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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
Among the objectives in FS_IoT_LC one target is to achieve 20 dB improved coverage, as compared to legacy GPRS performance. To verify candidate proposals in the extended coverage range it is expected that both link level and system level simulations are performed as part of the FS_IoT_LC feasibility study. 
To support system level simulations GERAN needs to reach agreement on an accurate modeling of system level parameters such as e.g. Path loss, Shadow fading and Building penetration loss (BPL) models. At GERAN#63 common working assumptions were agreed on distance dependent path loss and shadow fading models [3]. At the FS_IoT_LC telco#4 discussions were initiated on Building penetration loss modelling [4], which continued at telco#5 [14] and on the GERAN mail reflector [1]. 
The purpose of this paper is to continue these discussions, starting with Section 2 where an alternative for modelling indoor signal strength is presented. In Section 3 comments to the BPL proposal [4] including proposed modifications in [1] is presented. Finally in Section 4 some general aspects considering modelling of slow and fast fading in outdoor to indoor systems are discussed.
[bookmark: _Ref401056711]Alternative modelling of indoor signal strength
[bookmark: _Ref401133767]Indoor signal distribution 
A popular approach when characterizing BPL is to perform relative measurements where an indoor signal strength is compared to an outdoor signal reference. Although attractive this approach may suffer from a weakness in that the outdoor signal reference is specific to the environment it was measured, and may even vary considerable over short distances. BPL measurements performed at one location may therefore display variations and not be directly applicable at another location.  This is exemplified in below Figure 1 that displays indoor and outdoor measurement results defined as median path loss values around a building in central Stockholm, Sweden. From the values shown it’s clear that the outdoor path loss values, of 74 and 98 dB, display higher variation than the indoor values.
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[bookmark: _Ref401133171]Figure 1 Median pathloss values in- and outside of building in central Stockholm.
This uncertainty is also illustrated in [6] where an alternative technique is proposed to characterize BPL. Instead of measurements relative an external signal level, the indoor signal strength is measured relative an absolute calculated Free space path loss, which is only dependent on the distance between the transmitter and receiver. This absolute measurement technique was used in [7] to determine the indoor signal levels of 5 different office buildings in Kista, a fairly dense suburb to Stockholm, at up to 600 meters distance from the transmitter. The results indeed show that the indoor signal strength can be characterized by a distance dependent Free space path loss component and a Lognormal distributed excess loss with average attenuation 30 dB and a standard deviation of 8dB. It’s believed that this absolute model is applicable to the system simulation scenarios agreed in GERAN, and may be considered as an alternative to the agreed path loss, shadow fading and in [4] proposed BPL model when modelling the path loss to indoor devices above ground in typical modern north European buildings. Comments from other companies on this alternative model are welcomed.
For devices located in basements and inside of modern energy efficient houses, such as characterized in [8], this model must however be expanded, or a separate model is needed. For the basement penetration loss (BAPL) limited literature seems to be available but in [10] Cox, et al., have measured a BAPL of 16.4 dB and recommend that "Because of the large average attenuation into the basement of the house, it does not appear reasonable to combine the basement attenuation statistics with the statistics for the rooms above ground level “. In [9] the BAPL is measured to 8.7 dB and 20.8 dB in residential basements and high rise basements, respectively, relative ground floor penetration loss.
[bookmark: _Ref401140291]Comments on the COST 231 NLOS proposal [4] & [1]
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The sourcing company has made an attempt to reconstruct the COST 231 NLOS proposal, i.e. BPL = We + Wge + max(Tor1, Tor3) – GFH, with the following assumptions based on the input in [4] & [1]; 
· We+Wge 
· Models external wall penetration loss.
· Loss spread according to three alternatives, case 1 and 2 proposed by Vodafone and case 3 proposed by Neul, as presented in Table 1.
[bookmark: _Ref403387023]Table 1 External wall penetration loss.
	
