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1
Introduction
In previous RAN1 meetings, we have reached some working assumptions regarding the D2D discovery signal design and the resource allocation method for D2D discovery as given below [1].

Working Assumption for the D2D discovery signal design:
· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message:

· PUSCH structure is reused, with:
· CRC is inserted, FFS between 16 and 24 bits
· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes
· Rate matching is used for bit size matching and possibly for generating multiple transmissions
· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS
· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

Working assumption for the resource allocation method of the D2D discovery signal for the purpose of further evaluation:

· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs
· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 
· All individual discovery message transmission resources are the same size
· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery 
This contribution discusses resource allocation algorithms of the individual discovery message. We will provide possible resource allocation algorithms and compare performance of each scheme by providing system simulation results.
2
Discovery procedures
This section shows basic assumptions for D2D discovery. The D2D discovery procedure assumed in this document is based on the working assumption given in section 1 and this would be the baseline of the performance evaluation which follows in the next section.

Figure 1 is showing the resource utilization for the D2D discovery based on current RAN1 working assumption. Resources for the D2D discovery is time multiplexed (TDM) with those for the normal WAN data transmission and the number of discovery subframes and the discovery period can be semi-statically configured. In addition, during discovery durations, it should be guaranteed that PUCCH can be transmitted at least for the legacy UE operation, e.g. HARQ, CQI, etc. Therefore, a certain amount of PRBs are reserved for PUCCH transmissions in each edge of the frequency band as shown in Figure 1.

Inside one discovery duration, each discovery resources are time-frequency multiplexed together. It is assumed that one D2D UE is using one discovery resource block (DRB) for the transmission of its discovery information. One DRB consists of one subframe and one resource block, i.e. one PRB pair. And we agreed that D2D transmission/reception does not use full duplex on a given carrier. Therefore a UE is only able to receive discovery signals during the time frame that the UE does not transmit its discovery. For example in Figure 1, UE1 transmits its discovery using the red-colored DRB in the first subframe. This UE1 cannot receive any discovery signals in the first subframe and can only receive signals from the second subframe in the discovery duration. Therefore, UE1 can receive the discovery signal from UE3 but it cannot receive discovery signal from UE2. 

This half duplexing issue can be mitigated by differentiating the DRB mappings in different discovery durations. If the DRB position is different in the next discovery duration, UE1 and UE2 may choose the DRBs in different subframes, so that they can discover each other in the next discovery duration. DRB position differentiation can be realized by applying a fixed time-frequency hopping pattern between discovery durations or by using different DRB allocation in each discovery duration.

The differentiation of the DRB position is also beneficial for reducing the in-band emission impact. Let’s assume that UE1 is very close to UE3. In that case, if UE3 tries to decode discovery signals in the first subframe, the interference by the in-band emission of UE1 is too large for the UE3 to receive other discovery signals correctly, such as UE2. However, if DRB position is different in the next discovery duration, UE3 may be able to discovery UE2.

For the transmission of the discovery signal, we adopted PUSCH-like scheme including turbo coding and QPSK modulation. Reference signal is embedded in a TDM manner. SC-FDMA is used for the multiple access schemes among UEs.
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Figure 1: Resource utilization for the D2D discovery

3
Performance evaluation
3.1 
Evaluation scenario

For the evaluation, we are following the discovery scenario described in section 2. On top of it, we added some more basic assumptions like the followings
· Discovery channel format

1. Message with sequence for data modulation

2. PUSCH structure is reused for discovery message: 104 bit information, 24 bit CRC, turbo code, QPSK modulation and proper rate matching for mapping to one PRB pair.
· Resource allocation: A UE can transmit its discovery signal using one DRB. There are two resource allocation schemes assumed in the evaluation:

1. Random resource allocation: for every UE, one DRB is selected randomly form nRB ( nSF, where nRB is the number of DRBs in a discovery subframe and nSF is the number of subframes in a discovery duration.

2. Uniform resource allocation: random resource allocation with the restriction that the number of UEs that are assigned in each DRB is same.
· Resource hopping: For multiple discovery durations, time-frequency hopping can be applied in order to mitigate the half duplexing problem and the in-band emission impact. The following simple hopping pattern is used in the evaluation
1. Time hopping: SF(i) = [SF(i-1) + P] mod nSF
2. Frequency hopping: PRB(i) = [PRB(i-1) + SF(0)] mod nRB
· UE behavior: Assuming the resource assignment mentioned above, each UE tries to receive and decode as many discovery signals as possible throughout the all possible DRBs, except the DRBs in the subframe where the UE is transmitting its discovery signal. 

· Performance metric: We used the number of discovered UEs versus required time which is the agreed metric for the discovery.

· Discovery resource: TDM multiplexing is used between resources for discovery and WAN but PUCCH resource is reserved even in discovery subframes as discussed in the previous section. In the evaluation, it is assumed that there are 44 DRBs in one subframe, i.e. 44 PRBs are used for discovery and 3PRBs in each band edge are used for PUCCH in 10MHz system bandwidth. 

· Layout options: We assumed two layout options: Option 1 and option 3. Option 1 is mandatory for general scenario and it reflects more realistic situation including enough indoor UEs. Option 3 has only outdoor UEs but it is very simple and good for initial calibration.

Other details on the evaluation assumptions are summarized in Annex A, which is in line with the current RAN1 agreement on D2D discovery evaluation [2]. 

