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1 Introduction

Concerning the Study on LTE Device to Device Proximity Services, the following has been recommended from RAN [1]:
· The highest priority in RAN1#74 will be given to D2D Communication

· Focus on broadcast D2D communication for the public safety use case, on the understanding that that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication

This contribution aims to provide some general principles that can be used for broadcast D2D communications for public safety. It primarily focuses on the out-of-network scenario but also gives some indications on how the proposed principles can be re-used for partial-coverage or in-coverage scenarios.

2 Discussion
2.1 Uplink resources
Based on the Tdocs presented at the RAN1 meeting #73 on D2D Discovery (agenda item 6.2.7.3), the following conclusion was captured in [2]:

· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

The rationales driving to these conclusions (impact on UE implementation, interference with WAN users…) are also applicable for D2D communication and it is proposed to extend the same principles to D2D communications.

Proposal: D2D communications operate in UL spectrum in case of FDD and D2D transmission/reception does not use full duplex on a given carrier.
2.2 Modulation for D2D communication
For Public safety, the coverage of D2D communication is very important especially for partial network and out-of-coverage scenarios in broadcast mode. Since it is assumed that the UE broadcasting the information does not receive any feedback (ACK/NACK, measurements…) from the other D2D UEs listening, the maximum path loss supported by the D2D link has a direct impact on the reliability of the communications between public safety users in direct mode. This path loss should be optimized for voice communication.
Observation: Path loss supported by the D2D communication is a key parameter for reliability of public safety services.

To maximize the path loss supported by the D2D communication both aspects shall be jointly considered:

· the transmission power of the D2D UE transmitting the broadcast signal

· the demodulation performances of the D2D UE(s) receiving the signal form the broadcasting D2D UE

There were many Tdocs presented in 2009 (especially during RAN1 meetings #55 and #55bis) comparing performances and complexity of SC-FDMA and OFDMA links. There were divergent conclusions on the benefits of one modulation scheme compared to the other (see section 12.1 of [3]). 
Considering:
· the D2D UE transmitter impacts

· Supporting OFDMA does not increase baseband transmitter complexity (DFT needs to be bypassed but no additional blocks are needed)

· Bypassing the DFT gives more flexibility on the allocation (the 2.3.5 rule is not required)

· The D2D transmission is likely to use a reduced number of PRBs and that those PRBs can be chosen to be contiguous for a given TTI. This should keep the backoff value on the power amplifier relatively low
· the D2D UE receiver impacts

· Receiving OFDMA signal from other D2D UEs does not require any change in the baseband receiver (same type of signal currently received from the eNodeB)

· RF receivers shall receive signals in the uplink band. Compared to an existing UE, a frequency translation is needed but the structure of the RF receiver is similar to the current one.

it is then proposed to use OFDMA as the modulation for D2D communication with contiguous PRBs allocation (per TTI).

Proposal: The modulation for D2D communications is OFDMA (same as the modulation of the signal transmitted by eNodeB), with the restriction that only contiguous PRBs allocation is supported.

2.3 Principles of D2D communication

2.3.1 General description

2.3.1.1 Synchronization

The typical usage of a group voice service is described in [4]: "A group voice service comprises several talk spurs with an average duration of 5 seconds and an average number of talk spurs in a call equal to three".
Based on the above, , it is proposed that the D2D UE initiating the broadcast communication:

· starts transmitting a periodic signal with good correlation property in time and frequency domain (e.g. Zadoff-Chu sequences such as PSS/SSS) with (or prior to) the transmission of its own data. This periodic signal is used by the D2D users to retrieve the synchronization

· maintains the transmission of this synchronization signal during the duration of all consecutive talk spurs transmitted by the initial UE or by other D2D users (~15-20s duration typically)
· starts the transmission of the synchronization signal with a lower periodicity:

· This reduce the power consumption of the UE having initiated the conversation

·  D2D UEs are kept synchronized

· In case another UE need to initiate a new conversation, it can start transmitting its synchronization signal in an occurrence where the initial UE does not transmit. The new UE can then be detected by all D2D UEs.

