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Penetration Loss Distribution for Cellular IoT Part 2

1. Introduction

At GERAN Telco#5, Ericsson provided an input [1] raising a number of points for discussion on building penetration loss. The aim of this email discussion is to discuss the points raised by Ericsson and continue the email discussion until GERAN#64.

Neul: Introductory remarks

We are concerned that the path/penetration loss model is being progressively relaxed. We note that each of the suggestions for modifications to Vodafone’s original proposal is resulting in a reduction to the modelled penetration losses. In other words, the proposed updates to the model appear to be all in one direction. Although we are OK with some of the refinements proposed in this discussion, for example introducing different classes of building, we propose that this is not done in such a way that we risk ending-up with an optimistic system simulation model.

We note that it is a key requirement of the C-IoT study to support deep indoor penetration in order that the system can achieve reliable coverage/capacity to a very high percentage of devices, even those in “bad” locations, and this is critical to the economics of deploying many types of IoT applications. Therefore, we believe it would be very unwise to relax too much the modelling of path loss or penetration loss, as this could easily result in over-optimistic modelling system simulations and so give a false impression of what can be achieved.
The discussion so far has tended to focus on particular assumptions that are considered by some sourcing companies to be too pessimistic (i.e. to yield penetration losses that are too high). In order to provide some balance to this discussion, here are a few examples of issues where we could argue that we currently have optimistic assumptions or may be tending towards optimistic assumptions:

1. Path loss measurements and models for conventional cellular systems tend to use a standard assumption that the MS antenna height is 1.5 meters. This assumption is quite reasonable for a human holding a phone, which presumably was the original motivation. However, it is not a good model for many IoT devices. In fact many IoT devices will be at floor level; an extreme example is car parking bay sensors (potentially in a basement) that are actually embedded in the road (and to make matters worse, the sensor will be shadowed by the car above). The path loss characteristics of such devices may be significantly worse than the current modelling assumptions, yet we are accepting this as an approximation in the interests of a tractable analysis.

2. Many IoT devices will be embedded in products with form factor limitations, and this is likely to result in compromises with respect to antenna gain. Furthermore, many IoT devices will be attached directly to walls or floors. Depending on wall construction and other factors, there is a real possibility for antenna de-tuning, again causing loss of antenna gain. Yet one of the modelling assumptions we are using is -4dB antenna again. In our view, there are many situations in which this could be an optimistic assumption for IoT devices.
3. New commercial building may contain large numbers of IoT devices such as sensors, and these building types are likely to be at the higher end of the scale in terms of penetration losses due to their construction for energy efficiency. Similarly, rapidly growing cities in expanding regions of the world are likely to have much higher concentrations of modern buildings constructed using modern materials and techniques, which are likely to have higher penetration losses.

We are not proposing to further complicate the study by requesting changes to already agreed simulation assumptions such as the path loss model and the MS antenna gain. However, we propose that the penetration loss model is not relaxed beyond a conservative introduction of different building classes, so that we do not end-up with optimistic assumptions across too many aspects of the overall system simulation model.  
2. General Approach to modelling Path Loss to take into account building penetration loss.

The outdoor path loss model for CIoT has been agreed and is captured in the TR as:

Outdoor Path Loss model =I + 37.6log10 (.R) + Lognormal shadowing component (with standard deviation of 8 dB)

R in kilometers, where I=120.9 for the 900 MHz band

For additional indoor path loss modelling, GERAN WG1 have so far focused on characterizing the building penetration loss which has to be added to the Outdoor Path Loss model. This is in line with the COST 231 model in [2]:

Path loss indoor = outdoor path loss + building penetration loss (FFS if it is just a matter of adding the two , see Section 3)

According to Vodafone in [3], the building penetration loss is a function of the loss at the external wall, the internal wall losses, the penetration distance into the building and the floor above ground level.

In [1], Ericsson have put forward a possible alternative to model the path loss when indoor based on reference [4]  which can be characterized as:

path loss indoor = Free space path loss (LOS) + excess in building loss. 

The free space path loss = 20 log10 (distance) + 20 log10 (frequency) +32.44 dB , where distance is in Km and frequency is in MHz.

According to Ericsson, results from [5] indicate that the excess in building loss is lognormally distributed with mean 30 dB and standard deviation of 8 dB.

