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1. Introduction
The objectives of this feasibility study in [1] are to evaluate LTE device-to-device proximity services, as follows.
	
	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


 Especially, the work scope in [1] for D2D communication is as follows.
· Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]
· to discover each other in proximity directly in a power-efficient manner 
· 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
· For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]
2. Functionalities to support D2D communication
A variety of functionalities are adopted in LTE/LTE-A specification in order to enable UE to make, maintain or manage a link with eNB. Similarly, most of functionalities specified for eNB-UE link could also be reutilized for D2D communication, but issues caused by direct communication link among interested D2D UEs should be carefully addressed.  In order to envision which functionalities will be required for such a direct link, potential procedure of direct communication is listed below as an example and details on each bullet point will be addressed in following sections one by one.
· For D2D, UE should to able to

· Synchronization between the peer UEs

· Measure/Report the channel from other UEs (direct link)

· Receive signal/data via UL(/DL) resource

· Maintain two different links (as per SA requirements)
· One link with BS, another one with other D2D UE(s)
· Termination of connection
· For D2D, eNB should be able to

· Control D2D links

· Scheduling individual D2D transmission (tight) or high level control (loose)

· Do interference coordination

· D2D transmission of a UE should not cause serious interference to the other links.

A direct communication specific functionalities which correspond to some of above-mentioned bullet points needs to be carefully studied in order to resolve a lot of issues from new type of communication over UE-to-UE direct link. Also, there are some additional functionalities like UE relaying and groupcast/ broadcast that are specifically required for the public safety services.

Proposal#1: LTE functionalities are reused for D2D communication as much as possible, but newly introduced D2D own issues are carefully investigated in SI phase, considering trade-off between existing functionalities reuse and forward compatibility for “D2D evolution” or “D2D enhancements”  

3. Synchronization between the peer UEs
UE wishing to access an LTE cell should first perform a cell search procedure. This consists of a series of synchronization stages by which the UE determines a variety of synchronization parameters that are necessary to demodulate the downlink (e.g. PDCCH, PDSCH) and to transmit uplink signals (PUCCH, PUSCH, PRACH) with the correct timing. 
Now in D2D communication, similar synchronization procedure is required to synchronize the peer D2D UEs. UE might need direct PRACH-like procedure or new synchronization procedure which may requires new physical channel or signal. However at the beginning of the access or synchronization procedure UE has to know which timing instant the synchronization signal or similar should be transmitted, i.e. the UE’s downlink subframe boundary or uplink subframe boundary or other new reference timing. In another way, if UE is assumed to be in proximity, timing advance between the peer UEs is assumed to be approximately same and then no additional synchronization procedure is required. However even in this case, since the timing error still exists, proper handling, e.g. CP restriction to extended type will have to be accompanied with this approach. In other way new preamble for synchronization will be introduced.
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Figure 1: D2D synchronization in network coverage and outside network coverage

For out-of-network coverage, one simple approach is to select one reference UE randomly who temporally transmits reference signal for the synchronization purpose among UEs in the group. The reference UE can be seen as eNB with centralized scheduling, so we can keep a lot of commonality of D2D functions between inside network coverage and outside network coverage.
Proposal#2: Depending on level of proximity, UE synchronization approach should be different. In case of proximity UE nearby, they don’t necessarily have to do synchronization procedure/processing.
Propsoal#3: Synchronization scheme in outside network should have commonality with one in network coverage as much as possible. It is preferred for UE to transmit synchronization or equivalent signal to synch-up among UEs especially in outside network coverage.
4. Measurement for D2D communication
The UE and eNB are required to make physical layer measurements of the downlink and uplink radio characteristics, respectively [3]. The measurements are reported to the higher layers and are used for a variety of purposes including intra- and inter-frequency handover, inter-RAT handover, timing measurements and other purposes in support of RRM (radio resource management). That is, the measurements are one of essential key features to enable D2D pair UEs to discovery or communicate each other.  Unlike eNB-UE link measurements, however, D2D measurements are to measure discovery signal or instantaneous direct link among D2D UEs and report them to the peer UE (or eNB). The reporting target will vary on D2D schemes, especially according to a level of eNB controllability.

