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Introduction
[bookmark: _GoBack]In the previous several meetings, resource allocation methods for D2D Broadcast Communication were discussed. The following conclusions were reached at previous meeting [2]:
Agreements:
· For Mode 1 transmission,
· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH
· FFS: Linkage between SA and Data
· FFS: Separate grant for Data
· Single grant can schedule multiple Data transmission opportunities
· The multiple opportunities can be used for the multiple transmissions of a single TB
· The multiple opportunities can be used for the transmissions of multiple TBs
· FFS: Which entity decides how each transmission opportunity is used
· FFS: Single grant can schedule single SA transmission
· Single grant can schedule multiple SA transmissions
· FFS: Whether the multiple SA transmissions are of the same SA or different SA
· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a  D2D grant
· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH

Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined
· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1
· RPT is either implicitly or explicitly signaled in SA
· If multiple transmission opportunities of the same SA are supported
· FFS whether one or more RPT are defined for (re)-transmissions of SAs

Agreements:
· Semi-static pool(s) of resources can be allocated for SA
· eNodeB may broadcast the information about the SA resource pool using SIB for D2D UE
· Transmission pool for Mode 2 
· Reception pool(s) for Mode 1 and Mode 2 
· UE is not required to decode neighboring cell SIB
Agreements:
· Mode-1 is specified for PS
· Mode-2 is specified for PS
· Which mode(s) UE supports will be discussed separately in Rel-12 UE capability discussion

We also had the following observations [2]:

Observation: 
Companies are encouraged to consider possible options (including implementation-based mechanisms) for WAN protection in case D2D and WAN resources are FDMed from system perspective.
Some possible options include: 
· Option 1) Power control for D2D signal transmission
· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2.
· Note 2:  Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported by in-coverage UEs) and discovery Type 1.
· Note 3:  Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.
· Option 2) RSRP measurement based resource selection restriction
· Option 3) Guard band between WAN and D2D resources 
· Option 4) power boosting of WAN transmission 
· Others including combination between options are not precluded.


In this contribution, we provide our views on D2D radio resource management.

Discussion and analysis
Resource allocation for D2D broadcast communication is now categorized as contention-based (Mode 2 communication) and contention free (Mode 1 communication) solutions.
Mode 2 Communication
Due to the lack of feedback at the physical layer, it is important to take advantage of channel measurement from the D2D transmitter side. Carrier sensing scheme such as CSMA can offer higher performance than blind contention schemes. A measurement-based resource allocation scheme may work as follows: Each D2D broadcaster could be configured with a resource pool consisting of several resource units, which could be preconfigured or indicated by PRB and subframe indices. Before starting to send voice or date packet, it conducts interference measurement to obtain a rough channel condition of each resource unit. Priority can be given to PRB groups with better channel conditions. Besides, a long term measurement report could also assist the eNB to (re)configure the resource pool size and location from the perspective of system capacity and stability.

Mode 1 Communication
Even for Mode 1 communication in which case the resource is scheduled by eNB, D2D RRM measurement may provide useful information to the eNB for making better resource allocations. Mode 1 D2D broadcast transmission may suffer interference from other D2D transmissions and UL WAN transmissions, either in the same resources or through in-band-emission. These interference can only be measured by D2D UEs. As the D2D receivers are oblivious of the future D2D transmission, the interference measurements and reporting can be done by Mode 1 transmitting UEs. When Mode 1 UEs conduct RRM measurements in different resources, and report these RRM outcomes in different RPTs to the eNB, eNB obtains a better picture of the interference experienced by these UEs and is able to assign a RPT(s) with low interference to a Mode 1 UE. 

Mode 2 Communications
Mode 2 UEs select their own transmission resources (RPTs) without consulting to any other entities. It can conduct RRM measurements in different RPTs where the RPT patterns are configured for a Mode 2 UE, and select a RPT with low interference based on the RRM results. The benefit of using RRM measurement has been reported in previous meetings.

Observation 1: Both Mode 1 and Mode 2 communications may benefit from D2D RRM measurement.

