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Introduction

At the RAN#72bis WG2 meeting the working assumptions and the way forward for the D2D deployment scenarios were discussed.  The agreements have been captured in the Draft Report [2] of that meeting and also in the document "LTE D2D Dropping and association" [3].
In this document we discuss the results of simulating some of the agreed deployment scenarios for the out of coverage public safety specific scenarios.  These simulations were undertaken to study possible values for the 'FFS' values in the working assumptions and also to check that the deployments are feasible.
2
Scenarios simulated
The evaluation assumptions that have been used from the Draft Report [2] are shown in Table 1.  Note that since it is only the UE dropping and association that is being simulated, some of the properties are not relevant and have been omitted.  The dropping and association scenarios that have been used from the document [3] are shown in Table 2.
Table 1 - Evaluation Assumptions for simulation
	Property
	PS Specific Scenario Value

	Layout
	Option 5 - Urban macro (1732m ISD)

19 site, 3 sectors per site

	Carrier Frequency
	700MHz

	Network operation
	0 % eNodeB enabled 1

	UE RF parameters
	1 Tx, 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9dB


Table 2 - Evaluation Assumptions for UE dropping and association
	Property
	PS Specific Scenario Value

	Layout
	Option 5 - Urban macro (1732m ISD)

	Total number of active UEs per cell area
	{10, 27}2

	Number of D2D UEs for communication
	FFS 3

	UE drop 4
	Case 1: UEs randomly and uniformly dropped throughout the macro geographical area; 20% UEs are outdoor and 80% UEs are indoor. Drop 2 RRH buildings (without RRHs) in each macro geographical area.

Case 2: Uniform drop - all UEs are randomly and uniformly dropped throughout the macro geographical area

Case 3: Hotspot drop – Randomly select an area within each macro geographical area.  Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.  Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell

	UE association for unicast D2D communication
	Random pairing: First UE is randomly selected from all UEs within entire 19 macro sites and 2nd UE is randomly selected from the remaining UEs within entire 19 macro sites  

2nd UE will be re-selected if the path loss between the two UEs is greater than 120dB 5

	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 macro sites

 All Y number of receiving UEs are randomly selected from the remaining UEs within entire 19 macro sites  
· FFS-Number of receiver UEs “Y” 6
· UEs will be re-selected if the path loss between the two UEs is greater than 120dB 5



Footnotes

The yellow highlighted values in the tables show which parameters were FFS in [2] and [3].
The following footnotes apply to Tables 1 and 2 where the numbers are shown as superscripts in the tables.
1) The scenario is for out of coverage UEs and so the percentage of eNode Bs enabled is zero.
2) The starting point for the number of active UEs in each cell for option 5 was 10 UEs.  The case with 27 UEs has also been simulated as a comparison.  It is assumed that an active UE is one that is potentially engaged in D2D communications.
3) The number of D2D UEs needed for unicast and group cast is FFS.
4) Although 3 cases for the UE drop were suggested in the document [3] we have only simulated cases 2 and 3.  These are the two outdoor to outdoor scenarios.  However a discussion of case 1 is given in section 5.3.
5) The maximum pathloss has been set to 120dB.  This should allow UE to UE communication assuming a maximum output power of 23dBm and a noise figure of 9dB for the UE.

6) The number of receiving UEs 'Y' is FFS.
3
Method
The channel models have not yet been agreed but as a starting point those proposed in [4] have been used.  Both simulation cases considered in this document have outdoor to outdoor UE links only and the majority of companies proposing outdoor models at the last meeting selected ITU-1411.
For the simulations a UE was chosen at random and then all UEs throughout the entire 19 sites were examined to see if a link could be formed given the 120dB maximum pathloss constraint.  This was repeated for randomly chosen UEs and for multiple runs of the UE drop.  The intention was to find the mean percentage chance that a randomly chosen UE would meet the criterion for selection.  If this number is very low then this indicates that when the evaluation simulations as described in Table 2 are performed then time is spent reselecting UEs over and over again.  Another metric calculated was the mean percentage chance that a UE from the entire 19 sites is within the range of the randomly selected UE.
In addition the number of links that a given UE could form was also recorded.  This data was used to construct a histogram showing the frequency of the number of successful links a UE could make.
The simulations performed were for cases 2 and 3 from Table 2 and these were repeated for drops of 10 and 27 UEs per sector.
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Results
Table 3 shows a summary of the four simulations performed.  The mean percentage chance that a randomly selected UE is within range of a given UE is shown in the third column.  In all cases the chance is low which means that UEs will have to be re-selected repeatedly in order to form working links.  The mean number of links that a given UE can form is shown in column two.
Given that the probability that a specific UE can communicate with another specific UE is low (approximately 2.5%: Table 3), the capacity gain from allowing direct UE to UE communications within a network is expected to be low (most UE communications are going to have to be routed via the eNodeB). In a public safety deployment, the UEs that are participating in an incident are likely to be clustered, allowing many UE to UE links to be formed. In the public safety case, the existence of the functionality to perform direct mode communications is the driving force for ProSe communications, rather than the ability to improve network capacity.
Observation 1: the dropping model for the ProSe study item will not provide significant network capacity gains. In the public safety case, the existence of the off-network direct mode communication functionality is the driving force for the support of the feature.
Table 3 - Mean number of links and Mean % of UEs in range
	Scenario
	Mean number of links
	Mean % of UEs in range