Proposal: The D2D UE initiating the conversation is the synchronization reference for other D2D UEs until a new conversation starts after a period of inactivity.

2.3.1.2 Control and traffic channels for D2D communications

In order to re-use most of the already defined mechanisms of the LTE standards and given the fact that it is assumed above that the D2D UE does not support transmit and receive at the same time, the UE initiating the communication may acts as a temporary TDD eNodeB operating in the uplink band. This temporary TDD eNodeB would then re-use existing downlink channels
With such approach, the following channels and principles can be re-used with a minimum standardization effort:

· broadcast through MBSFN frames (with the restriction that flexible number of PRBs may be needed)

· (E-)PDCCH carrying DCI describing MCS for unicast or groupcast communications and PDSCH
· HARQ mechanism (at least for unicast communications)

· …

Observation: An approach where one of the D2D UE acts as a temporary TDD eNodeB and other D2D UEs act as regular UEs (listening MBSFN in broadcast or attached to this eNodeB in uni/groupcast) allows to re-use many existing mechanisms and should reduce standardization efforts.
Proposal: D2D communications re-use most of the principles and format from downlink channels ((E-)DPCCH/DPSCH/PMCH…).
The proposal is depicted in the embedded Powerpoint document below:


[image: image1.emf]C:\Documents and  Settings\geer100\My Documents\Powerpoint\D2DasTDDBS.ppt


The slide 1 described how Mike's UE starts acting as a TDD eNodeB after initiating the communication. Some frames carrying only synchronization and system information may need to be transmitted to ensure all D2D UEs detect the signal: they are not shown on the slide.
Acting as an eNodeB, it shall be noted that information sent by other D2D UEs need the be re-transmitted in broadcast mode by the UE acting as an eNodeB in order to make the information available for all D2D users. This mechanism can be used as an acknowledgement for the sender (Greg in these slides). This is also a way to detect a collision occurred in case several users tried to use the uplink broadcast resources allocated by Mike.

The slide 2 shows how Mike's UE behave after the 30~40 seconds of message exchange between D2D users: after a timeout of few seconds of inactivity, it continues transmitting the synchronization and system information with a lower periodicity:

· this reduces the power consumption of Mike's UE

· this allows other D2D UE to keep the synchronization

The slide 3 depicts how a D2D UE initiates a new communication (and then starts acting as a TDD eNodeB): it starts transmitting the synchronization signal in a sub-frame where Mike does not transmit any signal:
· Mike's UE detects the synchronization signal transmitted by Greg and stops acting an eNodeB

· Synchronization and frame structure is kept for all D2D UEs, reducing the need to all listening UEs to search over a large time window

2.3.2 Applicability to other scenario

Although the principles described in the above section were mainly derived from the direct mode used by current public safety system (voice communication on frequencies dedicated to direct mode, which is similar to the out-of-coverage scenario), they could be re-used in other situations.
2.3.2.1 Partial-coverage scenario

In partial-coverage scenario, the D2D UE in-coverage in charge of relaying the information for the D2D UEs out of the coverage would quite naturally act as the temporary TDD eNodeB as described above. Compared to the above description:

· the UE shall have two receivers, one for downlink (receiving from the "donor eNodeB"), one for uplink (receiving from out-of-coverage D2D UEs). This requirement may however be applicable for all D2D UEs to meet dual-watch requirement.

