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1. Introduction
In the RAN1#76 meeting, resource allocation for D2D Broadcast Communication was discussed. Two modes for D2D communications are defined, where the difference lies in which entity (eNB or transmitting UE) determines the resources for direct data and direct control transmission. 
Agreements:
· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage

In this contribution we provide our views on operation of Mode 1 and Mode 2, including their applicability to different scenarios and their resource pool configurations.
2. Discussion and analysis
2.1. Mode 2 for in-network UEs 
A transmitting UE needs to be within the coverage of an eNB to operate in Mode 1, where the eNB determines the resources for its direct data and control information transmission. In comparison, a transmitting UE in Mode 2 selects its own resources from a resource pool and operates independent of an eNB. This makes Mode 2 the only mode of operation for out-of -coverage and edge-of-coverage UEs. Compared with Mode 1, Mode 2 also has less signaling overhead for it saves the communications between the UE and its eNB. This is attractive even for an in network coverage UE, when the size of the data payload is too small to justify the signaling overhead with eNB. It is therefore beneficial for a UE within network coverage to be able to transmit with either Mode 1 or Mode 2, possibly subject to configuration of eNB. We hence propose the following:
Proposal 1: Mode 2 can operate in-coverage, edge-of-coverage and out-of-coverage.

2.2. Resource pool for D2D broadcast data 

It has been agreed in the RAN1#76 meeting that a D2D broadcasting UE transmits Scheduling Assignment (SA) to indicate the location of the resources to the receiving UEs. A D2D UE needs to monitor any incoming SAs in order to receive D2D broadcast packets. This is applied to receiver UEs of both Mode 1 and Mode 2 transmissions. It should be pointed out that in the current agreements, Mode 1 and 2 are distinguished on the transmitter side and not the receiver side.  For a receiving UE, it only needs to follow the SA direction without the knowledge of how the data resources indicated in SA are determined. Therefore we make the following observation:

Observation 1: D2D communication Mode 1 and 2 are different only on the transmitter side. They are indistinguishable for a UE receiver. 

With the help of SA, a receiving UE simply follows the direction of the SA and there is no need to monitor other resources for incoming D2D data. Therefore there is no need to define a D2D data only RX resource pool. Only resource pools for D2D data transmission only transmission needs to be defined. Hence the following proposal: 

Proposal 2: The only resource pool needs explicit definition for D2D data only transmission is TX resource pool. There is no need to define D2D data only RX resource pool for the receivers.
Considering the resourced used in Mode 1 and Mode 2 are determined by eNB and UE respectively, their resource pools can be configured differently to reduce the interference. Proposal 3 is on D2D data only TX resource pools for these 2 modes:
Proposal 3: Different D2D data only TX resource pools can be configured for Mode 1 and Mode 2 UEs.

For all the UEs selecting resource from the same resource pool, it is better to keep some orthogonality between transmitting UEs. Hence a resource pool could be divided into resource units. This is more preferable for Mode 2. The following considerations need to be taken into account when designing resource pool structure and resource unit patterns:
· In-band-emission can cause significant interference when multiplexing resource unit in the frequency domain. Both WAN traffic and D2D ProSe may suffer. Pure FDM between resource units in a resource pool should be avoided. Pure FDM also cause problem due to the half-duplex operation of D2D UEs.
· Pure TDM of resource usage limits the transmission range.
· Some frequency domain diversity can improve the performance among all the receiving UEs in a broadcast communication session. 
We also perform some simulation results, which are presented in Appendix. It is obvious the TDM+FDM resource pool structure outperforms pure FDM option in all the scenarios. As a consequence, we propose to employ TDM+FDM structure for resource pool and resource unit design.
Proposal 4: Resource pool design should take into consideration of in-band-emission, time/frequency diversity and half-duplex limitation.
Proposal 5: TDM+FDM structure should be employed for resource pool and resource unit design.
The impact of D2D on cellular traffic, spectrum and on the QoS of other services from the same operator should be studied and minimized [RP-140518]. Especially for Mode 2, eNB scheduler may avoid scheduling cellular UL traffic in the D2D resource pool. If a resource pool occupies contiguous resource in the frequency domain, it will weaken the network scheduling flexibility and degrades the UL traffic. Frequency selectivity cannot be guaranteed for some UEs. On the other hand, distributed resource pool would alleviate this “blocking” effect. Even we could foresee some latency (which depends on resource pool period length and resource unit patterns), WAN frequency selective scheduling will not be impact so much.
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Figure1. Sample resource allocation for D2D broadcast.
Several examples of resource pool and resource unit configuration are shown in the Figure1. Considering the limited signaling overhead, even though limited number of resource unit patterns could be used, it should be able to minimize the potential interference caused by in-band-emission, efficiency loss due to half-duplex D2D operation and negative impact to WAN scheduling.

