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1
Introduction
In LTE device to device for proximity service SI [1] description, one of the study objectives is: 

1) Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]
a) to discover each other in proximity directly in a power-efficient manner 
b) to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications
According to the meeting agenda [2], agenda item 6.2.7.4 will discuss D2D communication issues, more specifically “Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.” Hence, in this document we focus on the general scenario “with network coverage” for public safety and non-public safety use cases, and we provide our views on the related D2D communication issues. 
2
Implications from D2D ProSe communication requirements
SA1 has completed the SI on “Feasibility study for Proximity Services (ProSe)” in TR22.803 [3]. The objective of the SA1 SI was to study use cases and identify potential requirements for operator network controlled discovery and communications between UEs that are in proximity, under continuous network control. In order to achieve efficient progress in RAN1, it is of necessity to study the requirements derived from SA1 work and check the impacts on the design of RAN1 D2D communication system concept. Considering the RAN1 work load and possible various D2D communication solutions, it would be benefit for both the standardization progress and the implementation if the D2D communicatin concept can be designed in a way with minimized complexity.
Observation 1: In order to efficiently design D2D communication system and have the aligned system requirements, it is necessary to study the D2D communication requirements summarized in SA1. With these requirements in mind, within RAN1 we should target to design D2D communication concept with minimizing complexity.
Taking the same terminology as in [3], the following discussion is started from the requirements derived from general use cases and then covers the requirements from PS specific use cases. It should be pointed out that the requirements derived from general D2D use cases are not exclusive applicable to consumer use case only, some of them can be applied to PS use case as well.
2.1
General requirements
Considering the general or non-public safety D2D communication use scenarios from [3], one of the most important requirements is “Service Continuity between Infrastructure and E-UTRA ProSe Communication paths” (see Section 5.1.6 of [3]). The relevant potential requirements to achieve such service continuity include, for example:
[PR.99] The operator shall be able to dynamically control the proximity criteria for ProSe communication. Examples of the criteria include: radio range, communication range, channel conditions, achievable QoS.

[PR.27] The system shall be capable of establishing a new user traffic session with an E-UTRA ProSe Communication path, and maintaining both of the E-UTRA ProSe Communication path and the infrastructure path simultaneously, when the UEs are determined to be in range allowing ProSe Communication. 

Note 1: ProSe Communication between UEs served by different PLMNs can be subject to the availability of suitable radio resources (e.g., shared RAN in a MOCN/GWCN environment).

Note 2: ProSe specifications should take into account the relative speed of ProSe-enabled UEs. 

[PR.29] The system shall be capable of monitoring the communication characteristics (e.g. channel condition, QoS of the path, volume of the traffic etc.) on the E-UTRA ProSe communication path, regardless of whether there is data transferred via infrastructure path.

[PR.34] The Radio Access Network shall control the radio resources associated with the E-UTRA ProSe Communication path. 

Based on these potential ProSe commmunication requirements, it can be observed that some potential D2D communication related procedures need to be supported from RAN1. More specificially:
-
D2D resource control/allocation in case under network coverage or even under partial network coverage;
-
Measurement, in addition to regular cellular measurement, of D2D link measurement is necessary;
-
D2D link adaption;

-
D2D link power control;
Proposal 1: Taking into account different characteristics due to D2D operation e.g. limited communication range, D2D propagation due to low antenna at both ends, relative speed etc. PHY layer procecedures for example resource access, measurements, link adaption, power control need to be enhanced to support D2D communication.
2.2
Public safety specific requirements
Considering the public safety use cases described in Secion 5.2 of [3], it can be found out that one clear requirement is the capability of supporting D2D group communication as can be noted from the use cases such as ProSe Group, ProSe Broadcast. Some of the relevant potential requirement examples are listed below: 
[PR.60] A public safety UE shall be capable of establishing one-to-one ProSe direct connection and exchange user traffic with multiple UEs concurrently, on public safety spectrum dedicated to ProSe services, assuming they are in radio range, are authenticated and authorized.

[PR.61] A Public Safety UE shall be capable of transmitting data to a group of Public Safety UEs using ProSe Group Communications with a single transmission, assuming they are within transmission range, authenticated and authorized.

