3GPP TSG-RAN1 Meeting #74bis      
                        R1- 134334
Guangzhou, China, 7th -11th October, 2013

----------------------------------------------------------------------------------------------------------
Agenda Item:
7.2.8.1.2
Source:

ETRI

Title:

Channel design and scheduling for out-of-coverage D2D 


communications
Document for:
Discussion and decision 

---------------------------------------------------------------------------------------------------------
1. Introduction
This paper addresses frame structure, channel design, and control mechanism for out-of-coverage D2D communications.
2. Out-of-coverage D2D communication
In the case where there is no network like out-of-coverage, we need to define a pre-defined frame structure and distributed scheduling to ensure reliable public safety (PS) D2D communication [1][2].
Figure 1 shows a pre-defined frame structure consisting of multiple D2D broadcasting channels (D2D-BCHs) and a time-frequency resource for network synchronization management. 
Since we have already documented required signals/channels, and procedures to support network synchronization in the companion paper, R1-134333, what we are going to discuss here is the distributed scheduling to occupy and use D2D-BCH.
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Figure 1. Synchronous multi-channel frame structure for D2D broadcasting.
CSMA is the simplest distributed scheduling. If we simply introduce CSMA into multi-channel frame structure of Figure 1, the procedure for PS D2D broadcasting could be as follows: 
1) A UE wishing to broadcast at [image: image3.png](n+1)th



 frame has to listen to D2D-BCHs at [image: image5.png](n)th



 frame.
2) If non-busy D2D-BCHs are found, the UE randomly selects one of them and will broadcast next frame using it. Random backoff in classical CSMA corresponds to the random D2D-BCH selection among the multiple non-busy D2D-BCHs.
3) Once the UE occupies a certain D2D-BCH, it is reserved for this UE until intentional released. This can be classified as a kind of PRMA and is useful for PTT voice application requiring semi-static scheduling.
However, as the number of UEs increases, the possibility of contending situation, where multiple UEs try to seize the same D2D-BCH, also increases. This is the main reason of throughput degradation.
In order to alleviate this contention problem we need to define following two channels as in Figure 2.
· D2D-BCH reservation indication (D2D-BRI) channel
· ECHO channel
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Figure 2. Synchronous multi-channel frame structure with contention resolution.
Before discussing usage of these channels, we need to define a set of orthogonal signatures. The number of signatures is the multiple times the number of D2D-BCHs ([image: image8.png]


 where [image: image10.png]


 is the number of signatures, [image: image12.png]


 is an integer, [image: image14.png]


 is the number of D2D-BCHs). 
Therefore, the signatures set can be represented by [image: image16.png]


. 
There is a mapping between a specific D2D-BCH and some signatures. Let the signature set associated with D2D-BCH[image: image18.png]


 be [image: image20.png]


. Then, any other signatures in [image: image22.png]


 are not related to D2D-BCH[image: image24.png]


.
Summary of D2D-BCH reservation procedure to alleviate contending:
1) A UE wishing to broadcast at [image: image26.png](n+1)th



 frame has to listen to D2D-BCHs at [image: image28.png](n)th



 frame.
2) If some D2D-BCHs are found non-busy, the UE randomly selects one of them.
3) A UE (say UE1) wishing to reserve D2D-BCH[image: image30.png]


 has to indicate its desire by transmitting a randomly selected signature from the set,[image: image32.png]


, using D2D-BRI.
4) After detecting signatures carried by D2D-BRI, other receiving UEs have to echo all the detected signatures related to the contending situations using ECHO channel.
5) If UE1 detects multiple signatures related to D2D-BCH[image: image34.png]


 from the ECHO channel, it knows there will be a contending on the D2D-BCH[image: image36.png]


 in the next frame. Then there will be two options: to transmit or give up broadcasting. We need a rule regarding which option to take. (Example rule: If UE1 has transmitted signature [image: image38.png]Cri € Sk



 but detected multiple signatures related to D2D-BCH[image: image40.png]


 (say [image: image42.png](Cii Ciej G} Sic



) and [image: image44.png]1>l



, then it transmits. Otherwise UE1 gives up.
6) Once UE1 occupies D2D-BCH[image: image46.png]


, it is reserved for UE1 until intentional released by itself.
Figure 3 shows the performance comparisons between conventional (CSMA) and proposed mechanism with D2D-BRI/ECHO. In terms of throughput and outage probability the proposed scheme gives better performance.
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Figure 3. Performance comparison between two distributed scheduling methods.
Proposal 1: Define pre-defined frame structure for out-of-coverage D2D broadcasting.
Proposal 2: Define multiple D2D broadcasting channels in the frame.
Proposal 3: Define channels in the frame in order to alleviate contending problem.
Proposal 4: Define distributed scheduling for out-of-coverage D2D broadcasting.
Proposal 5: Define channels and resource in the frame for synchronization management.
3. Priority handling
There will be a case where a UE having an emergency call cannot find non-busy D2D-BCHs. In this case, the UE can either try to pre-emptively seize the future non-busy D2D-BCH or issue yield request regarding the ongoing occupied D2D-BCH by transmitting signature [image: image50.png]


 using PRE-EMPTION channel in Figure 4 to possess D2D-BCH [image: image52.png]#k



. To support this operation, we need to allocate time-frequency resource for PRE-EMPTION as in Figure 4. Multiple signatures from multiple UEs can be CDM’d on the PRE-EMPTION region. 
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Figure 4. Synchronous multi-channel frame structure with pre-emptive channel.
Proposal 6: Define channels for priority call handling.
4. Conclusions
Based on the observations discussed in this contribution, we propose:
· Proposal 1: Define pre-defined frame structure for out-of-coverage D2D broadcasting.
· Proposal 2: Define multiple D2D broadcasting channels in the frame.
· Proposal 3: Define channels in the frame in order to alleviate contending problem.
· Proposal 4: Define distributed scheduling for out-of-coverage D2D broadcasting.
· Proposal 5: Define channels and resource in the frame for synchronization management.
· Proposal 6: Define channels to for priority call handling.
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Abbreviations
BCH

Broadcast Channel
CDM

Code Division Multiplexing
CSMA

Carrier Sense Multiple Access
D2D

Device-to-Device
PRMA

Packet Reservation Multiple Access
PS

Public Safety
PTT

Push-to-Talk
UE

User Equipment
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