Approach 1

Path loss indoor = outdoor path loss (as per TR) + Building penetration loss (FFS)

Here the lognormal shadowing effect is part of the outdoor path loss and building penetration loss is modelling the additional loss caused by signals having to penetrate the building and internal walls.

Approach 2

Path loss indoor = free space path loss + excess in building loss (FFS if lognormal with mean 30 dB and Standard deviation 8 dB is appropriate)

Here the lognormal shadowing effect is included in excess in building loss, which also includes the effects caused by the building walls and internal walls
Comments

	GERAN WG1 is requested to comment on Approach 1 and Approach 2 above

	Vodafone
	We prefer Approach 1 for the following reasons:

1) The outdoor loss model is standard 3GPP model and already agreed in TR.

2) RAN1 study on low cost MTC followed the approach of modelling a basic Ploss and Additional Ploss. It is preferable to stick to this approach and clarify what is the appropriate distribution for Basic Ploss and Additional Ploss.

3) For approach 2, there are no results available on indoor fading model for modern buildings (with the assumption of free space path loss on the outside) and it is not obvious how to break down the indoor loss component to be a function of all factors that may influence the indoor penetration loss as we did based on COST231 model.  Referring to only one floor layout as described in [5] is not sufficient. 

	Ericsson
	Approach 2 can as minimum serve as a reliable reference source of information for the total path loss to indoor users in the case of normal building types. Ericsson believes that these building types should be taken into account in Approach 1, which we also note has been done in chapter 6 for external wall loss.
[Vodafone] Ok to use approach 1 as a reference for cross checking what we end up with our assumptions for approach 2.

	Neul
	We prefer Approach 1 for broadly the same reasons as stated by Vodafone. 
Does the reply from Vodafone to Ericsson’s comment have a typo with regard to the numbering of the approaches?

[Vodafone] Yes. We should have said, “ok to use approach 2 as a reference for cross checking what we end up with our assumptions for approach 1”.

	
	

	
	

	
	

	
	


3. Combination of outdoor fading and indoor fading models. 

Ericsson observe in [1] that with approach 1 (see Section 2), if we simply add the outdoor path loss (which includes a lognormal shadowing component) to the Building Penetration Loss model in [3], the variation around the distance dependent path loss is still lognormally distributed but with a standard deviation of 10.9 dB and a mean of 28.5 dB.

In approach 2, the excess indoor loss model is already expected to include the effects of log normal shadowing, with a mean of 30 dB but standard deviation of 8 dB.

A major difference between Approach 1 and 2 is the considerable difference between the free space path loss and the distance dependent path loss model agreed in GERAN. 

	GERAN WG1 is requested to comment on how outdoor and indoor fading models can be combined.

	Vodafone
	We already have a widely agreed model for outdoor path loss in 3GPP. We need to characterize what would be the signal level if the device would be in a building rather than outdoor in the same location.  It seems easier to build on the outdoor pathloss model we have. 

	Ericsson
	The main concern from our side is that the combination of outdoor shadow fading and building penetration loss leads to a total loss with a seemingly high standard deviation. It may e.g. be considered to lower the outdoor shadow fading standard deviation to lower the total loss standard deviation.
[Vodafone]The distribution we get with approach 1 cannot be taken as a model of a distribution of shadowing loss indoor. It is more of a distribution of extra path loss we can expect considering all types of houses we can have in cell and the effect of their external/internal walls on the signal strength level. The spread for penetration loss distribution may thus be much higher than that of the experienced shadowing loss indoors. 

 

	Neul
	We agree with the Vodafone comments. We do not agree with the Ericsson proposal that the variance of the outdoor shadowing component of path loss should be reduced. 

	
	

	
	

	
	

	
	


4. Outdoor to Indoor signal correlation properties

GERAN WG1 is requested to comment on the following proposals in the Ericsson contribution on Building Penetration Loss submitted to Telco#5;

Proposal 4.1: It is assumed that the outdoor to indoor auto-correlation function f(d) = e-d/D (same as for outdoor and indoor).

	Comments on Proposal 4.1

	Vodafone
	The Ericsson assumption appears to be sensible

	Ericsson
	In our view this is a common model for lognormal correlation, so it seems like a reasonable approach, but we welcome input from other companies on this aspect.

	Neul
	This may be fine, but it would be very useful to have a few sentences of explanation from Ericsson regarding how this parameter is expected to influence system simulations so that we all have a clear picture of the impact of this proposal.

