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1. Introduction

The LTE Rel-10 and Rel-11 studies included a lot of system level HetNet simulations for various work and study items, mainly being based on the simulation assumptions outlined in 3GPP TRs 36.814 [1] and 36.839 [2]. These simulations proved useful for the Rel-10 and Rel-11 standardization work, and are generic in the sense that they are applicable for both co-channel cases and deployment where macro and small cells are at different carriers. However, for the Rel-12 studies, we recommend to have further updated the simulation assumptions in order to more accurately reflect real-life deployment characteristics and to be in full alignment with requirements defined in 3GPP TR 36.932. However, the starting point for Rel-12 small cell simulation assumptions should be based on [1]-[2], including only enhancements that are believed to make a noticeable difference on the performance and related Rel-12 standardization decisions, and to be in line with 3GPP TR 36.932.
In summary we suggest the following main enhancements to be considered:

· Enhanced modelling of case with outdoor smalls and indoor UEs in multi-floor buildings.

· Cases with higher order sectorization at the macro-layer

· Modelling enhancements for higher frequency layers

In addition to those, we also shortly discuss the key performance indicators to be used for Rel-12 HetNet performance studies (including small cell enhancement studies).
3. Enhanced modelling for outdoor small cell cases
The defined cases in [1]-[2] for macro with outdoor pico assume that UEs are always positioned at ground level, and therefore 3D antenna modelling is only applied for macro-cells, while a simpler 2D antenna modelling is assumed for picos. However, for Rel-12 studies, we recommend to further enhance the modelling to also include cases where UEs are placed inside multi-floor buildings while being served by either outdoor macro or pico as illustrated in Fig. 1. This could of course also be combined with cases where indoor small cells are included as well. For the case pictured in Fig. 1, the following two effects have been found to be important from field trial measurements:

· Macro-cell signal height gain: UEs on higher floors typically experience higher received signal strength as compared to UEs at the low floors. 
· Pico-cell signal height loss: UEs on high floors typically experience lower received signal strength from outdoor deployed pico (say deployed at 5 meters height), as compared to UEs positioned at lower floors.

These two effects are clearly likely to have an impact on the performance results, and are therefore recommended to be included in Rel-12 small cell simulation assumptions. In fact, these two effects can be relatively easily added to the existing models in [1]-[2] as follows:
· Macro-cell signal height gain: We simply propose to continue using the standard macro path loss models from [1], but with the addition of an additional height gain of 1.1 dB per meter that the UE is elevated above ground level. This is a rather simple model, motivated by field measurements reported in [3]-[6]. 
· Pico-cell signal height loss: The effect of experiencing lower received pico signal at higher floors is proposed to simply be modelled by update the pico antenna modelling from 2D to 3D. Here we propose to continue assuming omni directional pico antenna pattern in azimuth, while assuming 70 degree half-power beamwidth for the elevation pattern (using same antenna pattern equations as for macro in [1]). But, also the steep angle for the pico signal to higher floors can results in an additional indoor diffraction loss, which need further modelling considerations (FFS).
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Fig. 1: Basic illustration of outdoor macro and pico serving indoor UEs in multi-floor buildings