Proposal 6: Resource pool design should avoid occupying contiguous resource in the frequency domain.
The CP length can be configured as part of the resource/resource pool configuration. As an working assumption, either normal CP or extended CP may be used for D2D communication and discovery. Different CP lengths in the same subframe cause ICI between different PRBs. 
Such interference may cause more damage to some D2D receivers with very low SINR. Hence D2D UEs within same resource pool should use same CP length, which should be indicated together with resource pool configuration.
Proposal 7: Same CP length should be employed by D2D UEs transmitting on resources from the same resource pool.
3. Conclusion

We discussed operations of Mode 1 and Mode 2 for D2D broadcast communication, and the requirement for resource pools and configurations. The following proposals have been made: 
Proposal 1: Mode 2 can operate in-coverage, edge-of-coverage and out-of-coverage.

Proposal 2: The only resource pool for D2D data is TX resource pool for Mode 2. There is no need to define a D2D TX data resource pool for Mode 1, nor D2D data RX resource pool.

Proposal 3: Different D2D data only TX resource pools can be configured for Mode 1 and Mode 2 UEs.

Proposal 4: Resource pool design should take into consideration of in-band-emission, time/frequency diversity and half-duplex limitation.
Proposal 5: TDM+FDM structure should be employed for resource pool and resource unit design.
Proposal 6: Resource pool design should avoid occupying contiguous resource in the frequency domain.

Proposal 7: Same CP length should be employed by D2D UEs transmitting on resources from the same resource pool.
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5. Appendix

In this section, we show system level simulation results based on the evaluation methodology agreed in RAN1#74. The minimum association RSRP for D2D communication is -112dBm and the transmission power is 23dBm. Only VoIP traffic is evaluated and blind retransmission is used. Other simulation assumptions are provided in Table3.
We compare two resource pool allocation schemes, i.e. pure FDM and FDM+TDM under the condition that limited resource is used. For the convenience of description, we define a RU (resource unit) as 2PRBs. For the sake of simulation simplicity, we use 5 RUs to evaluate the performance. In pure FDM method, all the 5 RUs in one resource pool are within the same subframe. In FDM+TDM method, 5 RUs in the resource pool spread in 5 TTIs in time domain and is also distributed in frequency domain. Considering 4 total transmissions, totally 20 RUs are used in the evaluation. Three scenarios are simulated and the results are shown in table 1.

Table 1 Performance of D2D communication with limited resource (VoIP)
	
	Indoor-Outdoor mix
	Hotspot
	Uniform

	
	FDM
	FDM+TDM
	FDM
	FDM+TDM
	FDM
	FDM+TDM

	Ratio of successful transmissions
	80.19%
	82.82%
	41.79%
	49%
	40.71%
	45.76%

	Number of successful transmissions
	10.42
	10.77
	32.02
	42.87
	34.98
	39.32


From this table, we can see that in all scenarios FDM+TDM method outperform the pure TDM method. Specifically, the fraction of successful links of FDM+TDM is 2.63% higher than that of pure FDM in indoor-outdoor mix scenario, 7.11% higher in hotspot scenario and 5.05% higher in uniform scenario. 
We also present a general simulation results as most companies shown in [5] are provided in table 2. The results are obtained on the assumptions that all PUSCH resource can be used for D2D communication. As can be seen from this table, the fraction of successful links is highest in indoor-outdoor scenario, which is 91%, the number is 77% in hotspot scenario while the number is 82% in uniform scenario. 
Table 2 D2D communication performance (VoIP)

	
	IN-OUT
	Hotspot
	Uniform

	Ratio of successful transmissions
	0.91
	0.77
	0.82

	Number of successful transmissions
	11.81
	67.73
	70.6


Table 3 Simulation parameters

	Parameters
	Value

	Scenario
	PS scenario

	Layout
	Option 5

	Carrier frequency
	700 MHz

	System BW
	10MHz for FDD

	Network operation
	No eNBs enabled

	UE mobility (only for channel models)
	60kmph

	Network deployment
	21 cells (7 sites, 3 sector/site), wrap around

	UE RF parameters
	TX power: 23dBm

1 TX, 2 RX antennas, antenna gain 0dBi, noise figure 9dB

	UE dropping for all UE
	Layout option 5 with three scenarios
1/ Uniform 

2/ hotspot 

3/ outdoor indoor mix 



	Resource Unit size (PRBs)
	2.0

	Packet size (bits)
	328.0

	Modulation
	QPSK

	Coding
	Turbo

	Number of symbols/Transmissions
	14.0

	Number of reference symbols
	2.0

	Num HARQ transmissions
	4.0

	Number of TX/cell
	3.0

	IBE model
	{3,6,3,3}

	RSRP threshold
	-112.0
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