusion can be obtained from the public safety use cases defined in [6] as well. More specifically, network coverage is clearly required at least in the following use cases:
· ProSe Discovery Within Network Coverage
· Basic ProSe One-to-One Direct User Traffic Initiation in Public Safety Spectrum Dedicated to ProSe
· ProSe Hybrid and Range Extension
· Co-existence of ProSe Communication and E-UTRAN communication
Moreover, if network coverage is available, with the possible network assistance, potential performance gain can be achieved.
As to partial network coverage scenario, depending on the use case and scenario, it can be seen as a special case of the scenarios with network coverage. For example with the use case of ProSe Hybrid and Range Extension [6] the following requirement is defined:
[PR.72] Based on operator policy, the operator network shall be able to control the ProSe communication between public safety UEs out of coverage that are in ProSe communication with a public safety UE in coverage, which is acting as a relay.
From which it can be seen that the operator network can control the ProSe communication UEs although some UEs might be out of the coverage. 
Based on the analysis, considering the workload in RAN1 and potential different PS requirements for the cases without network coverage, in our view, the common scenario with network coverage should be put with high priority. 
Proposal 1: The feasibility study of ProSe D2D discovery and communication should initially focus on the common scenario to both non-PS and PS with network coverage. Working on the cases without network coverage can be started after further clarification of PS requirements.
2.2 Carrier frequency considerations
Carrier frequency is one of the most important issues to be considered when designing solutions and enhancements to LTE RAN in order to support D2D proximity service. In case of D2D proximity service within network coverage, the D2D carrier frequency can be the same or different compared to the one used for regular cellular communications. Dedicated carrier is a viable solution in the case with PS usage, but much difficult in non-PS case, if not impossible. Hence, it is envisioned that sharing the same carrier frequency between ProSe service and regular cellular service is a typical scenario in both PS and non-PS cases.
In addition, in order to ensure a good progress of the studies, it is desirable to minimize the number of options and maximize the applicable scope of the solutions. In case D2D proximity services are operating in a dedicated carrier than the regular cellular communication, there are more degrees of freedom on how to design the discovery and communication solutions. Some of the solutions designed for the dedicated carrier might be applicable to the case where D2D proximity services and cellular communications share the same carrier as well, but in the shared carrier case there is a clearer requirement to prioritize solutions with better coexistence management. On the other hand, it is natural that solutions derived for the shared carrier case can be applied to a situation with dedicated carriers for cellular/PS service and D2D operations, even if further enhancements would be possible in this case. Furthermore, comparing to LTE D2D proximity services in a dedicated carrier, with co-channel operation there is no requirement on spectrum availability and hence the service can be provided with the current spectrum.
Proposal 2: Focus the initial investigations on the co-channel operation between cellular and LTE D2D, as a solution that satisfies the requirements for co-channel operation can be applied to the cases with dedicated D2D carrier as well, but the converse is not necessarily true. Further extensions of D2D proximity services to separate carrier case are FFS.
Considering the recent conclusion from RAN1 SI on small cell scenarios and requirements [7], there will be three different scenarios for co-channel deployment as shown in Figure 1 of [3]: 

· Co-channel between macro layer and D2D; 
· Co-channel between small cell layer and D2D, but different from macro layer;

· Co-channel among all three different layers (macro, small cell, D2D).

2.2 Resource utilization

As described above D2D proximity service can be provided in dedicated carrier(s) or share carrier(s) with regular cellular/PS communication. In the case that D2D proximity service is offered in the same carrier as regular cellular/PS communication, either DL or UL resources can be allocated for D2D operation and the radio resources can be statically or dynamically scheduled between regular cellular/PS data communication and D2D UEs. But even in the dedicated D2D carrier case there are different options available. In case of using paired band (i.e. FDD carrier) the D2D communication might be deployed on the UL carrier or DL carrier as such, especially if D2D proximity service is TDD based. Considering the factors such as spectrum availability, potential co-channel operation between D2D and FDD or TDD macro cells, and UE implementation complexity and so on, we consider TDD to be a better candidate for providing D2D proximity communication than FDD. In principle, it is possible to use either DL or UL resources for ProSe D2D discovery and communication. When choosing the resources for D2D operation, it is necessary to consider certain factors for example UE implementation complexity, interference between regular cellular communication and D2D communication. Depending on the available resource, how to use the D2D resource among D2D UEs is FFS.
Proposal 3: Considering various factors such as the available spectrum, UE implementation complexity and so on, using TDD for ProSe D2D operation should be put high priority. It is FFS, which type of resources is to be utilized for D2D operation in case of FDD carriers and/or TDD carriers. 

