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1 Introduction

According to the RAN1 #76 Agenda, this contribution addresses some issues regarding D2D physical data channels.

2 Required channels for D2D communication

In this section, taking the following factors into account, we want to define data and control channels for D2D communication.

· D2D communication has three scenarios: in, partial, and out-of-coverage.
· The PC5 interface, which RAN1 is currently studying, including mechanisms for two ProSe UEs to communicate via a physical layer broadcast mechanism should be used for the above three scenarios with the greatest commonality as much as possible.
· Resource allocation for D2D communication
· In-coverage: When a UE is served by the E-UTRA network, the network will perform radio resource allocation for Proximity Services by the cellular E-UTRA network the UE is attached to. Dissemination of radio resource allocations and updates needs to be performed with a period of the order of seconds to meet the performance expectations of public safety users given typical rates of arrival by users at an accidents [1].
· Out-of-coverage: 10 MHz dedicated spectrum assumed [2].

There are two basic approaches for scheduling: centralised and distributed. The type and multiplexing of required channels supporting D2D communications may depend on scheduling approach.

First, we want to define channels for D2D communications.
· PD2DBCH	Physical D2D Broadcasting Channel	(structure: PUSCH reuse)
· PD2DCCH	Physical D2D Control Channel		(structure: FFS)
· D2DCS		D2D Communication Signal		(structure: FFS)

Next, we want to discuss required channels and its multiplexing with respect to the scheduling approach.

2.1 Centralised approach

Regardless of the scenarios, whether dedicated spectrum or dissemination of radio resource allocation is assumed, a centralised node (or a cluster head) will transmit PD2DCCH containing such information as link adaptation, scheduling for D2D broadcasting, etc. Therefore, following channels should be defined on the allocated time-frequency resource.

· PD2DBCHs: transmitted by UEs
· PD2DCCH: transmitted by CH

2.2 Distributed approach

In this flat approach, there is no hierarchy. Scheduling is performed autonomously. There is no need to define PD2DCCH. However, some control information can be conveyed on the PD2DBCH with piggy-backed manner. 

Also, some communication signals to resolve collision problem and support priority control may be required. Therefore, following channels should be defined on the allocated D2D time-frequency resource, whether it’s dedicated or disseminated by the network.

· PD2DBCHs: transmitted by UEs to convey user data and/or control information
· D2DCSs: transmitted by UEs to resolve collision problem and support priority control.

Proposal 1: We propose distributed scheduling at least in out-of-coverage scenario.
Proposal 2: We propose following terminologies regarding D2D communication.
· PD2DBCH	(Physical D2D Broadcasting Channel)
· PD2DCCH	(Physical D2D Control Channel)
· D2DCS		(D2D Communication Signal)

3 Signals to assist distributed scheduling

In this section, we want to discuss signals (D2DCS) to resolve collision problem and support priority control.

Figure 1 shows a possible D2D frame partitioned into two regions: one for D2D broadcasting and the other for synchronisation management. PD2DBCHs and D2DCS will occupy D2D broadcasting region and PD2DSS, SD2DSS, and/or PD2DSCH will be multiplexed into the synchronization management region. 



Figure 1: Resource allocation for D2D broadcasting (16 PD2DBCHs just for illustration).

The simplest way of occupying available PD2DBCH is to use CSMA with the following procedure.
1) A UE wishing to broadcast  frame has to listen to PD2DBCHs at  frame.
2) If non-busy PD2DBCHs are found, the UE randomly selects one of them and will broadcast next frame using it. Random backoff in single-channel CSMA corresponds to this random selection from multiple non-busy PD2DBCHs.
3) Once the UE occupies a certain PD2DBCH, it is reserved for this UE until intentionally released because it is sensed as non-busy by other UEs while transmitting. This is useful for VoIP application requiring sticky scheduling.

However, as the number of UEs increases, the possibility of contending situation, where multiple UEs try to seize the same PD2DBCH, also increases and thus, results in performance degradation. With further contention resolution using D2DCS, this problem can be alleviated.

First, we need to define a set of orthogonal signatures transmitted via D2DCS resource. The number of signatures is the multiple times the number of PD2DBCHs ( where  is the number of signatures,  is an integer,  is the number of PD2DBCHs). 

Therefore, the signature set can be represented by
. 