· The donor eNodeB shall reserved some contiguous RBs in the uplink band for the D2D communications

· The donor eNodeB shall reserve some uplink sub-frames for the communication between "relay UE" (the D2D UE acting as a temporary TDD eNodeB) and D2D UEs out-of-coverage and transmission of the synchronization signals.
2.3.2.2 In-coverage scenario

Since the principles described in the above section 2.3 allow a quasi-synchronous type of operation, they should be also transposable in the case of the in-coverage scenario, where synchronization is strongly required to keep resources orthogonal:
· Re-using downlink structure (based on (E-)PDCCH/PDSCH) keep the D2D complexity low
· Transmission of synchronization signals (as described in section 2.3.1.1) may be not required

Observation: D2D communication re-using downlink modulation and downlink channels can also be used for partial-coverage and in-coverage scenarios

3 Conclusion

In this paper, some general principles that can be used for broadcast D2D communications for public safety were presented.

The following is proposed and observed:

Proposals:
· D D2D communications operate in UL spectrum in case of FDD and D2D transmission/reception does not use full duplex on a given carrier
· The modulation for D2D communications is OFDMA (same as the modulation of the signal transmitted by eNodeB), with the restriction that only contiguous PRB allocation is supported.

· The D2D UE initiating the conversation is the synchronization reference for other D2D UEs until a new conversation stars after a period of inactivity.

· D2D communications re-use the principles and format from downlink channels ((E-)DPCCH/DPSCH/PMCH…).

Observations:

· Path loss supported by the D2D communication is a key parameter for reliability of public safety services.

· An approach where one of the D2D UE acts as a temporary TDD eNodeB and other D2D UEs act as regular UEs (listening MBSFN in broadcast or attached to this eNodeB in uni/groupcast) allows to re-use many existing mechanisms and should reduce standardization efforts.

· D2D communication re-using downlink modulation and downlink channels can also be used for partial- coverage and in-coverage scenarios

4 References

[1]
R1-132862
Selected highlights from RAN#60 of relevance to RAN1 (RAN1 chairman)

[2]
Chairman's Notes RAN1#73 (RAN1 chairman)

[3]
Final Report of 3GPP TSG RAN WG1 #55bis v3.0.0 (MCC support)[4]
S2-130834
Information-theory analysis of the Application vs. 3GPP functional split for group communications (EADS)[image: image2.jpg]Y




- 1 -
- 2 -

_1434475819.ppt






D

D

D

U

U

U

« From Mike to Greg »

Mike

John

Phil

Greg

D

D

D

U

U

U

D

D

D

U

U

U

« From Greg to Mike, listening »

D

D

D

U

U

U

« From Greg to Mike, listening »

« When at poistion, start video »

1

2

3

time

1

2

3

Mike initiates the communication: his UE acts as a TDD BS, sending sync signals, system information, DL/UL allocations... For broadcast, MBSFN structure can be re-used. Other PS UEs act as regular TDD UE: when synchronized, they receive broadcast frames from Mike. They may also monitor PDCCH in downlink sub-frames to get UL allocation and for unicast or groupcast communications.

Acting as a BS, Mike’s UE also allocate an uplink sub-frame that any UE may use (broadcast). In the uplink sub-frame, Greg sends the answer: only Mike monitors the UL sub-frames and receives the information.

Mike broadcasts the information received from Greg so that it is available to all the members of the group.
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After a period of inactivity (~few seconds), the UE acting as a BS (Mike) starts “a sparse synchronization mode”: synchronization signals (PSS, SSS like signals) are sent one frame over x. In frames where the sync signals are not sent, Mike monitors some potential sync signals transmitted by other UEs of the group

D2D UEs acting as regular TDD UEs (John, Phil, Greg) continue to monitor every possible occurrence of the synchronization signals.
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Greg’s UE starts transmitting synchronization in a frame where Mike’s UE does not transmit: Since Mike’s UE monitors the sub-frame where it does not transmit PSS/SSS like signals, it detects the transmission from Greg:

Mike’s UE stops to act as a eNodeB and becomes a regular UE

Greg’s UE is now acting as a TDD eNodeB, transmitting synchronization signals
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Greg transmits video signals, using for instance MBSFN sub-frames that are received by all UEs
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