[PR.64] An authorized public safety UE shall be capable of sending a broadcast message to all authorized public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission.

[PR.65] An authorized public safety UE may be capable of acting as a relay for other public safety UEs. 

[PR.123] ProSe-enabled public safety UEs when using ProSe Communications should have no impact on communication between other UEs communicating via E-UTRAN.

Based on these examples of PS D2D communication requirements, we have observed that LTE D2D communication concept needs to possess the capability of supporting group communication (e.g. multicast, broadcast), UE relay and also coexistence scheme between D2D communication and regular cellular communication. 
Group communication can take place in various forms, for example, simultaneous multiple D2D links where one UE has more than one D2D communication link. Another possibility is D2D broadcast or multicast in which the same information needs to be transmitted to multiple D2D UEs. If the information is targeted for all authenticated PS UEs, broadcast transmission can be utilized. On the other hand, if the information is only targeted to certain limited members in the group, multicast is a better choice. How to support D2D broadcast/multicast needs to be studied in RAN1 and clearly RAN2 or RAN3 involvement is also necessary. 
In addition to group communication, another requirement is the coexistence scheme between regular cellular communications via E-UTRA and D2D ProSe communication. According to the agreed scenario in Chairman’s note of RAN1#72bis [4], co-channel deployment between regular cellular communication and D2D communication is agreed and it is of importance to design efficient co-existence schemes. There should not be notable negative impacts on the performance of regular cellular UEs due to the D2D communication as given by [PR.123] above.
Another aspect worth mentioning is UE relay operation. This is relevant in partial network coverage use case. As discussed in our early contribution [5], depending on the technical solution, the device within network coverage might in some aspects extend the network coverage towards the out-of-coverage UE, possibly with limited functionality, in which case it can be seen as a special case for D2D communication within network coverage.
Proposal 2: Requirements (e.g. on group communication, co-existence and UE relaying functionality) from PS needs to be taken into account when designing D2D communication concept.
3
D2D Communication

In this section, various elements to form D2D communication concept are discussed.
3.1
Duplexing

For network controlled D2D operation, the cellular system can be operated in either FDD or TDD mode. Considering the agreed scenarios from last RAN1 meeting [4], D2D communication will take place in the same carrier as cellular communication in case of with network coverage. There could be several combinations for the duplexity of cellular systems and D2D communication and different combinations will have different challenges. The different combination options are shown in Table 1.   

Table 1: D2D communication duplexing options
	D2D\Cellular

	FDD
	TDD

	FDD
	Feasible
	Not feasible

	TDD
	Feasible
	Feasible


It should be pointed out that in case the cellular network is operated with TDD, it is not straightforward to incorporate D2D communication with FDD. Therefore it is marked as “Not feasible” in Table 1. In addition, considering the factors such as spectrum availability and UE implementation complexity etc., we consider TDD to be a better candidate for providing D2D proximity communication than FDD. As to resource usage, it is in principle possible to use either DL or UL resources for ProSe D2D communication. When choosing the resources for D2D operation, it is critical to consider certain factors, for example UE implementation complexity and interference between regular cellular communication and D2D communication. Depending on the available resources, how to use the D2D resources among D2D UEs is FFS.
Proposal 3: For D2D communication, TDD should be selected as the duplexing mode. It is FFS, which type of resources is to be utilized for D2D operation in case of FDD carriers and/or TDD carriers.
3.2
Multiple access scheme