	
	

	
	

	
	

	
	


Proposal 4.2: It is assumed that the decorrelation distance D is 5 m (in line with earlier 3GPP work)

	Comments on proposal 4.2

	Vodafone 
	OK to align with earlier 3GPP work on this.

	Ericsson
	This is fine with us.

	Neul
	This may be fine, but it would be very useful to have a few sentences of explanation from Ericsson regarding how this parameter is expected to influence system simulations so that we all have a clear picture of the impact of this proposal.

	
	

	
	

	
	

	
	


Proposal 4.3: It is proposed that outdoor to indoor inter-site correlation is taken to be a value between 0 (indoor systems) and 0.5 (for outdoor systems) e.g. 0.25.

	Comments on proposal 4.3

	Vodafone
	We are OK with 0.25. 

	Ericsson
	This is fine with us. 

	Neul
	This may be fine, but it would be very useful to have a few sentences of explanation from Ericsson regarding how this parameter is expected to influence system simulations so that we all have a clear picture of the impact of this proposal.

	
	

	
	

	
	

	
	

	
	


5. Assumption for Fast Fading

Extract from Ericsson contribution on ‘Building penetration loss’ [1]:

For the link level simulations a Doppler spread of 1 Hz has been agreed to model movement in the surrounding of a stationary device. 

In the case of system simulations no assumption on the Doppler spread has been made, and it has been agreed to use a MS speed of 0 km/h as simulation baseline, which implies 0 Hz Doppler spread.
	GERAN WG1 is requested to comment of the apparent difference in Fast Fading assumptions for link level and system level simulations.

	Vodafone
	We understand that the effects of the movement in the surrounding of a stationary device are already catered for in the link level simulation results. We do not understand a motivation to assume a Doppler spread for system level simulation if devices are assumed to be stationary and the operating points we choose for MCS selection are based on the link level simulations (that already include the Doppler effect). 

	Ericsson
	Our understanding of the GERAN discussions so far is that we assumed 1 Hz Doppler but 0 km/h for the stationary use case. In for example GP-140643 (the revision of Huawei’s paper on working assumptions) this was captured by having 0 km/h in the system simulation table, but then in the comment referring to the link level assumption of 1 Hz Doppler. This aspect was however not clear in the paper summarizing the outcome of the GERAN#63 session (GP-140718), hence our question for clarification to the previous telco. I.e. the 1 Hz Doppler will model a non-stationary surrounding environment, but not a mobile device. We welcome other companies’ view.

	Neul
	I suspect we are all in agreement, just describing the same concept in different ways. My recollection of this discussion at GERAN #63 is that the link level simulation results from the TU 1Hz case will be used to provide the inputs to the system simulation (i.e. the required SINR for each available MCS = data rate). As we discussed at GERAN #63, the TU 1 Hz channel model is intended to approximate typical channel variations over time even when the device is stationary. For system simulations, we are assuming devices are stationary which is relevant from the perspective of not having to model cell re-selection due to mobility between cells.

	
	

	
	

	
	

	
	

	
	


6. Details of Building Penetration Loss Model from Vodafone 

	Building penetration Loss 
	Proposal

	External Wall Loss (Basic Ploss)
	Vodafone Proposal is to model the external wall loss ( We+Wge) in the COST 231 MODEL as uniformly distributed between 15-23 dB to reflect loss due to modern building materials as described in [6]:

Ericsson proposal from [1]: take the average of 21.4 rather than 23 dB which is the 95% percentile for the house with highest loss in [6]. 

[Vodafone] would be OK to use 21.4dB if we assume a uniform distribution in the range15-21.4 dB.

Ericsson observation from [1]:  the proposed range assumes all buildings are of modern type. We should use a distribution between old and modern house types:

Neul comment: If we are to use a lower limit to take into account wooden buildings a uniform distribution will no longer be appropriate as relatively lower proportion of houses are of wooden construction.

[Vodafone]: We agree that we cannot assume all houses are of modern type. 

We have found out some facts for houses in UK (April 2013) from [7]:

1) Housing stock = 27120 thousand

2) New builds since 2008 = 710 thousand

3) Houses with cavity wall +insulation  = 12650 thousand

4) Houses with cavity wall without insulation = 5770 thousand

5) Houses with solid wall without insulation = 7785 thousand

6) Houses with solid wall with insulation = 205 thousand

Projection by 2020 with the following assumptions:

1) 100K modern houses built every year on average

2) 10% of houses every  year without cavity wall insulation become insulated

3) 5% of houses every year without solid wall insulation become insulated.

