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1. Background and introduction
In 3GPP TR 38.900 [1], Los probability model of Indoor-open office scenario has been approved for above 6 GHz. It is different from the Los probability of Indoor Hotspot (InH) scenario defined in ITU-R M.2135 [2] for below 6GHz. 12 sites are deployed in the layouts of indoor-open office in TR 38.900 whereas 2 sites are deployed in InH in ITU-R M.2135. In 3GPP 38.802 [3], three cases of candidate TRP numbers are defined for InH system level evaluation, which are 3, 6, and 12 sites. The los probability of 3 TRPs and 6 TRPs are still vacant.  

In this contribution, we analyze the Los probability of different numbers and deployment of sites and compare the Los probability models of TR 38.900 and ITU-R M.2135. 
2. Los probability Simulation and Analysis
2.1. Los probability Simulation Configuration
Network layout
The layout of InH in ITU-R M.2135 and Indoor–open office in 3GPP TR 38.900 are the same. The only difference is the number and locations of base stations, as illustrated in Figure 1. Red circles are base stations. And the blue dots are UEs’ positions which are randomly dropped.
Two sites are placed in the middle of the hall at 30 m and 90 m with respect to the left side of the building in the network layout of InH scenario defined in ITU-R M.2135. For Indoor office scenario in TR 38.900, twelve sites are placed with the ISD of 20 meters.
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Figure 1. Layout of InH in ITU-R M.2135 2 –site (Left), Indoor office in TR 38.900 12-site(Right).
In 3GPP TR 38.802, three cases of candidate TRP numbers (3, 6, 12) are defined for indoor hotspot scenario. Also, InH layout of 3-site deployment is defined in 3GPP 38.802, as shown in Figure 2. 
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Figure 2. Layout of InH with 3-site deployment.

As for 6 TRPs, no deployment layout is not given in 3GPP 38.802. Two kinds of site deployment are considered as illustrated in Figure 3. One is that 6 TRPs are deployed uniformly in the central line with ISD of 20 m namely 6a, as shown in Figure 3 (left). The other is that 6 TRPs are deployed in two rows namely 6b, as illustrated in Figure 3 (right) . In each row, there are 3 sites with ISD of 40 m. 
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Figure 3. Layout of InH with 6-site deployment in the horizontal central line (left, 6a), in two rows and 3 sites in each row (right, 6b).

In the Los probability simulation, 5000 users (blue dots) are random generated.
Los Probability calculation procedure
1. Generate the layout

2. Generate the locations of sites (base station)

3. Generate 5000 random located users

4. Calculate the Los/Nlos state of each user with respect to each site

5. Calculate the T-R distance between each user and each site
6. Calculate the proportion of Los state users for each T-R distance (the T-R distance interval is set to 1m)

2.2. Los probability comparison
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Simulation results of 2 sites

ITU-R M.2135 InH
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Simulation results of 12 sites

TR38.900 Open Office


Figure 4. Simulation results of Los probability for InH in ITU-R M.2135 2-site (left), Indoor office in TR 38.900 12-site(Right).
From the Los probability simulation results, we can observe that both Indoor Los probability models for ITU-R M.2135 and TR38.900 fit the simulation results well, respectively. This interprets that under the same environment, the Los probability is strongly related to the distribution of site locations.
Observation : Under the same environment, different deployments of BSs (number and positions) will impact the los probability , while current 38.900 adopts same LoS probability for all deployments of BSs, which may impact simulation accuracy.
Considering the InH layout for 3 sites defined in 3GPP 38.802, Los probability simulation results are illustrated in Figure 5. It is obvious that the Los probability function of ITU M.2135 fits 3-site deployment results better than that of 3GPP 38.900. 
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Figure 5. Simulation results of Los probability for InH of 3-site deployment.

Proposal 1: For 3TRPs deployment, the los probability of InH in M.2135 are proposed to be used indoor case in TR38.802.
Considering the 2 layouts of 6 sites illustrated in Figure 3, los probability simulations are carried out. And the results are illustrated in Figure 6. For the case 6a, the simulated Los probability is close to ITU-R M.2135 model. for the case 6b, the simulated Los probability results are close to TR 38.900 Indoor Open office Los probability model. 
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Figure 6. Simulation results of Los probability for InH in the horizontal central line (left), in two rows and 3 sites in each row (right).

Proposal 2: For the Case 6a (6 BSs on one line in Figure 3), the los probability of InH in M.2135 are proposed to be used for 6 TRPs indoor case in TR38.900. For the case 6b (6 BSs on two lines in Figure 3), the los probability of Indoor open office in TR38.900 is proposed.
Proposal 3: For 12 TRPs deployments, reuse 38.900 LoS probability.

For the simplicity, both proposal 1 and 2 are suggesting to reuse the results from M.2135 and TR38.900. We also provide the specific los probability of each case in the annex for the reference.
3. Conclusion
In this contribution, we present the Los probability simulation results for InH in TR 38.900 and ITU-R M.2135. under the same simulation method, we analyze the los probability of indoor hotspot with 3 and 6 TRPs in TR38.802. Observations and proposals are as follows.
Observation : Under the same environment, different deployments of BSs (number and positions) will impact the los probability, while current 38.900 adopts same LoS probability for all deployments of BSs, which may impact simulation accuracy.
Proposal 1: For 3TRPs deployment, the los probability of InH in M.2135 are proposed to be used indoor case in TR38.802.
Proposal 2: For the Case 6a (6 BSs on one line in Figure 3), the los probability of InH in M.2135 are proposed to be used for 6 TRPs indoor case in TR38.900. For the case 6b (6 BSs on two lines in Figure 3), the los probability of Indoor open office in TR38.900 is proposed.
Proposal 3: For 12 TRPs deployments, reuse 38.900 LoS probability.
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Annex
In the annex, we present the Los probability calculated according to the deployments in Figure 2 and 3, which certainly is slightly different from the los probability in M.2135 and TR38.900. 
Los probability of 3 TRPs
The fitted Los probability functions of3-site deployment are illustrated in Figure A.1.

[image: image11.emf]0 10 20 30 40 50 60 70 80 90

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

T-R distance (m)

Los Probability

 

 

Simulation results of 3-site
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Figure A.1. Simulation results and of Los probability fitted model for InH with 3-site deployment.
The best fitted Los probability model is expressed as


[image: image12.wmf]2D

LOS2D2D

2D2D

1,16

exp((16)/32),1639

exp((39)/302)0.49,39

d

Pdd

dd

£

ì

ï

=--<£

í

ï

--×>

î


Los probability for 6 TRPs
The fitted Los probability functions of two kinds of 6-site deployment are illustrated in Figure A.2.
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Figure A.2. Simulation results and of Los probability fitted model for InH with 6-site deployment in the horizontal central line (left, 6a), in two rows and 3 sites in each row (right, 6b).
Los probability for 6 TRP, Case 6a
The best fitted Los probability model is expressed as
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Los probability for 6 TRP, Case 6b
The best fitted Los probability model is expressed as
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