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1
Introduction
Last meeting, RAN1 reached an agreement on the UE association for the D2D unicast/groupcast/broadcast communication as shown in Table 1. This contribution shows some initial simulation results reflecting the current agreements and gives some observations on designing D2D direct communication
Table 1: Agreement on UE association for D2D communication 
	UE association for unicast D2D communication
	Random pairing: First UE is randomly selected from all UEs within entire 19/7 macro sites and 2nd UE is randomly selected from the remaining UEs within entire 19/7 macro sites  

2nd UE will be re-selected with constraint of minimum RSRP between two UEs if RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
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)  when UE is transmitted at maximum power

	UE association for group cast D2D communication 
	Random pairing: First UE is randomly selected as the UE for group cast from all UEs within entire 19/7 macro sites

All Y number of receiving UEs are randomly selected from the remaining UEs within entire 19/7 macro sites  

· FFS-Number of receiver UEs “Y”

· UEs will be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
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) when UEs are transmitted at maximum power

	UE association for broadcast D2D communication  
	Random pairing: First UE is randomly selected as the UE for group cast from all UEs within entire 19/7 macro sites

All Y number of receiver UEs are randomly selected from the remaining UEs within entire 19/7 macro sites  
· FFS: Number of receiver UEs “Y”

· UE will be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
[image: image3.wmf]¥

) when UE is transmitted at maximum power


2
UE association
This section firstly shows some fundamental results based on the agreed UE association procedures. Based on results, we will provide some observations on UE association.
Figure 1 is showing the CDF of the path losses of all possible pairs of UEs dropped in the whole 19 cell sites of the layout. There are two curves for general scenario (2GHz carrier frequency and 500m ISD layout) and public safety specific scenario (700MHz carrier frequency and 1732m ISD layout). Two curves do not show big difference each other in spite of the big difference of the inter site distance between the two. This is because the bigger path loss by the larger distance is compensated by the less path loss property of the lower carirer frequency.
From figure 1, it can be easily seen that more than 90% of links are not feasible since the path loss should be less than 150 dB in order for the link to be reliable [2].
Observation
1.  Less than 10 percent of UE pairs are feasible to form a realiable D2D link
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Figure 1: CDF of path loss between UEs
In Figure 2, we are showing how many links are formed according to the current user association procedure for two scenarios depending on the RSRP threshold. (RSRP threshold is the number X of the desctiption “X dBm” in the table 1.) Note that the maximum possible number of D2D links is 712 (= (19(3(25/2( ). When the RSRP threshold is too big, for example, in case of -80 to -100 dBm RSRP, there are not enough links formed and a lot of UEs do not find any pairing UE for D2D link association as seen in the figure. However, when the RSRP threshold reaches -110dBm and lower, almost all UEs get to be involved in link associations. This figure also shows how much the proportion of the links are inter-cell D2D links or intra-cell D2D links. Intra-cell D2D link is the link between two UEs in the same cell and inter-cell D2D link is the link between UEs in different cells. For high RSRP threshold, intra-cell D2D link is more than inter-cell link. However, if the RSRP threshold is lower than -110dBm, it can be seen that inter-cell D2D link is dominant and the dominance is getting stronger if the RSRP threshold gets lower.
Observations
2.  Enough links are formed by the agreed user association procedure when the RSRP threshold is lower than -110 dBm
3.  For low RSRP threshold, inter-cell D2D link is dominant.
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Figure 2: Number of associated links for two scenarios
Based on the observation 3, we need to thoroughly consider D2D communication between UEs in different cells: inter-cell D2D. One important issue for inter-cell D2D is the synchronization between eNBs. The design of inter-cell D2D depends a lot on the eNB synchronization. We need to see how much gain we can get for inter-cell D2D from the synchronized network and based on it, we may need to have different solutions for inter-cell D2D depending on whether eNBs are synchronized or not.
Proposal

· Inter-cell D2D should be thoroughly taken into account for the technical design.
Figure 3 is showing the cumulative distribution of geographical distances between two UEs that are associated to form a D2D link for each scenario. Depending on the RSRP threshold, the range of the distance varies. For example, if the RSRP threshold is -80 dBm, the distances of almost all links are less than 50m for 500 ISD case. If the RSRP threshold is -140 dBm, distances of more than 50% of D2D links are longer than 500m.
Observation 3
4.  Depending on RSRP threshold, the range of the distance varies.
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Figure 3: CDF of distance between UEs
If we see the cases of low RSRP threshold, there are too many links where the distance between UEs is pretty large. This might degrade the performance of D2D direct communication since their link throughputs are limited and they may cause large interference for other D2D or non-D2D UEs. From this perspective, it might be better to form links where two associated UEs are closer to each other as much as possible. Therefore, the gradually decreasing RSRP threshold may solve these issues. See the following steps for the gradually decreasing RSRP threshold:
i. At first we perform the UE association procedure given in table 1 with high RSRP threshold
ii. If there are no more links formed with the previous RSRP threshold then perform the UE association procedure with one step lower RSRP threshold
iii. Repeat the step (ii) until the RSRP threshold reached the pre-determined minimum RSRP threshold.
Figure 4 is showing the cumulative distribution of geographical distances between two UEs that are associated using the fixed RSRP threshold (solid line) and the gradually descreasing RSRP threshold (dotted line). As expected, we can have many short-distance links with the gradually decreasing RSRP thresholds and almost all UEs are associated to form D2D links.
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Figure 4: CDF of distance between UEs with and without the gradually decreasing RSRP threshold
Proposal
· Gradually decreasing RSRP threshold can be a suitable UE association method of D2D direct communication evaluation.
3   Conclusion

This contribution discusses the UE association procedure for D2D direct communication and provides some observations based on some fundamental simulation results. The followings are our observations and proposals based on them.
Observations
· Less than 10 percent of UE pairs are feasible to form a realiable D2D link.
· Enough links are formed by the user association procedure when RSRP threshold is lower than -110 dBm.
· For low RSRP threshold, inter-cell D2D link is dominant.
· Depending on RSRP threshold, the range of the distance varies.
Proposals
· Inter-cell D2D should be thoroughly taken into account for the technical design.
· Gradually decreasing RSRP threshold can be a suitable UE association method of D2D direct communication evaluation.
A   Evaluation assumption
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	
[image: image12.emf]
Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500 m, 1732m

	D2D channel model 
	Only outdoor UEs are assumed

	Carrier frequency
	2.0GHz for 500m ISD
700MHz for 1732m ISD

	Carrier number
	1

	RSRP calculation
	UE Tx power – (Pathloss + Shadowing + noise figure)

	Minimum RSRP for the link association
	-80, -90, -100, -110, -120, -130, -140, -150

	Path loss model
	Defined in ITU-R P.1411-6 [3]

	Shadowing
	Standard deviation: 8dB

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE antenna Height
	1.5 m

	Number of D2D UEs
	25 UEs

	UE drop
	Uniformly random
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