In addition, special measurement in initial D2D setup phase is required assuming that network will decide whether to allow or deny D2D connection setup. For this, measurements of discovery signal should be first performed and be reported to eNB for D2D permission. 
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Figure 2: Tight control vs. Loose control by eNB
According to network synchronization and D2D UE paring (i.e. intra or inter-cell), the measurements complexity would be different. In general, intra-cell D2D measurement is relatively easy to do because proximity UEs in a cell can be assumed to be synchronized while intra-cell UE measurement is more challenging because the two cells are not sure to be enough synchronized.
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Figure 3: Intra-cell and inter-cell measurement for D2D communication
Proposal#4: Interference management schemes are different depending on eNB controllability. Tight eNB control may offer better IC, but D2D communication flexibility will be restricted. It needs discussion about which approach is better
Proposal#5: eNB controllability provides large impacts on interference measurement results. It needs a kind of trade-off between controllability vs. interference management. 
5. Resources used for D2D communication
In many contributions, it has observed that D2D communication is more feasible to makes use of uplink band in FDD (and uplink subframe in TDD). The followings will explain why uplink D2D transmission and reception band should be uplink band.
· The compelling reasons could be summarized as follows.
· Reuse the UE ability of uplink transmission 

· i.e. uplink transmitter module can be reused.

· Avoid severe interferences from eNBs’ DL transmission

· Broadcast channel, reference signal and shared channel

· Alleviate the impact on eNB-UE links (WAN impact)
· Uplink resource has more UE dedicated property while DL resource has more cell-common property

· UE specific controllable power (data, RS, control)

· UE specific scheduling in uplink

· Less interference impact on uplink receiver (at eNB) 

· The receiver in the uplink resource is usually far from the D2D UE location
Proposal#6: Uplink band (FDD) or subframe (TDD) is used for D2D communication resources.
6. How to maintain both links (eNB-UE and dUE- dUE
)
As per SA requirements, D2D UE should be able to maintain eNB-UE communication link whilst a D2D UE is directly communicating with peer D2D UE(s). In other word, UE is required to maintain both D2D link and eNB-UE link simultaneously. “Maintaining both connections” will be able to be realized in a variety of approaches, e.g. mainly based physical layer functionalities or based on higher layer protocol level. Even though both links are not simultaneously active in a subframe, both connections are still in “CONNECTED” mode. Of course both links can be simultaneously active in that subframe, but it may require more complicated receiver structure according to TX/RX operation pairs. 
Proposal#7: Both eNB-UE and D2D UE-UE link are maintained regardless of D2D transmission or reception.

In half-duplex D2D operation
 [2], it means to be implemented in the way both macro DL band reception and D2D UL band reception does not coincide in a subframe (due to one processing module) (See Figure 4-(A)). Here it implies that simultaneous reception is impossible with this type of UE receiver structure. This time-multiplexed receiver operation may cause a restriction of eNB scheduling or D2D scheduling due to restriction of simultaneous reception. Anyhow this approach can fulfill the condition of “maintaining both links” with the scheduling restriction. 
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Figure 4: Half-duplex receiver vs. full-duplex receiver for D2D UE
However if full-duplex D2D operation
 is supported at the cost of implementation complexity [2], it enable D2D UE to receive both macro DL signal and D2D signal simultaneously (thank to separate RX processing modules)(See Figure 4-(B)). 
Proposal#8: in receiver perspective, either half-duplex or full-duplex operation is determined to facilitate D2D specification efforts. After that, resulting issues is handled in efficient manner.