2.3 Outdoor and indoor

Generally speaking, due to different use cases of LTE D2D proximity service, the network deployment scenarios should address different cellular/PS network deployment scenarios including urban, suburban and rural.

LTE D2D proximity service should target both outdoor and indoor users. Of course, also outdoor-to-indoor operation needs to be supported as well in case of D2D communication for public safety/emergency services (e.g. ProSe Range in [6]). In line with the recommendation of RAN1 WG from last meeting, we are proposing to reuse the agreed scenarios whenever possible. TR36.814 [8] includes good reference scenarios common to both PS and non-PS usage. For homogeneous deployments, it is recommended to take 3GPP case 1 as the baseline for simulations. While in order to study the performance with heterogeneous network deployment scenarios, we propose that the case 5.1 (see Section 2.1.1.2 in [8]) with “macro+femtocell” deployment can be reused as the starting point for performance study. With these two scenarios, it is possible to cover different cases like indoor-to-indoor, outdoor-to-indoor, and outdoor-to-outdoor. In addition, it is also worth to note the progress on small cell scenarios in RAN1 discussion, the agreed small cell scenarios could be reused for LTE D2D study as well.
Proposal 4: Scenarios for LTE D2D proximity service should include outdoor-to-outdoor, indoor-to-indoor as well as outdoor-to-indoor cases, but not all scenarios are of equal priority to all use cases. For efficient progress, it is proposed that reusing the agreed scenarios whenever possible and further 3GPP Case 1 and Case 5.1 can be used as the starting point for performance study. Also applicability and reuse of scenarios from small cell SI should be investigated carefully when available.
As to the related channel models, both UE-UE links and UE-eNB links need to be modeled in order to evaluate various D2D solutions. More detailed channel model proposal can be found [9]. 
2.4 Synchronization
Both synchronized and asynchronized scenarios should be considered among LTE D2D UEs. For D2D proximity services within network coverage, it is reasonable to assume that UEs are synchronized to the cellular network at least. This is particularly the case for co-channel operation, but accuracy of synchronization for the dedicated band case is FFS. 

In case cellular network is FDD, cells may not be assumed to be synchronous in general, in which case D2D capable UEs are assumed to be synchronized to the associated eNB only. In case D2D UEs are associated to the same eNB, the UEs are synchronized after they get synchronized with eNB. But no assumption can be made a priori about the synchronization of D2D UEs associated to different eNBs unless eNBs are synchronized due to other benefits as well. In case cellular network is TDD, it is reasonable to assume that LTE D2D UEs are synchronized.
If network coverage cannot be assumed, then synchronization among D2D UEs cannot be assumed, and mechanisms for synchronization are FFS. As we need some prioritization, in order to reduce the number of cases to be investigated in the initial studies we suggest:
Proposal 5: In cases with network coverage, synchronized D2D operation should be prioritized in the initial study phase and then the asynchronized case can be considered. 

2.5 Traffic

For general D2D proximity service, it is assumed that the traffic models should be the same as for regular cellular communications, for example non-full buffer FTP model as defined in TR 36.814 [8]. Depending on how tight the allocated resources dedicated to D2D communications are, full buffer simulations may lead to distortions on evaluation of overall spectral efficiency. Additional traffic models needed for public safety case are FFS.

Proposal 6: For both general services and PS services, the traffic model should reuse earlier traffic models for regular cellular communications as defined in TR 36.814, and non-full buffer traffic models should be prioritized.
2.6 User distribution and local connections

For commercial use cases (e.g. social application), the UEs should follow the same distribution patterns as for regular cellular communications, and in principle the same parameters for user distribution could be used as in earlier RAN1 studies, e.g. as in TR 36.814. However, specific considerations must be made taking into account specific characteristics of D2D proximity services, for example the proportion of users that can be assumed to be ProSe enabled, how many UEs in RRC_IDLE mode can be discovered and/or discover others and how many of the connections are relevant for ProSe service. In TR22.803 [6] it is assumed that for public safety use case 100% of UEs are ProSe enabled, however for commercial use case one could assume the number of users to be scaled by a factor of p<=1, which represents the proportion of non-public safety UEs that are assumed to be ProSe enabled. The exact value for p and for the total number of UEs per macro cell area is FFS.