One of the key issues to be solved for D2D communication is the multiple access scheme, i.e. OFDMA based or SC-FDMA based. We consider it is important to reuse the same numerology including the same frame structure such as number of symbols per subframe, symbol length and so on, also the same frequency parameters should be reused like number of sub-carriers per PRB, sub-carrier spacing etc. However, we also need to investigate which multiple access scheme is more suitable for D2D communication especially considering the concept design complexity and UE implementation complexity. If reusing SC-FDMA for D2D communication, it is simpler from UE transmitter point of view since it is already implemented. However, as a new requirement, additional SC-FDMA receiver at the UE side is of necessity. On the other hand, if reusing OFDMA transmission for D2D communication, no new receiver is required at the UE side, but it requires the modified TX chain. Obviously this is only the high level impacts on UE implementation; there are other aspects for example, possibility of reuse control channel structure, interference issues etc. which need to be considered as well.
Proposal 4: Reuse the same numerology as regular LTE cellular communication including timing parameters and frequency parameters are important and should be prioritized. Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation, and it is hence FFS.
3.3
Resource access scheme
In principle, either contention or scheduling based resource access scheme (or even their combination) could be adopted for the LTE based D2D communication. Considering LTE system is designed for scheduling based resource usage, and in order to reduce the design complexity, it is reasonable to assume extension of the LTE scheduling based resource allocation to D2D communication as a baseline solution. However, it can be further studied whether current scheduling request/scheduling grant assignment procedure can be simiplified to reduce the scheduling related signalling overhead and latency, taking into account the specific characteristics of direct D2D communication.   
In case there is network coverage or partial network coverage, the eNB can be involved in the D2D communication resource allocation in order to optimize resource reuse, e.g. targeting higher spectral efficiency and minimization of interference between D2D communications, and between D2D communications and regular cellular communication. Resource allocation for D2D communications can be seen from two levels, the first level being allocation of part of cellular resources to be used for D2D communication and on the second level the D2D communication UEs decide how to share and use the resources among themselves. Optimization of resource allocation taking both levels into account is FFS.
In addition, design of scheduling based resource access scheme should take into account the possible requirements from cases without network coverage as well. In this case, the resource access and interference management schemes may need to be extended in order to take into account that there is no eNB to coordinate the resource usage, depending on the D2D communications schemes and on the PS use cases for which optimization of resource usage is required. 
Proposal 5: Scheduling based resource allocation should be the baseline of D2D communication in order to maximize spectral efficiency and minimize the interference. Enhancement of the current LTE resource allocation scheme to support D2D communication is FFS.
3.4
PHY Procedures to support D2D communication 

As discussed in Section 2, in order to meet the D2D communication requirements, some PHY procedures need to be studied further. 
Timing synchronization 
A likely design alternative is that the D2D communicating UEs are in a master-slave relationship. Timing synchronization could then happen on two levels, the first level involving timing synchronization of master UEs and the second level the timing control between the master and slave UEs.

Synchronizing of master UEs could be beneficial or necessary for efficient resource sharing between cellular and D2D communication or between the D2D masters. When the D2D UEs are under the coverage of synchronized networks, their timings can be synchronized to the timing of the cellular DL transmission time with the help of UL timing advance value by using the mean of the received DL signal timing and the UL timing as the reference time. Then all D2D UEs would have the same time reference, even if their timing advances were for different eNBs. In case of asynchronous networks, there is no simple way of synchronizing D2D UE timings except within the coverage of a single cell. In this case, it should be considered if even the bare received DL signal timing could serve as the reference. It should be noted that in case a master-slave relashionship exists between D2D UEs, then it is more critical that master UEs have a clear synchronization reference.

In order to support the situations where slave UEs are out of network coverage (or without cellular UL timing control in case of synchronized network), the slaves would be synchronized to the timing of master UEs. Typically there would not be need to compensate the propagation time between the master and slave because most likely the separation between the devices is expected to be at most a few hundred meters. Support for larger separations might be needed for the public safety use case and there a system where the master sets timing advance for its slaves could be considered.

Frequency synchronization

Like with timing synchronization, a two level system could be considered: a UE providing synchronization reference (e.g. master UE) synchronizes to the cellular carrier, and the other UE (e.g. slave UE) synchronises its D2D reception and transmission frequency to that of the other UE. One of the UEs would then need to maintain a frequency offset value between its D2D and cellular communication. The offset would correspond to the sum of several components including eNB frequency offsets when the two UEs are under different eNBs, errors that UEs make in frequency determination, and Doppler shifts. The concept with two level of synchronization could be necesasry if one of the UEs would need to be able to receive simultaneously from different UEs. If that is not needed both UEs could transmit with the frequency derived from their eNBs.