3.2 
Evaluation results
3.2.1 
Basic results on the number of discovered UEs
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Figure 2: CDF of number of UEs discovered as a function of time
Figure 2 is showing the CDF curves of the number of discovered UEs depending on the number of discovery durations for both layout option1 and option 2. In different discovery duration, UE randomly select the different DRB to transmit its discovery signal. From the figure, we can see that the number of discovered UEs increases as the number of discovery durations increases. This is because half duplexing constraint and in-band emission between different DRBs can be solved by discovering multiple discovery durations as discussed in the previous section.
If we see the figures, we can easily see that shapes of curves are very different between two layouts. The CDF curves in layout 3 seem normal curves. However layout 1 is showing a bit strange shapes of curves. Each CDF curve has three separate parts, as shown in figure 3 (b). By interpreting the curves, we can see that the first part marked with  eq \o\ac(○,1) is from virtual indoor UEs (about 13%), second part marked with  eq \o\ac(○,2) is from indoor UEs (about 67%) that are in indoor hotspot, and the last part marked with  eq \o\ac(○,3) is from outdoor UEs (about 20%). A virtual indoor UE will be experiencing 20 or 40dB wall penetration loss for every link, so that this UE can discover not as many UEs as other UEs. An indoor hotspot UE also sees 20dB wall penetration loss for the link with UEs that are outside of the same indoor building. However, outdoor UE does not have any penetration loss between other outdoor UEs and in addition the interference from indoor UEs is reduced by the penetration loss. Therefore the outdoor UE discovers much larger UEs than indoor UEs as shown in the figures.

3.2.2 
Results on total discovery resource size
In this section, we want to see the discovery performance depending on the different total resource size of one discovery duration. From Figure 3, we can see that UE can possibly discover more UEs when more subframes are assigned for the discovery resource. The increase is much higher for layout option 3, which means that the influence of the amount of resource is larger for outdoor UEs. However the performance increase is getting smaller for the larger subframe cases. Based on the results, we need to select the most appropriate amount of resources for the discovery considering the discovery performance and the resource overhead. 
The proper amount of discovery resources may be different for different cell status since many factors can be considered to determine the most appropriate amount of resources, e.g. the number of D2D UEs, cell size, traffic load for uplink WAN data, and etc. Therefore, Total amount of resources should be able to be configured by network.
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Figure 3: Average number of UEs discovered for different resource size
3.2.3 
Results on DRB selection

For different discovery duration, there are multiple ways to allocate the DRB in which a UE transmits its discovery. As discussed above, it is required to differentiate the DRB position for different discovery duration in order to mitigate the half-duplexing and in-band emission problems. We have considered three different DRB allocation algorithms:
1. Random DRB allocation is used for every discovery duration

2. Random DRB allocation is used only for the first discovery duration and then pre-determine time-frequency hopping is applied later on

3. Uniform DRB allocation is used only for the first discovery duration and then pre-determine time-frequency hopping is applied later on
Figure 4 is comparing three different DRB allocation schemes. Random DRB selection is very simple and there is no allocation process required like the type 2 signalling, but it may not show the optimized performance. From Figure 4, we can see that up to 2 discovery durations, uniform DRB allocation with hopping shows better performance than all random DRB allocation. However, as the number of discovery duration increases, all random DRB allocation shows better performance than other two allocation mechanisms. From the results, we can conclude that the random DRB allocation works well for solving half-duplexing and in-band emission problems compared to utilization of time-frequency hopping.
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Figure 4: Number of UEs discovered for different resource selection algorithms
Considering the above evaluation results, we summarize our observations like the followings. 

Observation 
· According to the indoor-outdoor situation of the UE, a UE discovers different number of UEs:

· Number of discovered UEs: Virtual indoor UEs < indoor hotspot UEs < outdoor UEs
· The more resources are assigned for discovery operation, the more UEs can be discovered especially for outdoor UE cases. However, there should be a trade-off between discovery performance and resource overhead.
· Random DRB selection in each discovery duration shows better performance than utilizing time-frequency hopping for different discovery durations.
4
Conclusion

This contribution provides initial simulation results on D2D discovery. Some observations based on the simulation results are also provided like the followings. 
Observation 
· According to the indoor-outdoor situation of the UE, a UE discovers different number of UEs:

· Number of discovered UEs: Virtual indoor UEs < indoor hotspot UEs < outdoor UEs
· The more resources are assigned for discovery operation, the more UEs can be discovered especially for outdoor UE cases. However, there should be a trade-off between discovery performance and resource overhead.
· Random DRB selection in each discovery duration shows better performance than utilizing time-frequency hopping for different discovery durations.

Based on the observations, we propose the following proposals.
Proposals
· Inside each discovery duration, resource for the individual discovery signal should be determined by random selection mechanism
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A   Evaluation assumption
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
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Option 1: Urban macro (500m ISD) + 1 Indoor Hotzone per cell

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

	Carrier frequency
	2.0GHz

	D2D Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,

where din for virtual indoor UE is 1.5m

	
	I2I (same building)
	LOS: PL = 16.9(log10(d) + 32.8 + 20(log10(fc)
NLOS: PL = 43.3(log10(d) + 11.5 + 20(log10(fc)

	
	I2I (different buildings)
	PL = 43.3(log10(d) +11.5 + 20(log10(fc) + 40

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

except I2I different building case

	Shadowing
	I2I (same building)
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal

	Small scale fading
	Not applied

	RSRP calculation
	UE Tx power – (Path loss + Shadowing)

	UE Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [2]

	In-band Emisson
	As agreed in [3]

	Network synchronization
	eNBs are synchronized each other


� eq \o\ac(○,2)�





� eq \o\ac(○,1)�





� eq \o\ac(○,3)�
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