Projected statistics by 2020
Housing stock = 27820 thousand

New builds since 2008 = 1410 thousand (5.1%)

Houses with cavity wall + insulation = 16689 thousand (60%)

Houses with cavity wall without insulation = 1731 thousand (6.2%)

Houses with solid wall without insulation = 5265 thousand (18.9%)

Houses with solid wall with insulation = 2724 thousand (9.8%)

According to [8], by 2012 79% of houses in England had double glazing. It is thus appropriate to assume that all houses with some type of wall insulation will have at least double glazing (with a fraction having triple glazing or better)

The external wall penetration loss for the different types of construction are assumed as follows:

A. [5.1%] New builds since 2008 = 19-23 dB (assume equivalent  to house 10 in [6])

B. [60%] Houses with  cavity wall + insulation = 11-23 dB ( assume to be equivalent to brick + Styrofoam in [8] + lower bound of range adjusted (multiplied by 2/3!) to cater for fact that that houses may be double glazed rather than triple glazed): 

C. [9.8%] Houses with solid wall with insulation = 9-19 dB (assume to be equivalent to houses 1,3,4,12,13 in [6] with lower bound of range adjusted ((multiplied by 2/3!)  to take into account that houses may be double glazed rather than triple glazed):

D. [6.2%] Houses with cavity wall without insulation = 8-15 dB ( assume 2x single wall loss )

E. [18.9%] Houses with solid wall without insulation = 4-11dB (assume to be made up of wood/brick/concrete etc.)

If we assume that the 19-23 dB penetration loss range for houses with cavity wall+ insulation is mostly the effect of having triple glazing or better, then it probably sensible to assume that only a tiny fraction of the 60% houses e.g. ~5%  with cavity wall+ insulation can be expected to have triple glazing or better. With this assumption, we can postulate the following distribution:

Case 1

25 % houses uniformly distributed in range 4-11 dB (18. 9% houses with solid wall and no insulation, 3.1% of houses with cavity wall and no insulation,  and 3% houses with solid wall+ insulation)

65% houses uniformly distributed in range 11-19 dB ( includes ~55 % of houses with cavity wall& insulation but mostly double glazed, 7% solid wall with insulation &  3% cavity wall without insulation)

10% houses uniformly distributed in range 19-23 dB (5.1% modern houses, 4.9% of houses with cavity wall &insulation +  triple glazing or better)
If we assume that the 19-23 dB penetration loss range for houses with cavity wall+ insulation can be due to the effect of having triple glazing or better and also houses with aluminium backed insulation, then we can postulate that a third of the 60% houses with cavity wall+ insulation could have external wall penetration loss in the range 19-23 dB due to effect of aluminium backed insulation and/or triple glazing or better. 
Case 2

25 % houses uniformly distributed in range 4-11 dB (18. 9% houses with solid wall and no insulation, 3.1% of houses with cavity wall and no insulation,  and 3% houses with solid wall+ insulation)

50% houses uniformly distributed in range 11-19 dB ( includes ~40 % of houses with cavity wall& insulation, probably mostly double glazed, 7% solid wall with insulation &  3% cavity wall without insulation)

25% houses uniformly distributed in range 19-23 dB (5.1% modern houses, 19.9% of houses with cavity wall &insulation, possibly with aluminium backed insulation and/or  triple glazing or better)

1) Is case 1 or case 2 more realistic or should we assume as different split?
Comments

	Ericsson
	We welcome the proposal to introduce also “normal” building types in the building penetration loss modelling. At this point we do not have a strong opinion on using case 1 or case 2. It would however be good to understand the assumptions from [6] used. I bulleted the list above for easier reference. 

In B), the House type would be 11(?). With the motivation provided, would the distribution not be 11-19 dB (the highest figure is 18.8 dB)?
[Vodafone] Typically house type 11, but we extended to 23 dB on the basis that we cannot exclude that a fraction of those houses may have aluminium backed insulation.

