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1. Introduction

In this contribution we focus on Rel-12 Small Cell (SC) Scenarios 2b and 3, where the SCs are located inside building constructs. For scenario 2b, it is assumed that the SCs are deployed on one or multiple carriers at 3.5. GHz, while the macro is deployed at 2 GHz. In order to have realistic modelling of dense urban scenarios, the building constructs with indoor SC shall be represented by densely deployed multi-floor building blocks. Hence, using multiple dual-stripe constructs seems reasonable, and more representative than using the simplified ITU indoor hotspot model with only one or two floors without representation of indoor walls.
Our focus in this contribution is therefore on the modelling of dual-stripe cases for Rel-12 SC scenario 2a and 3. The dual-stripe model as defined in 3GPP TR 36.814 is taken as a starting point, followed by a number of amendments to increase the realism of the model. The rest of the contribution is organized as follows: In Section 2 we summarize the currently defined dual-stripe model, as well as the path loss model amendments that we propose. Section 3 includes further justification for the proposed amendments, as well as proposals for default values of indoor SC density for sparse and dense deployments. Section 4 contains further suggestions related to clustering models, as well as discussions on simulation complexity and related relaxations to optimize simulation time. Finally, the contribution is concluded in Section 5 with a summary of our main recommendations.
2. Dual-stripe model summary
Table I summarizes the path loss models for the dual-stripe model as currently defined in Table A.2.1.1.2-8 in 3GPP TR 36.814. The dual-stripe model is defined for up to 10 floors so it is a suitable model for typical multi-floor buildings in dense urban scenarios, including Rel-12 small cell scenarios 2b and 2.
Table I: Summary of path loss models for the dual-stripe model as defined in 3GPP TR 36.814, Table A.2.1.1.2-8.
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Table II summarize the modified path loss models that we recommend to consider for Rel-12 SC Scenario 2b and 3. The updates compared to Table I are highlighted with red text, and can be summarized as follows:
· The outer wall outdoor-2-indoor penetration shall be higher for 3.5 GHz as compared to 2 GHz. Field measurement results show 5 dB higher penetration loss at 3.5 GHz. We therefore propose to have Low(2GHz)=20 dB and Low(3.5GHz)=25 dB. It is important to have modeled this higher penetration loss at 3.5 GHz for SC to outdoor UEs, and SC to indoor UE in other buildings. As macro is operated at 2 GHz, the macro path loss is not affected.
· Modifications of the SC to indoor UE path loss model in line with suggestions from Qualcomm (R1-130591), as well as removing the floor penetration for SC to outdoor UE, and SC to indoor UE in other building. The latter is motivated by the fact that the dominant propagation path from in SC to outdoor UE is often from the SC to the nearest outer wall (on the same floor), and down to the outdoor UE.  
· Adding indoor UE path loss for macro to indoor UE model, where d’2D,indoor equals the shortest distance from UE to nearest outer wall. Notice from Table II that we propose 0.6 dB/m, but the value could also be adjusted to 0.5 dB/m to be in better alignment with the assumptions for the ITU indoor hotspot model. 
· The path loss shall be approximately 5 dB higher for 3.5 GHz as compared to 2 GHz.
· In line with observations in [1]-[4], UEs at higher floors typically experience higher received signal strength from the macro as compared to UEs at lower floors. A simple model to capture this effect is to assume a height gain of 1.1 dB/meter for elevated indoor UEs. Thus, the macro-2-indoor-UE model in Table II is modified by including this term, where Hue is the UE antenna height relative to the reference height of 1.5 meters (UE at ground floor).
Table II: Summary of modified path loss models for the dual-stripe model.
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We assume that Small Cells (SC) are distributed randomly within each dual-stripe construct, with maximum one SC per apartment of 10x10 square meters. The probability of having a SC in an apartment is denoted P_sc. Similarly, indoor UEs are assumed to be randomly distributed in the dual-stripe construct according to a spatial uniform point process, with equal probability per floor. 
3. Further justification for the dual-stripe proposal
In order to further illustrate the effect of the proposed amendments, we present a few example performance results in the following. We start with the results for Scenario 2b, where macro and SCs are deployed at 2 GHz and 3.5GHz, respectively. A single dual-stripe building construct with 6 floors is simulated. Fig. 1 shows the fraction of indoor UEs that have a SC as their serving cell. This is plotted versus the SC deployment density P_sc. Here it is observed that in order to have 50% of the indoor UEs served by the SCs, a SC density of 0.05 (5%) is required. Similarly, in order to have high percentage (85%) of the indoor UEs on SCs, a SC density of 0.20 (20%) is required. We therefore propose that the default SC density for sparse and dense deployments equals 0.05 and 0.20, respectively. Note that it is desirable to have defined the SC density (rather than the absolute number of SCs) for sparse and dense, as it then become scalable for different dual-stripe building sizes; e.g. number of floors.
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Fig. 1: Statistics for fraction of indoor UEs on Small Cell (SC) layer versus the SC density for scenario 2b.
Fig. 2 shows the fraction of indoor UEs served by the SCs at different floors. The statistic is shown for both sparse (left plot) and dense (right plot) SC deployments. It is worth noticing from these results that the fraction of indoor UEs served by the SCs is increasing slightly for the current dual-stripe model in 3GPP TR 36.814. However, for the modified dual-stripe model (Table II), we see a clear trend of having fewer indoor UEs connected to the SCs at higher floors. This is also what is observed in reality, and is an effect of including the so-called height gain for the received macro signal by UEs at higher floors. The results in Fig. 2 therefore clearly shows the importance (and corresponding effect) of having the height gain included.
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Fig. 2: Statistics for fraction of indoor UEs on Small Cell (SC) layer at different floors for scenario 2b. Plot on the left is for sparse SC deployment, while the plot on this right is for dense SC deployment.