Also, there is a mapping between a specific PD2DBCH and some signatures in . Let the signature set associated with PD2DBCH be . Then, any other signatures in  are not related to PD2DBCH.

These signatures can be transmitted to reduce collision probability or for priority control. Occupying available PD2DBCH using CSMA with further collision resolution can be summarized as follows:

1) A UE wishing to broadcast at  frame has to listen to PD2DBCHs at  frame.
2) If some PD2DBCHs are found non-busy, the UE randomly selects one of them.
3) A UE (say UE1) wishing to reserve PD2DBCH has to indicate its desire by transmitting a randomly selected signature from the set,, using reservation indication region as in Figure 1.
4) If other UEs detect collision by listening to reservation indication regions, which means detecting multiple signatures regarding individual PD2DBCH, they have to transmit all the detected signatures related to the contending situations using the collision indication region as in Figure 1.
5) If UE1 detects multiple signatures related to PD2DBCH from the collision indication region, it knows there will be a contending on the PD2DBCH in the next frame. Then there will be two options: to broadcast or give up. We need a rule regarding which option to take. As an example rule, if UE1 has transmitted signature  but detected multiple signatures related to PD2DBCH () and , then it broadcasts, otherwise gives up.
6) Once UE1 occupies PD2DBCH, it is reserved for UE1 until intentionally released because it is sensed as non-busy by other UEs while transmitting.

There will be a case where a UE having an emergency call cannot find non-busy PD2DBCHs. In this case, the UE can either try to pre-emptively seize the future non-busy PD2DBCH or issue “yield request of an ongoing occupied PD2DBCH” by transmitting pre-defined signature via reservation indication region. One of the signature in set  (say ) can be used to pre-emptively seize or for the yield request of ongoing occupied PD2DBCH #k. 

As shown in the Appendix, further contention resolution with D2DCS results in better performance compared to the CSMA in terms of coverage and probability of successful PD2DBCH decoding.

Observation 1: In distributed scheduling approach, we need further contention resolution mechanism on top of the CSMA.
Observation 2: In distributed scheduling approach, we need priority-handling mechanism to process emergency call.

4 Conclusions

Based on the above discussions, we propose:

Proposal 1: We propose distributed scheduling at least in out-of-coverage scenario.
Proposal 2: We propose following terminologies regarding D2D communication.
· PD2DBCH	(Physical D2D Broadcasting Channel)
· PD2DCCH	(Physical D2D Control Channel)
· D2DCS		(D2D Communication Signal)
Observation 1: In distributed control, we need further contention resolution mechanism on top of the CSMA.
Observation 2: In distributed control, we need priority-handling mechanism to process emergency call.
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Appendix

We compare performance between CSMA w/ Further Contention Resolution using D2DCS and conventional CSMA. Probability of successful PD2DBCH decoding is evaluated with respect to the coverage (TX-RX distance). Decoding is performed on all the RX UEs with RSRP greater than -112 dBm. According to Figure 2, as the distance increases, probability of successful PD2DBCH decoding decreases due to the increase of interference from other TX UEs.

Simulation conditions
	Parameter
	Value

	Layout options
	Option 3, 5 (all UEs assumed to be in outdoor)

	UE drop
	Uniform drop: all UEs are randomly and uniformly dropped throughout the macro geographical area

	Minimum distance between UEs
	3m

	Number of TXs
	3, 5 per sector

	Number of Resource
	16 PD2DBCHs per frame
One PD2DBCH = 2RB * 1 subframe

	Carrier frequency
	700 MHz

	UE mobility
	3 km/h

	TX power
	Max power: 31 dBm

	Antenna gain 
	0 dBi antenna gain

	Noise figure
	9 dB noise figure

	Closed loop physical layer feedback
	None

	Wraparound
	7 sites with 3 cells each

	MCS
	Fixed: QPSK, Turbo Code

	HARQ
	None

	Traffic model
	VOIP packet generated per 20 ms [5]

	Pathloss
	[6]

	Fast fading
	[6]

	In-band emission
	Not Considered

	Cardinality of 
	64 (4 signatures per PD2DBCH)

	Method for scheduling and resource allocation
	CSMA vs. CSMA w/ Further Collision Resolution
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Figure 2: Probability of successful PD2DBCH decodings w.r.t. TX-RX distance.
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