	Probability Distribution [%]

	We+Wge [dB]
	Case 1 
(Vodafone)
	Case 2 
(Vodafone)
	Case 3 
(Neul) 

	4 - 11
	25
	25
	25

	11 - 19
	65
	50
	40

	19 - 23
	10
	25
	35


· Tor1
· Models up to 3 internal walls with an assumed probability presented in Table 2. 
· Loss per wall uniformly spread in range 4 – 10 dB. 
· If more than 1 wall, the same loss per wall is proposed to be assumed by Vodafone and Neul.
[bookmark: _Ref403387880]Table 2 Distribution of walls.
	
	Probability Distribution [%]

	Number of walls
	Case 1 & Case 2 
(Vodafone)
	Case 3 
(Neul)

	0
	28.3
	25

	1
	28.3
	25

	2
	28.3
	25

	3
	15
	25


· Tor3
· Models internal walls in range 0 – 15 meters inside building.
· α = 0.6 dB/m.
· Total loss uniformly spread in range 0 - 9 dB.
· GFH
· Models gain per floor.
· 1.5dB gain per floor
· Number of floors uniformly spread in range 0 - 4 floors.

Figure 2 shows the result of the COST 231 NLOS proposal, implementing the three cases mentioned above in shape of CDFs. Case 3 is the most stringent due to its higher percentage external wall PL in range of 19 – 23 dB and devices behind 3 walls.
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[bookmark: _Ref403512326]Figure 2. BPL according to COST 231 NLOS proposals [4] & [1].
On the assumption for internal wall loss
The assumption on the internal wall loss range of 4 to 11 dB is taken from the reference [4], where it’s noted that concrete walls may give 7 dB attenuation while plaster walls results in 4 dB attenuation. The sourcing company believes that internal walls not necessarily are of the same material, consider for example concrete load bearing walls and non-load bearing plaster 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 the sourcing company proposes to model internal wall loss as independent realizations from the same distribution. Figure 3 illustrates Case 1 assuming dependent or independent internal wall penetration loss, and shows as a difference of up to 2 dB for the last few percentages of the CDF. 
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[bookmark: _Ref403488158]Figure 3 Comparison between dependent and independent internal wall PL.
	WA1: Internal wall penetration loss shall be modeled as independent realizations from the same distribution.


[bookmark: _Ref403490293]Assumption for external wall loss
The COST 231 proposal assumes an external wall penetration loss We+Wge up to 23 dB according to data from [8]. The upper limit of 23 dB is collected from the 95% percentile when measuring outer wall penetration loss in house 10. Due to the uncertainties related to the outdoor signal reference, as discussed in Section 2.1, it seems sensible to use the average measured value of 21.4 dB as upper limit. Compared to the results shown in Figure 2  this assumption leads for example in Case 1 to an average loss of 21.9 dB and a standard deviation of 8.1 dB.
	WA2: External wall penetration loss shall be limited to 21.4 dB, based on average values in [8].


More importantly measurements done by Ericsson in London during the mid-90s in more than 150 building’s in the 1800 MHz band show resemblance with the lower range of external wall PL proposed in Table 1. In these measurements buildings were categorized and the average BPL for each building in a certain category was recorded. Office blocks corresponded to the category that exhibited the highest BPL with an average BPL of 16 dB and a standard deviation of 9.0 dB. More details can be seen in Table 3.
[bookmark: _Ref403513410]Table 3. Building penetration loss – different building types
	Building type
	Average penetration loss [dB]

	Detached/Semi-detached house
	6

	Terraced house
	7

	Flat
	8

	Business park
	8

	High street shop
	14

	Office block
	16



Given these recordings the sourcing company proposes to use Case 1 for the modelling of external wall penetration loss. 
	WA3: External wall penetration loss shall be modeled according to Case 1 in section 3.1.1