Furthermore, for Scenario 2a, the percentage of outdoor UEs served by the indoor SCs is found to be close to zero if including the 5 dB higher outer-wall penetration loss for 3.5 GHz. If the 5 dB higher penetration loss is not included, then approximately 3% of the outdoor UEs end up being served by the indoor SCs.
For Scenario 3 there is no carrier with macro eNBs, only the SC layer is simulated. The SC density for Scenario 3 shall therefore be selected to have full indoor coverage from the SCs. Fig. 3 shows the cumulative distribution function (cdf) of the single-antenna signal-to-noise-ratio (SNR) for indoor UEs for different SC densities (values in the legend). Assuming that the SNR shall always be larger than -5 dB, these results indicate that the lowest SC deployment density shall be at least 0.10 (10%). We therefore propose that the default value of the SC density for Scenario 3 with sparse deployments is set to 0.10. 
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Fig. 3: Cumulative distribution functions (cdf) of downlink wideband single-antenna signal-to-noise-ratio for different deployment Small Cell deployment ratios.

Notice that Fig. 3 only shows the cdf of the SNR, i.e. no interference. So for cases with multiple SC transmitting at the same resources, the SINR will naturally be lower than the SNR, depending on the type of UE receiver, the applied interference coordination techniques between SCs, offered traffic, etc..
3. Clustering and Simulation Optimizations

It is proposed to have a case with a single dual-stripe cluster as the default. That is a case with single dual-stripe construct, consisting of two parallel building blocks with dimension 2x10 apartments (size 10x10 meters per apartment) and 6 floors. This results in 240 apartments, so SC densities of 0.05 (sparse) and 0.20 (dense) results in an average number of indoor SCs of 12 and 48 SCs per dual-stripe construct. Secondly, we support also having simulations with 2 or 3 dual-stripe constructs, placed so they are parallel and having the same orientation with only 10 meters distance between building blocks. The purpose of allowing simulations with multiple closely deployed dual-stripe constructs would be to study in more details the effect of “cross building SC interference”.
For Scenario 2b, it is proposed to allow simulations where the dual-stripe building construct(s) only appear in the centre macro cell(s). Other macro cells can be simulated without dual-stripe. This is considered a feasible approach, since the interference coming from SCs in one building to indoor UEs in another building is negligible if buildings are located far from each other. Furthermore, given that the SCs for Scenario 2b are at 3.5 GHz, the building-to-building interference effect is further suppressed by having 5dB higher outer-wall penetration loss as compared to cases where SCs are deployed at 2 GHz.
4. Concluding remarks

In order to have realistic modelling of dense urban scenarios, the building constructs with indoor SC shall be represented by densely deployed multi-floor building blocks. Hence, using multiple dual-stripe constructs seems reasonable, and more representative than using the simplified ITU indoor hotspot model with only one or two floors without representation of indoor walls. The following is proposed for the dual-stripe cases:

· Indoor SCs are placed randomly within each dual-stripe construct, assuming probability P_sc of having a SC per apartment of 10x10 square meters (maximum one SC per apartment):
· Proposal 1: For Scenario 2b, we propose P_sc=0.05 and P_sc=0.20 for sparse and dense SC deployments, respectively. This corresponds to cases where approximately 50% and 85% of the indoor UEs will be served by the SCs.
· Proposal 2: For scenario 3 (without macro-layer), it is proposed that P_sc equals at least 0.10 in order to have full indoor SC coverage.
· The default is to simulate single dual-stripe building construct consisting of two parallel building blocks of 2x10 apartments with 6 floors.
· Secondly, we support also having simulations with 2 or 3 dual-stripe constructs, placed so they are parallel and having the same orientation with 10 meters distance between building blocks.
· For Scenario 2b, it is proposed to allow simulations where the dual-stripe building construct(s) only appear in the centre macro cell(s). Other macro cells can be simulated without dual-stripe.

· Following amendments are proposed for dual-stripe path loss model in order to improve the realism:
· The outer wall outdoor-2-indoor penetration shall be higher for 3.5 GHz as compared to 2 GHz. Field measurement results show 5 dB higher penetration loss at 3.5 GHz. We therefore propose to have Low(2GHz)=20 dB and Low(3.5GHz)=25 dB. See measurement results in R1-131233 confirming this proposal. 
· Adjustment of SC to indoor UE path loss model in line with suggestion from Qualcomm (R1-130591), as well as removing the floor penetration for SC to outdoor UE, and SC to indoor UE in other building. 
· Adding indoor UE path loss for macro to indoor UE model, where d’2D,indoor equals the shortest distance from UE to nearest outer wall. Notice from Table II that we propose 0.5-0.6 dB/m. 
· The path loss shall be approximately 5 dB higher for 3.5 GHz as compared to 2 GHz.
· UEs at higher floors typically experience higher received signal strength from the macro as compared to UEs at lower floors. A simple model to capture this effect is to assume a height gain of 1.1 dB/meter for elevated indoor UEs. 
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