Proposal 7: Assume the total number of UEs per macro cell area to be scaled by a factor p<=1 to take into account the assumed number of UEs that would be ProSe enabled and participating in D2D discovery in that network. The exact value of p for commercial use case is FFS whereas a value of p=1 can be assumed for the use cases where only public safety UEs are considered. The total number of UEs per macro cell area is FFS.
For public safety use cases, there might be a need to characterize different user distributions than those considered in the context of regular non-PS cellular communications, for example in emergency situations where a larger number of devices could be present in the same area simultaneously. This could lead to scenarios where clusters of UEs are assumed, which could be indoors, outdoors or both. This could happen in commercial use case as well, for example in stadium where a number of UEs sharing information among each other.
For D2D communications, even assuming all UEs to be ProSe enabled, in general it cannot be assumed that all connections initiated by UEs in a given scenario are terminated in another UE in the same area, as UEs are still connecting to Internet, making voice calls, etc. Hence, only a certain amount of the simulated UEs can be assumed to be connected to UEs within the simulated network area, and hence only those are potential D2D communication links. It should be noted that for comparison with communications over cellular communication alone, the same statistics of local connections need to be considered, and the same data should not be counted twice for spectral efficiency statistics. Also note that the probability of having a local connection in case of PS use cases (e.g. emergency services at the target location) might be different (e.g. higher) compared to commercial use cases.
Proposal 8: When simulating D2D communication, assuming a probability p_local that the data communication is ending in another UE within the simulated network. Feasibility of the potential D2D link for actual D2D communications will depend on the assumptions for design of D2D communication channels and procedures and such feasibility evaluation should remain independent of user distribution itself. The different probabilities p_local for commercial use case and for PS use case are FFS.
3. Conclusion
In this contribution, we have discussed various aspects of D2D deployment scenarios and led to the typical deployment scenario as shown in REF _Ref349315609 \h 


 REF _Ref349315609 \h 
 Figure 1. Figure 1 illustrates the scenarios of LTE ProSe D2D service with network coverage or partial coverage. 
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Figure 1 ProSe D2D deployment scenarios

Within each ProSe D2D clusters, there could be more than two UEs, especially considering PS use cases. In particular we propose with respect to the general scenario that:

Proposal 1: The feasibility study of ProSe D2D discovery and communication should initially focus on the common scenario to both non-PS and PS with network coverage. Working on the cases without network coverage can be started after further clarification of PS requirements.
Considering more detailed aspects, the discussions lead to the following proposals:
Proposal 2: Focus the initial investigations on the co-channel operation between cellular and LTE D2D, as a solution that satisfies the requirements for co-channel operation can be applied to the cases with dedicated D2D carrier as well, but the converse is not necessarily true. Further extensions of D2D proximity services to separate carrier case are FFS.
Proposal 3: Considering various factors such as the available spectrum, UE implementation complexity and so on, using TDD for ProSe D2D operation should be put high priority. It is FFS, which type of resources is to be utilized for D2D operation in case of FDD carriers and/or TDD carriers. 

Proposal 4: Scenarios for LTE D2D proximity service should include outdoor-to-outdoor, indoor-to-indoor as well as outdoor-to-indoor cases, but not all scenarios are of equal priority to all use cases. For efficient progress, it is proposed that reusing the agreed scenarios whenever possible and further 3GPP Case 1 and Case 5.1 can be used as the starting point for performance study. Also applicability and reuse of scenarios from small cell SI should be investigated carefully when available.

Proposal 5: In cases with network coverage, synchronized D2D operation should be prioritized in the initial study phase and then the asynchronized case can be considered.
Proposal 6: For both general services and PS services, the traffic model should reuse earlier traffic models for regular cellular communications as defined in TR 36.814, and non-full buffer traffic models should be prioritized.

Proposal 7: Assume the total number of UEs per macro cell area to be scaled by a factor p<=1 to take into account the assumed number of UEs that would be ProSe enabled and participating in D2D discovery in that network. The exact value of p for commercial use case is FFS whereas a value of p=1 can be assumed for the use cases where only public safety UEs are considered. The total number of UEs per macro cell area is FFS.
Proposal 8: When simulating D2D communication, assuming a probability p_local that the data communication is ending in another UE within the simulated network. Feasibility of the potential D2D link for actual D2D communications will depend on the assumptions for design of D2D communication channels and procedures and such feasibility evaluation should remain independent of user distribution itself. The different probabilities p_local for commercial use case and for PS use case are FFS.
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