Assumption for basement 
As mentioned in Section 2.1 little material seems to be available on BAPL. In [4] and [1] it’s mentioned that BAPL is modelled by devices behind 3 walls, meaning that these devices are exposed to an additional PL in the range of 12 (3x4) to 30 dB (3x10) compared to a device on ground floor. Although this range is not directly comparable to the results presented in [9] for residential basements (8.7 dB) and high rise basements (20.8 dB) it seems to be in the same ballpark.
On the amount of devices located in basements, the FS_IoT_LC study assumes 40 devices per home. In the proposals on the table, six and ten of these devices are located in the basement for Case 1 and 2, and Case 3 respectively. The sourcing company envisions that typically utility meters (gas, water, electricity, heating) are found in basements and believes that six devices per household is beyond what can be typically expected but still a reasonable number.
	WA4: Number of devices behind three walls shall be modelled according to Case 1 in section 3.1.1.


[bookmark: _Ref401136530]Modeling of indoor and outdoor users
Impact from outdoor shadow fading on indoor fading
GERAN typically targets outdoor systems where we combine a distant dependent path loss model with a slow shadow fading and a fast Rayleigh fading model. For the outdoor to indoor system targeted in FS_IoT_LC  GERAN has so far not discussed on how to combine the agreed outdoor model with the BPL. If e.g. just adding the agreed outdoor model with a shadow fading standard deviation of 8 dB [2] to the COST 231 proposal [4] as implemented for Case 1 in Section 3.1.1 then the distribution around the distant dependent path loss will be as shown in Figure 4. It can be seen that the standard deviation increases significantly to 11.4 dB. This figure can for example be compared to the excess loss distribution proposed in [7] and mentioned in Section 2.1, where a standard deviation of 8 dB was observed. 
In summary, the sourcing company encourages a discussion in GERAN on how to combine outdoor and indoor fading models.
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[bookmark: _Ref401139423]Figure 4 COST 231 proposal [4] combined with Lognormal Shadow fading with standard deviation of 8dB.
Indoor signal correlation properties
For the outdoor shadow fading component typically modeled in GERAN it is expected that assumptions are needed for the BPL (or excess loss) distant dependent auto-correlation function f(d), the decorrelation distance D, and the inter-site correlation.
In outdoor systems the auto-correlation function is typically defined as f(d) = e-d/D, where D equals the decorrelation distance D. In [11] it is shown that also indoor systems follow this equation. No material has been found on outdoor to indoor systems, but is seems justified to assume that also in this case an auto-correlation function f(d) = e-d/D.
	WA5: The BPL auto-correlation function is modeled as f(d) = e-d/D.



The decorrelation distance D determines the distance over which slow fading correlation approaches e-1, and is intended to capture the dimensions of the environment in which a device is deployed. For indoor devices it can be assumed to be in the range of meters. In [12] a distance of 5 meters is mentioned while in in [11] smaller distances of around 2 meters seems to be applicable. To align with earlier 3GPP work it seems sensible to align with the 5 meter assumption.
	WA6: A BPL de-correlation distance of 5 meters is assumed.



The inter-site correlation has for the case of outdoor shadow fading been agreed to 0.5. For indoor systems it has been shown in [11] that no correlation can be expected for indoor systems, with an exception for some special cases. Hence, it seems reasonable to assume that the outdoor to indoor inter-site correlation lies somewhere in between 0 and 0.5, e.g. at 0.25. 
	WA7: The BPL inter-site correlation coefficient shall be 0.25.


Conclusion
This contribution has made an attempt to deal with open questions that needs to be answered before system simulations can be executed in the scope of the FS_IoT_LC study. Seven working assumptions have been proposed to facilitate the start of the system simulation work:
	WA1: Internal wall penetration loss shall be modeled as independent realizations from the same distribution.

	WA2: External wall penetration loss shall be limited to 21.4 dB.

	WA3: External wall penetration loss shall be modeled according to Case 1 in section 3.1.1

	WA4: Number of devices behind three wall shall be modelled according to Case 1 in section 3.1.1.

	WA5: The BPL auto-correlation function is modeled as f(d) = e-d/D.

	WA6: A BPL de-correlation distance of 5 meters is assumed.

	WA7: The BPL inter-site correlation coefficient shall be 0.25.
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