There is another issue on simultaneous of macro and D2D link in uplink band in Figure 5. That’s the case that UE try to conduct both macro UL transmission and D2D UL band transmission to the peer D2D UEs. Therefore whether it’s possible or not should be discussed first, then if possible, system impact and design should be carefully investigated.
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Figure 5: Simultaneous transmission of macro UL Tx and D2D Tx on UL band

Proposal#9: Both macro UL transmission and D2D UL band transmission to the peer D2D UEs is supported to increase flexibility and resource efficiency.

On the other hand, there might be a feasibility issue to implement both macro uplink transmission and D2D reception on uplink band in a subframe.  Also it was commonly understood in communication area that it is practically impossible for a D2D UE to transmit macro uplink (PUSCH) and receive D2D packet at the same time due to severe self-interference even though resource allocations are not overlapped. However two links use different band/carrier, then it can be done.
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Figure 6: Possibility that Macro UL Tx coincides D2D Rx on UL band (on the same band or different bands)
Proposal#10: Simultaneous Tx/RX operation in a subframe is exclude because of increased complexity.
7. Interference management
Under the scenario where macro and D2D communication coexists in the same frequency band, D2D link and/or macro link will severely interfere with each other without proper interference handling and it is hard to obtain spatial reuse gain by means of D2D. If D2D scheduling is dynamically done based on tight eNB controllability (i.e. eNB PDCCH schedules every D2D TX and TX), interference between D2D link and Uu link could be properly managed or coordinated by virtue of eNB scheduling efforts. 
However D2D communication can be realized in different way such that D2D communication does not rely on eNB scheduling command any more, except for semi-static resource allocation or power control. That is, eNB controllability gets minimized (i.e. loose eNB controllability) in order for D2D UE to autonomously communicate peer D2D UE based on direct link measurements, reporting and link adaptation. 
However since autonomous D2D communication without tight eNB control may cause unexpected interference which is hard to measure correctly. In this case we will not be able to anticipate satisfying interference coordination or management. Hence just viewing from interference coordination angle, tight eNB control will offer potentially better interference coordination, while burden of control overhead should be taken into account in addition to eNB scheduling efforts.
As described before, D2D signal is a new generated source of interference. Therefore a pertinent interference handling is required to
· protect D2D UEs or eNB receiving uplink signal (e.g. FDD)

· UEs receiving downlink signal in downlink subframe (e.g. TDD)

· enable the spatial resource reuse as much as possible
Also if supporting MIMO, further sophisticated handling can be discussed, e.g. interference alignment, advanced receiver and so on. 
In public safety scenario considering both In-NW
coverage case and Out-NW
 coverage case, slightly different interference environment will be formed, e.g. partial coverage network where a part of UEs in D2D is inside cell coverage while the other part of UEs in D2D is outside cell coverage. D2D UEs in network coverage may interfere with UEs in outside network coverage. On the contrary UEs in out-of-coverage may generate a new interference to UEs in network coverage. So this issue should be clearly identified and appropriately resolved because of a negative impact on overall system performance and operation.
[image: image8.wmf]eNB

Interference

D

2

D group

D

2

D pair


Figure 7: Interference handling between (D2D) UEs in cell coverage and D2D UEs in out of cell coverage