In C), the lowest value seem to be 8.5 dB, if lowered by 2/3 as proposed, would it not be 6 dB, so 6-19 dB?
[Vodafone] Even though we mentioned houses 1,3,4,12,13, the lower bound was calculated based on house 3 (rock) as wooden construction (at least in UK) is not common at all. We considered houses 1,4,12,13 to take into account the effects of aluminium backed insulation (not captured by house 3). In fact we could argue that this range should also extend to 23dB since solid wall (rock/concrete/brick) would have higher penetration loss than wood and house type 10 could also fall in this category. 

In D) could you elaborate how the figures were determined?
[Vodafone] We assumed that a single solid wall has range of 4dB-7.5dB mostly to represent loss caused by mostly brick walls. We assumed that cavity wall implies that there are two brick walls with a space in between. Hence 8dB-15 dB. COST 231 model assumes 4dB-10dB range for a single internal wall loss but we capped the upper limit at 7.5 dB for external wall loss on the assumption that those houses mostly have two layers of bricks. 

In E) could you elaborate where the figures were determined?
[Vodafone] We used 4-11 dB to capture a wide range of building materials (also including wood in this case and other materials than brick).

	Neul
	We are OK with the introduction of different classes of building, but we believe that the proposed distributions have been skewed too far towards lower loss buildings and away from high loss buildings. In our introductory remarks at the start of this document we state our reasons for not wishing to relax the penetration loss model too much, including comments about commercial buildings and rapidly growing cities in some parts of the world. Therefore, we propose the following building distribution: 25%  4-11dB, 40% 11-19 dB, 35% 19-23 dB, as a compromise.

	Additional PLoss
	Additional Ploss is influenced by devices being behind walls indoor, devices being in basements, devices being deep inside the building or devices at different floor levels.

How do we model Additional PLoss?

1) Vodafone proposal

Additional Ploss = max (Tor1, Tor3) – GFH (based on COST 231)

Tor1 = Wi*p, where Wi is the loss in internal walls (4-10 dB) and p is the number of penetrated internal walls.

Wi = 4-10 dB (no insulation internal walls)?

p =0, 1, 2 or 3 (with p =3 accounting for devices in basement also)?

Tor3 = alpha*d, where alpha is the penetration distance coefficient and d is the penetration distance.

Penetration distance = 0.6 dB/m?

D = [0-15m] uniformly distributed?

GFH = n*Gn, where Gn is the floor height gain per floor, n is the floor number

n = 0,1,2,3 or 4 (uniform distribution)?

Gn = 1.5 dB/floor ?

From Ericsson contribution [1]:

a) Proposes to assume that internal wall losses are independent
Comments
[Vodafone]: we believe that the losses should be dependent as internal walls would typically be made of the same material. 
[Ericsson] We believe that internal walls not necessarily are of the same material (for example comparing load bearing walls and non-load bearing walls). Furthermore, the position and direction of each individual wall in respect to the BS and MS will have an impact on the penetration loss. Hence we feel it seems justified to model internal wall loss as independent realizations from the same distribution. As seen below, it does not bring a large difference to the distributions, but seems like the correct modeling approach to take.
[Neul] In our view, internals wall losses will have significant correlation. For example, if one internal wall has a high loss construction then there is a significantly higher probability that a second internal wall will also have a high loss construction. Other correlations may also exist; for example, incident angle to multiple internal walls may be correlated. In the interests of avoiding an optimistic assumption, yet keeping a simple model, we propose assuming that internal wall losses are modelled as dependent.
b) Proposal that 25% of devices are either in basement or behind 3 internal walls is not realistic.

[Vodafone] Let’s assume that the 3 smart meters attached to a household are typically in the basement or hidden behind a number of walls.  Thus we can expect that at least 7.5 % of devices suffer deep penetration losses.

Out of the 40 devices attached to a household, assume that another 3 devices suffer deep penetration losses e.g. fire alarms in basement, temperature/humidity monitor in wine cellar. That’s another 7.5%.

We are probably OK to simulate 15% of devices as being in the basement or behind 3 walls.  This would leave 85% of devices equally split among n = 0, 1 or 2 walls i.e. roughly 28.3% for n=0 or 1 or 2. 

One way of simulating this split is by using a uniform random variable is as follows:

1) Generate number of internal walls uniformly among 0,1,2,3. This puts 25% of devices in the n = 3 case.

2) Out of those 25%, for 40% of devices for which n= 3, generate another uniform random variable for number of internal walls (n) among 0, 1, 2. 