The actual multi-floor building structure could be based on the existing dual-stripe building model (or a variant of this model) as already defined in [1]. This includes cases with up to ten floors
, which is considered sufficient for Rel-12 studies. Multiple building structures per macro-cell shall be allowed. An example of combining the case with outdoor pico and dual-stripe is pictured in Fig. 2. Here we would just need to agree on a number of representative cases where the placement of picos relative to the dual-stripe structure is fixed, say few cases with different number of picos per dual-stripe structure. In line with TR 36.932, it needs to be defined how many small cells are present for cases with sparse and dense small cell deployments. As a tentative proposal, sparse deployment could include cases with ~4 small cells per macro cell area, while dense scenario could include clusters with ~10 small cells. Exact details are FFS. Modified dual-stripe blocks (say e.g. multi-floor building structures of 40x40 meters) could be used to form Manhattan type of cases.
For the Rel-12 small cell studies (incl. the small cell enhancements), we propose to continue assuming 30 dBm output power from the outdoor deployed small cells (picos). However, cases with 37 dBm Tx power shall also be allowed. The motivation for the former is two-fold: 
(i) Field measurements have shown that indoor coverage from outdoor small cells is much better if using 37 dBm Tx power as compared to 30 dBm. According to the LTE HetNet field-trial results reported in [6], the indoor coverage is reduced by 20-35% if using 30 dBm as compared to 37 dBm.  
(ii) Rel-11 includes a new medium range base station class with up to 38 dBm Tx power antenna port.
Notice also from TR 36.932 that following text appears “allowing for reduced base station implementation cost, considering e.g. relaxation of RF requirements in small cell scenarios”. It is FFS if the former should lead to simulations also with other small cell Tx power settings, and/or other modelling enhancements.
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Fig. 2: Proposal for combining HetNet case with outdoor picos and UEs inside dual-stripe building structures. Note this is only an example, could also be based on multiple dual-stripe building structures with other dimensions, e.g. having building blocks with 40x40 meters to model Manhattan type of scenario.
Given these considerations, the following is proposed:
· Adopt enhanced scenario with outdoor picos and indoor UEs in multi-floor buildings. Building structure could be based on the dual-stripe model (or a variant of this model), reusing the same propagation models as in 36.814 [1]. UE received signal from macro should be increased by 1.1 dB per meter that UE is above ground level (height gain modelling). 3D antenna modelling shall be used for picos with 70 degree half-power elevation beamwidth and omni-directional in azimuth. Pico (small cell) output equals 30 dBm or 37 dBm.
4. Higher order sectorization for macro-layer
Nearly all the 3GPP system level simulations have in the past been assuming a regular 3-sector macro layout. However, as the offered traffic increases, one of the simplest methods upgrading the network capacity is to migrate from 3-sector to 6-sector macro installations for sites where this is practically feasible. Upgrading from 3-sector to 6-sector have proven to give attractive gain vs complexity, and may therefore happen for some areas before deploying  small cells for additional capacity upgrades.

From a radio performance point view, it is worth high-lighting following performance difference between 3-sector and 6-sector cases:
· There is typically higher overlap between intra-site sectors for the 6-sector cases. This means in general higher interference level, but also changes to the dominant interference ratio experienced by UE (e.g. likely to influence on gains of UE interference suppression/cancellation gains).
· Number of handovers is typically found to be 25%-40% higher for the 6-sector case, and optimal handover parameterization is different as compared to the 3-sector scenario.

· For HetNet cases (macro+small cells), UEs connected to small cells are likely to see higher number of macro candidate cells for the 6-sector scenario as compared to 3-sector case. Thus, may e.g. influence on the optimal design and performance of potential dual connection solutions, etc.

· Due to the change in SINR footprint when migrating from 6-sector to 3-sector, the gains and optimal solutions for interference management may also be affected.


Given these observations, we recommend to have included a scenario option with 6-sector macro-layer in Rel-12 small cell simulation scenarios. Our proposal is to add the 6-sector case in addition to the 3-sector cases. Evaluating the performance, and various Rel-12 feature gains, for the 6-sector case should help ensure that we standardize scalable solutions that are not only tailored to 3-sector scenarios. Scenarios with 3-sector macro-layer could continue to be the default assumption, so our intention is not to mandate that all simulations are repeated for both 3- and 6-sector macro.
To be more specific, we propose the following:

· Include a case with regular grid of 6-ector macro sites with 500 meters ISD. The azimuth half-power beamwidth is suggested to be 40 degrees, and the broadside antenna gain shall equal 17 dBi (i.e. 3 dB higher than the antenna gain for the 3-sector case due to the narrower beamdwidth). Front-to-back ratio, elevation beam pattern, and default tilt values can be the same as for the 3-sector cases in 36.814 [1].