Proposal#11: Potential interference scenarios (including the cases mentioned) are thoroughly identified and investigated in SI phase.
8. UE relaying
Relaying functionality is one of key features to be supported in case of D2D in outside network coverage of public safety scenario. Unlike Rel-10 relay, this type of relay could have mobility more than nomadic and could be close to UE (i.e. UE relaying) rather than eNB while it enable information or signal to passe over other D2D UEs. Anyhow this feature is essential functionality to deliver inside UE’s packet/signal to outside UE(s) or take over packet/signal from outside UE(s), i.e. for the coverage extension purpose or for partial network coverage case handling purpose especially in terms of interference management. Considering this purpose, Rel-10 relay which have to have a cell ID and almost eNB functionalities does not seem feasible to D2D UE relaying.
Proposal#12: UE relaying functionality for public safety scenario is carefully investigated and mandatorily introduced at least for public safety service.
9. Groupcast/ multicast/broadcast
At least in public safety scenario, group conversation or group packet exchange will have to be mandatorily served because it is one of the most important features. The group call will be beneficial in most critical user applications e.g. in case of fire incident, building destroy and bombing. 
The group call service (i.e. group cast) can be realized not only mainly based on physical layer functionalities but also based on higher layer protocol simply with physical layer uni-cast functionality. Even though realization of group communication in physical layer perspective doesn’t seem easy, realization in physical layer will consequently offer more reliable and robust group communication service for public safety UE. This group call could be realized by unicast, multicast, groupcast and broadcast. For further study is need about which implementation is the most efficient. However basically, groupcast functionality (esp. in physical layer) is introduced as one of D2D communication features which can be the best candidate of group call service implementation.
According to general understanding, “groupcast” is to support one UE transmits the same or different packets to multiple UEs and receives acknowledgement from multiple UEs, which has not been in LTE/LTE-A system so far. Therefore it seems that a lot of efforts (e.g. on HARQ operation, control channel and so on) should be given to realization of group communication in physical layer. Meanwhile “multicast” transmission is required to know the destination UEs’ IDs before transmission, while “broadcast” transmission is not required to have recipient ID information, i.e. don’t necessarily have to know who receiving UE is.
Other issue is how to synchronize among all the UEs in the recipient UE group. For example, if synchronization for outside network coverage will be done by beacon signal or synchronization signal from randomly selected reference UE, this way could be applied to a certain group UEs’ synchronization without additional efforts. 

Proposal#13: At first, groupcast/multicast/broadcast and their usages are identified and related functionalities are fully studied and evaluated before specification work.
10. Conclusion
Summary of proposals:
Proposal#1: LTE functionalities are reused for D2D communication as much as possible, but newly introduced D2D own issues are carefully investigated in SI phase, considering trade-off between existing functionalities reuse and forward compatibility for “D2D evolution” or “D2D enhancements”  

Proposal#2: Depending on level of proximity, UE synchronization approach should be different. In case of proximity UE nearby, they don’t necessarily have to do synchronization procedure/processing.
Propsoal#3: Synchronization scheme in outside network should have commonality with one in network coverage as much as possible. It is preferred for UE to transmit synchronization or equivalent signal to synch-up among UEs especially in outside network coverage
Proposal#4: Interference management schemes are different depending on eNB controllability. Tight eNB control may offer better IC, but D2D communication flexibility will be restricted. It needs discussion about which approach is better
Proposal#5: eNB controllability provides large impacts on interference measurement results. It needs a kind of trade-off between controllability vs. interference management.
Proposal#6: Uplink band (FDD) or subframe (TDD) is used for D2D communication resources.

Proposal#7: Both eNB-UE and D2D UE-UE link are maintained regardless of D2D transmission or reception.

Proposal#8: in receiver perspective, either half-duplex or full-duplex operation is determined to facilitate D2D specification efforts. After that, resulting issues is handled in efficient manner.

Proposal#9: Both macro UL transmission and D2D UL band transmission to the peer D2D UEs is supported to increase flexibility and resource efficiency.

Proposal#10: Simultaneous Tx/RX operation in a subframe is exclude because of increased complexity.
Proposal#11: Potential interference scenarios (including the cases mentioned) are thoroughly identified and investigated in SI phase.

Proposal#12: UE relaying functionality for public safety scenario is carefully investigated and mandatorily introduced at least for public safety service.

Proposal#13: At first, groupcast/multicast/broadcast and their usages are identified and related functionalities are fully studied and evaluated before specification work.
______________________________________________________________________
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� dUE: D2D UE


� Half-duplex: D2D RX processing is realized by re-using a modified macro DL RX circuit/module [2]


� Full-duplex: D2D RX processing is realized by separate UL RX circuit/module from conventional DL RX circuit/module [2]


� In case of D2D UEs within network coverage


� In case of D2D UEs in out-of-coverage
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