Is the assumption of 15% devices as being behind 3 walls (or in basement) a realistic assumption?
Comments
The distributions below are for the two cases above and also considering the following:

1) Only 15% of devices are behind 3 walls (which also includes devices in basement)

2) Internal walls penetration loss values are the same for all walls or independently generated.
[Neul] We propose to retain a more conservative modelling assumption for the reasons stated in our introductory remarks at the start of this document. We propose to retain the assumption that 25% of devices are either subject to three internal walls or are in a basement. This category could also be regarded as including devices that are in very bad locations or are de-sensitised for some other reason, as discussed in our introductory remarks.
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Summary of   Discussions

General
Neul commented that they are OK to consider different types of buildings but the group should lean more towards pessimistic assumptions than optimistic ones for the following reasons:

1. Many devices will be at floor level and not at standard MS antenna height is 1.5 meters which is typically assumed for path loss measurements and models for conventional cellular systems. This means that path loss of CIoT devices will typically be worse than indicated by those studies and used for the proposed models.

2. Many IoT devices will be embedded in products with form factor limitations or attached directly to walls, and this is likely to result in compromises with respect to antenna gain. 

3. New commercial buildings may contain large numbers of IoT devices such as sensors, and these building types are likely to be at the higher end of the scale in terms of penetration losses due to their construction for energy efficiency. Similarly, rapidly growing cities in expanding regions of the world are likely to have much higher concentrations of modern buildings constructed using modern materials and techniques, which are likely to have higher penetration losses.

Approach for indoor path loss modelling
Approach 1

Path loss indoor = outdoor path loss (as per TR) + Building penetration loss (FFS)

Here the lognormal shadowing effect is part of the outdoor path loss and building penetration loss is modelling the additional loss caused by signals having to penetrate the building and internal walls.

Approach 2

Path loss indoor = free space path loss + excess in building loss (FFS if lognormal with mean 30 dB and Standard deviation 8 dB is appropriate)

Here the lognormal shadowing effect is included in excess in building loss, which also includes the effects caused by the building walls and internal walls
Summary of comments

Vodafone and Neul expressed their preference for Approach 1 on the basis that it is already based on standard 3GPP outdoor path loss model. Ericsson would like that Approach 2 is at least used to cross check that Approach 1 is not deviating significantly from the results obtained with Approach 2, at least for ‘old building types’ without the modern construction material.

Proposed way forward:

Continue to use Approach 1. Approach 2 may be used to cross check the results obtained with Approach 1 for old building types.
Combination of Outdoor and Indoor fading models

The following proposals need further discussion:

Proposal 4.1: It is assumed that the outdoor to indoor auto-correlation function f(d) = e-d/D (same as for outdoor and indoor).

Proposal 4.2: It is assumed that the decorrelation distance D is 5 m (in line with earlier 3GPP work)

Proposal 4.3: It is proposed that outdoor to indoor inter-site correlation is taken to be a value between 0 (indoor systems) and 0.5 (for outdoor systems) e.g. 0.25.

Fast Fading assumptions for link level and system level simulations

Is the following a common understanding of GERAN WG1?
1 Hz Doppler will model a non-stationary surrounding environment, but not a mobile device. For system level simulations we will use 0 Hz Doppler to model the stationary MS?
Details of Building Penetration Loss model for Approach 1
Basic Ploss (external Wall loss model)

Vodafone provided some information about statistics for house type distribution in UK and the level of insulation for those houses which may have a significant impact on the penetration loss as observed in [6].

However, no information was available about the penetration loss characteristics for the different house types. Vodafone made the following postulation for this by considering the construction materials used for UK houses and the results from [6] about observed penetration losses inside houses with different insulation types:

Case 1 (with assumption that only 4.9% of modernised houses with cavity wall insulation fall in the range 19-23 dB)
25 % houses uniformly distributed in range 4-11 dB (18. 9% houses with solid wall and no insulation, 3.1% of houses with cavity wall and no insulation,  and 3% houses with solid wall+ insulation)

65% houses uniformly distributed in range 11-19 dB ( includes ~55 % of houses with cavity wall& insulation but mostly double glazed, 7% solid wall with insulation &  3% cavity wall without insulation)

10% houses uniformly distributed in range 19-23 dB (5.1% modern houses, 4.9% of houses with cavity wall &insulation + triple glazing or better)
Case 2 (with assumption that only 19.9% of modernised houses with cavity wall insulation fall in the range 19-23 dB)