Simulation Results
It is important to define the types of prior RRM measurements used to assist resource selection. To verify the performance of measurement assisted resource allocation scheme, we present some corresponding evaluation results below.
Resource units are divided in both time domain and frequency domain. The in-band-emission modeling follows assumptions in [1]. The UE dropping and pairing methodology follows the agreed procedures. To simplify the system level simulation, we assume perfect synchronization for all transmissions and detections. Other detailed simulation assumptions could be found in the appendix.
Contention-based resource allocation schemes with and without interference measurement assistance are simulated in the following 2 schemes:
· Scheme 1: Contention-based resource allocation without interference measurement assistance. A D2D transmitter randomly selects a resource unit from its configured resource pool for transmission.
· Scheme 2: Contention-based resource allocation with interference measurement assistance. Measurements apply for each time-frequency resource unit, which is conducted and used by transmitters to select best resource unit in terms of total interference.
Table 1 Performance comparison of different resource allocation type
	UE pairing threshold
	-112dBm
	-107dBm

	Metric
	Scheme 1
	Scheme 2
	Scheme 1
	Scheme 2

	Average correct receiving probability
	60.49%
	84.17%
	78.24%
	91.69%

	Outage probability
	53.26%
	32.17%
	42.34%
	27.61%



In Table.1, average correct receiving probability is defined as the ratio of the correctly received packets number over all the detection trial number of all the D2D receivers. Outage probability is defined as the ratio of D2D receivers that fail to detect more than 2% packets.
We can observe in Table.1 that 
Observation 2: At least Mode 2 resource allocation for D2D broadcast communication benefits from interference measurement.
Note that there are only 3 transmitters per Macro cell area in the agreed scenario. That means more performance loss would be foreseen if we try more transmitters for higher capacity.
Hence based on the above observations, we propose:
Proposal 1: For efficient D2D communication resource allocation, D2D RRM measurement should be studied and defined, and the definition should be captured in 36.214.
RRM measurement may be based on resource pool, resource unit or reference signals such as DMRS. 
Proposal 2: D2D RRM measurement may be based on configurations of resource pool, resource unit and also reference signals, e.g. DMRS.

Conclusion
[bookmark: _Ref228947482]In this contribution, we provide some analysis regarding D2D communication RRM. Evaluation results are also provided to justify the performance gain brought by possible new measurements. Basically, we have the following conclusions:
Observation 1: Both Mode 1 and Mode 2 communications may benefit from D2D RRM measurement.
Observation 2: At least Mode 2 resource allocation for D2D broadcast communication benefits from interference measurement.
Proposal 1: For efficient D2D communication resource allocation, D2D RRM measurement should be studied and defined, and the definition should be captured in 36.214.
Proposal 2: D2D RRM measurement may be based on configurations of resource pool, resource unit and also reference signals, e.g. DMRS.
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Appendix
Table A1 Simulation assumptions
	Parameters
	Assumption

	Scenario 
	Option 5: Hotspot

	Number of macro cell
	7*3

	Number of hotspot per Macro cell geographical area for hotspot scenario
	1

	Number of dropped UEs
	32 UEs / Macro cell area 

	Macro-UE minimum distance
	35m

	UE-UE minimum distance
	3m

	UE dropping
	Option 5 hotspot: 2/3 UEs are randomly and uniformly dropped within the hotzone area (40m radius), 1/3 UEs are randomly and uniformly dropped throughout the macro geographical area. 100% UEs are outdoor.

	Bandwidth
	10MHz

	Communication type
	Broadcast

	Transmitter number per Macro cell area
	3

	D2D resource pool
	6 RBs * 3 in frequency domain
2 subframes in time domain
6 resource units in total

	MCS Level
	3

	Inband emission modeling
	W=3,X=6,Y=3,Z=3

	UE Transmit power
	23dBm

	eNB disable ratio
	100%

	UE receiver 
	MMSE+IRC

	Transmitter-Receiver attachment threshold
	-112dBm, -107dBm

	Number of automatic retransmission
	4



Table A2 Traffic model
	Parameter
	Value

	Codec 
	Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor 
	75% 

	Talk spurt 
	Exponential distribution: mean = 2.5 seconds

	Voice payload per speech frame during active talk
	 With header compression 41 Bytes (328 bits)

	SID payload
	Not modelled

	Outage definition
	2% 
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