Power control
Power control (PC) is one of the key elements to control the UE performance and its corresponding interference (to other UEs). In the case of within network coverage, PC is important to suppress interference to other D2D pair or cellular UE in case of resource re-use; further in the case of without network coverage, PC is important to avoid the near far problem among D2D pairs. Different power control algorithms can be designed based on different criteria. Meanwhile, there are some common requirements for power control. For example, PC should be able to provide acceptable performance e.g. SINR target for each UE and provide acceptable interference level for each UE. PC can be used to guarantee the performance of overall network at the acceptable (or optimized) level. And furthermore, PC should be robust enough to the control signaling delay and error. Based on the requirements, RAN1 needs to investigate the applicability of the current specified power control procedures and algorithms to D2D communication.
Measurement
Similar to other measurements, the purpose of D2D measurement is to get knowledge of the channel conditions between D2D UEs in addition to interference situation at D2D UEs. The measurement results are used either by the network or by the D2D UEs for the purpose of ProSe communication mode selection, resource allocation, D2D TX power adjustments, and the results are necessary for the UE to learn about the channel quality and potentially also help with interference control. In case of without network coverage, many D2D pairs may share the radio resource and produce inter-D2D pair interference, it is an open issue if and how to measure inter-D2D pair interference. The measurement setting can be configured by eNB or negotiated between D2D UEs. 
Link adaption
Link adaption (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates can be used on the D2D communication link to increase spectral efficiency. Based on the D2D channel measurement results, the D2D UEs can select the suitable modulation and channel coding schemes. 
HARQ operation

E-UTRAN provides ARQ and HARQ functionalities and the HARQ functionality ensures delivery between peer entities at Layer 1. We see HARQ can be beneficial for D2D direct communication especially for without network coverage case, where interference among D2D pairs may be severe, and then L1 HARQ could improve realiability of direct communications.  One aspect impacting HARQ operation is that in case TDD is used as duplexing scheme for D2D communication, the D2D devices may be allowed to dynamically configure the TDD Tx/Rx switching point in a flexible way. Design of a flexible HARQ mechanism to cope with requirements of D2D communications is FFS. 
UE Relay

As discussed in Secion 2, UE relay is one of the requirements in order to support certain PS use cases. By the nature or UE relay, one or more UEs in the D2D communication is within network coverage and the others are without network coverage and hence it can be seen as a typical scenario of partial network coverage. RAN1 should consider whether some procedures designed for non-PS D2D communication can be utilized for UE relay case as well. 
Observation 2: The PHY procedures including synchronization, power control, measurement, link adaption and HARQ operation need to be studied further in order to efficiently support D2D communications. Also how to support UE relay is one of the issues to be solved.
4
Conclusion
In this contribution, firstly we have discussed the implications from ProSe communication requirements, and then D2D communication concept was discussed. 
In particular with respect to the D2D communication in general we have the following observation:

Observation 1: In order to efficiently design D2D communication system and have the aligned system requirements, it is necessary to study the D2D communication requirements summarized in SA1. With these requirements in mind, within RAN1 we should target to design D2D communication concept with minimizing complexity.
Observation 2: The PHY procedures including synchronization, power control, measurement, link adaption and HARQ operation need to be studied further in order to efficiently support D2D communications. Also how to support UE relay is one of the issues to be solved.
The discussion of the ProSe communication potential requirements from both non-PS and PS use cases leads to the following proposals:
Proposal 1: Taking into account different characteristics due to D2D operation e.g. limited communication range, D2D propagation due to low antenna at both ends, relative speed etc. PHY layer procecedures for example resource access, measurements, link adaption, power control need to be enhanced to support D2D communication.
Proposal 2: Requirements (e.g. on group communication, co-existence and UE relaying functionality) from PS needs to be taken into account when designing D2D communication concept.Considering the LTE based D2D communication system design, we have the following proposals and observation:
Proposal 3: For D2D communication, TDD should be selected as the duplexing mode. 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: Reuse the same numerology as regular LTE cellular communication including timing parameters and frequency parameters are important and should be prioritized. Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation, and it is hence FFS.
Proposal 5: Scheduling based resource allocation should be the baseline of D2D communication in order to maximize spectral efficiency and minimize the interference. Enhancement of the current LTE resource allocation scheme to support D2D communication is FFS.
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