25 % houses uniformly distributed in range 4-11 dB (18. 9% houses with solid wall and no insulation, 3.1% of houses with cavity wall and no insulation,  and 3% houses with solid wall+ insulation)

50% houses uniformly distributed in range 11-19 dB ( includes ~40 % of houses with cavity wall& insulation, probably mostly double glazed, 7% solid wall with insulation &  3% cavity wall without insulation)

25% houses uniformly distributed in range 19-23 dB (5.1% modern houses, 19.9% of houses with cavity wall &insulation, possibly with aluminium backed insulation and/or  triple glazing or better)

Neul indicated that even the case of 19.9% of modernised houses falling in the range 19-23 dB is optimistic considering the fact that CIoT devices will tend to be on the floor, in commercial buildings which are of modern construction and against the wall. The following was proposed as further option:
Case 3 (with consideration  that CIoT devices will be  in modern commercial buildings, on the floor or embedded in objects and also to cater for other house type scenarios in modern cities where houses are mostly of modern type .)

25 % houses uniformly distributed in range 4-11 dB (18. 9% houses with solid wall and no insulation, 3.1% of houses with cavity wall and no insulation,  and 3% houses with solid wall+ insulation)

40% houses uniformly distributed in range 11-19 dB ( includes ~40 % of houses with cavity wall& insulation, probably mostly double glazed, 7% solid wall with insulation &  3% cavity wall without insulation)

35% houses uniformly distributed in range 19-23 dB (5.1% modern houses,  around 30 % accounting for modernised houses with cavity wall &insulation, possibly with aluminium backed insulation and/or  triple glazing or better, commercial buildings and to cater for the fact that many devices will tend to be on the floor or against walls)
Is case 3 acceptable?  Please note that case 3 only slightly shifts the distribution towards higher penetration losses compared to case 2 based on our simulations. We observed that  roughly 22% of devices have penetration loss >35 dB in case 3 compared to  roughly 20% in case 1. 
Additional path loss modelling due to internal walls and devices being in basement

The following model based on COST 231 model [2] seems to be agreeable with two open points for discussion:
Additional Ploss = max (Tor1, Tor3) – GFH (based on COST 231)

Tor1 = Wi*p, where Wi is the loss in internal walls (4-10 dB) and p is the number of penetrated internal walls.

Wi = 4-10 dB (no insulation internal walls)?

p =0, 1, 2 or 3 (with p =3 accounting for devices in basement also)?

Tor3 = alpha*d, where alpha is the penetration distance coefficient and d is the penetration distance.

Penetration distance = 0.6 dB/m?

D = [0-15m] uniformly distributed?

GFH = n*Gn, where Gn is the floor height gain per floor, n is the floor number

n = 0,1,2,3 or 4 (uniform distribution)?

Gn = 1.5 dB/floor ?
Open Point#1: What percentage of devices should be assume to be behind 3 walls or in basement.

Vodafone’s original proposal of 25% is considered too pessimistic from Ericsson’s perspective. Vodafone observed that a minimum of 15% would be acceptable but Neul argued that the percentage should remain at 25%.

Possible way forward: Can we assume 20% are behind 3 walls or in basement?

Open Point#2: Are the internal walls penetration losses dependent i.e. all have the same value or independent i.e. for each wall we generate a random variable between 4 and 10 dB?

Vodafone and Neul argued that the losses should be dependent since internal walls of a building are typically made of the same material but Ericsson argued that the losses should be independent since we can have different types of walls internally e.g. load bearing and non-load bearing walls and also the orientation of the walls might be different relative to the direction of signal arrival.
Possible way forward: Considering that this aspect does not have a significant impact on the distribution, can we resolve it with a show of hands?

Modelling of basic (external wall loss) and additional penetration loss (due to internal walls or device in basement)

Based on the agreements on basic and additional Ploss, we need to discuss whether we have one distribution to reflect the combination of basic  Ploss and additional Ploss or we model the basic Ploss and additional Ploss separately?
Proposed way forward: If a lognormal distribution provides a good fit, this seems to be the easiest approach. Otherwise, we propose to model the basic Ploss according to the agreed percentage split into the different external wall loss ranges (uniformly distributed)  and calculate the additional Ploss according to the proposed  model with agreed parameters. 
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