	O2O case 2, 10 UEs
	11
	2.2

	O2O case 2, 27 UEs
	27
	2.2

	O2O case 3, 10 UEs
	13
	2.5

	O2O case 3, 27 UEs
	34
	2.4
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Figure 1 – Outdoor to outdoor Simulation case 2.   UEs/sector = 10

[image: image2.emf]0 10 20 30 40 50 60 70 80 90

0

20

40

60

80

100

120

140

Number of UEs in range

Total times occurred

Histogram showing how many times a particular number of UEs were in range


Figure 2 – Outdoor to outdoor Simulation case 2.   UEs/sector = 27
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Figure 3 – Outdoor to outdoor Simulation case 3.    UEs / sector = 10
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Figure 4 – Outdoor to outdoor Simulation case 3.   UEs/sector = 27

5
Discussion

5.1 Simulation case 2 - Uniform drop
The uniform drop scenario results are shown in figures 1 and 2.

The  number of receiving UEs in a group cast is FFS and is defined as 'Y' in Table 2.  However it can be observed from figure 1 that if the number of active UEs per sector is only 10 then the group size that can be supported without many re-selections and/or re-drops will be small. Hence the value should be larger than 10 and an example of 27 active UEs/sector is given as a comparison.
In fact it is not necessary to perform the simulations to see that there is a problem.  Taking the mandatory public safety scenario with a uniform drop (case 2 in Table 2) and the suggested number of UEs per cell (10) then assuming each site is tri-sectored then a UE occupies (on average) 86600m2.  Thus the average inter-UE distance is approximately 300m.
The pathloss models from [4] for 300m and 700MHz result in the following pathlosses:

Outdoor to outdoor:

LOS

78.9dB








NLOS

118.9dB       (dense urban)
Thus the mean pathloss for the NLOS case is only just within the 120dB constraint so it is not surprising that not many links can be formed when there are 10 UEs/sector.

Proposal 1: The number of UEs dropped per sector for UE to UE communications should be larger than 10.

The justification for the maximum path loss of 120dB is as follows.  
Assuming a standard UE noise figure of 9dB then the noise floor for a UE in 1 resource block is -112.5dBm.  

With 23dBm Tx power and a pathloss of 120dB (and no other losses and not considering any interference), the mean SNR at the second UE is:

Outdoor to outdoor:

LOS

55.5dB








NLOS

15.5dB        (dense urban)
This is sufficient for UE to UE communications to take place allowing some margin for aspects such as fast fading, interference etc.
Proposal 2:  The FFS constraint for link re-selection should be set as follows.  If the pathloss between the two UEs is greater than 120dB then the second UE should be reselected.  This applies to UEs with Tx power 23dBm.
5.2 Simulation case 3  - Hotspot drop
The hotspot drop scenario results are shown in figures 3 and 4.  The mean number of links is increased compared to the uniform drop scenario.  This is expected because the UEs in the 40m radius hotspot are close together.  However for consistency it would be better to keep the same number of UEs dropped per sector.  However the UE selected for a link may be outside the hotspot and that is why there are still some UEs with a low number of working links as shown in figures 3 and 4.
5.3 Simulation case 1  - Two RRH buildings

Although the scenario case 1 from Table 2 has not been simulated it is still possible to draw some conclusions.  One use case of particular interest to public safety is that of an indoor UE communicating with an outdoor UE.  However, the following analysis shows that these links are unlikely to be formed.

If there are only 10 UEs per cell and only 20% of these are outdoor then there will be only 2 outdoor UEs per cell.  Also the outdoor UEs are uniformly dropped and therefore the mean distance from an indoor to an outdoor UE will be greater than the 300m obtained in the calculation in section 5.1.  The chance of any of the selected UEs being involved in an indoor to outdoor link is low.
Even if the average inter-UE distance were 300m, the pathloss model from [4] gives the following:
Outdoor to indoor:

LOS

~147dB








NLOS

~160dB

This pathloss is too large to support any UE to UE communication.  The number of UEs needs to be substantially increased and the proportion of outdoor to indoor should be changed so that at least 50% are outdoor. This will allow a reasonable mix of indoor-indoor, indoor-outdoor and outdoor-outdoor links to be obtained.
Proposal 3: For the deployment scenario using RRH buildings, the proportion of outdoor UEs should be at least 50%.
6
Conclusion 
Using the results from the simulations and analysis, the starting point for the number of active links of 10 for the public safety deployment scenarios in the Draft Report [2] is too low.  The following proposals are made:

Proposal 1: The number of UEs dropped per sector for UE to UE communications should be larger than 10.
Proposal 2:  The FFS constraint for link re-selection should be set as follows.  If the pathloss between the two UEs is greater than 120dB then the second UE should be re-selected.  This applies to UEs with Tx power 23dBm.
Proposal 3: For the deployment scenario using RRH buildings, the proportion of outdoor UEs should be at least 50%.

The following observation is also made:

Observation 1: the dropping model for the ProSe study item will not provide significant network capacity gains. In the public safety case, the existence of the off-network direct mode communication functionality is the driving force for the support of the feature.
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