5. Modelling enhancements for higher frequency bands
One of the deployment scenarios for Rel-12 small cells is to have those operating at higher frequency bands such as the 3.5 GHz band [TR 36.932]. The current simulation assumptions in [1]-[2], are currently defined for 2GHz, and therefore needs to be enhanced to also cover the 3.5GHz band. For the sake of simplicity, we assume to use the same modelling assumptions for small scale fading (rate of change should of course be relative to the wavelength), delay- and azimuth-dispersion, and shadow fading, independent of the carrier frequency. Thus, we only propose to have changed the distance dependent path loss model as a function of the carrier frequency. The currently applied 3GPP path loss models in [1]-[3] take the form of PL=A+Blog10(d), where parameters A and B are constants. Based on the propagation literature (see e.g. [3]), mainly A is depending on the carrier frequency, while B is less sensitive to the carrier frequency. We therefore propose to agree on the addition to A for the 3.5 GHz case as compared to the currently defined values of A in [1] for 2GHz, and otherwise use same path loss models. As a tentative, indication, it appears that A should be in order of 5-8 dB higher for the 3.5. GHz cases as compared to 2 GHz. However, before fixing this assumption, it should be further studied.

When changing the carrier frequency from 2 GHz to 3.5 GHz, in principle also other parameters such as the  antenna gain and penetration losses (both outdoor-to-indoor and indoor wall penetration losses) depends on the carrier frequency. In theory, if the physical size of the antenna is fixed, the antenna gain will be higher at higher frequencies due to its larger aperture size as compared to the wavelength. However, it depends very much on the actual antenna design (e.g. on how the antenna is feed), so it is non-trial to conclude on how the antenna varies depending on the carrier frequency. For interference limited Rel-12 small cell interference limited scenarios, we could for the sake of simplicity use the same antenna gains as in [1] independent of the carrier frequency. However, for cases with sparse deployment of small cells on a dedicated carrier (i.e. one of the cases listed in TR 36.932), more accurate modelling of  antenna gains as a function of the carrier frequency would be more important. That is, 14 dBi for 3-sector macro, 5 dBi for pico, and 0 dBi for UEs. Whether the penetration loss shall be different for 2 GHz and 3.5 GHz is FFS.
These considerations are summarized in the following proposal:

· For simulations at the 3.5 GHz band, the same modelling assumptions as defined in 36.814 can be used. Only the path loss model needs to be modified. The path loss model takes the form PL=A+Blog10(d), and here value of A is recommended to be roughly 5-8 dB larger for 3.5. GHz as compared the 2 GHz case (exact value is FFS). Parameter B can be assumed to be the same for 2 GHz and 3.5 GHz. FFS if penetration losses shall be different for 3.5GHz and 2 GHz.
6. Comments on indoor small cell scenarios
In addition, we have the following observations related to Rel-12 scenarios with indoor small cell deployments:
· Cases with indoor small cells can be based on the dual-stripe model in 36.814. This includes cases with up to ten floors and 40 apartments per floor, so considered sufficient to also simulate dense indoor small cell cases in Rel-12. In addition, also other previously used 3GPP HeNB simulation scenarios could be re-used, as well as the WINNER indoor office model, i.e. case with corridor and multiple offices per floor [7].
· In line with Rel-10/11 studies, we recommend to assume 20 dBm transmit as the default for value for indoor small cells, assuming 0 dBi antenna gain.
· For dynamic system simulations with mobility, it is suggested to mainly rely on assumptions from the Rel-11 SI on HetNet mobility, i.e. see TR 36.839 [2]. However, a model for indoor UE movement is missing from TR 36.839, so a new model needs to be agreed. We recommend that this is left for RAN2 to decide as mobility simulations are mainly assessed in this working group.

The above quoted simulation cases with indoor small cells can be parameterized to cover both cases with sparse and dense small cell deployments. Taking the dual-stripe case as an example, sparse deployment could be defined as the case with only 2-4 small cells per floor, per building block, while dense deployment could refer to cases with 10+ small cells per floor. Note that the mentioned numbers of small cells per floor for sparse and dense deployments are only examples, so exact definitions are to be further discussed and agreed.
7. KPIs, traffic models, and related link simulations
The key performance indicators (KPIs) defined in [1]-[2] shall be used as a starting point also for the Rel-12 small studies. Those KPIs are in alignment with those listed in Section 8 of TR 36.932. Those are defined sufficiently generic to be valid for different deployments, i.e. independent on whether co-channel deployment or dedicated carrier deployment is assumed. A few examples of the generally used KPIs from [1]-[2], are listed here for the sake of convenience:
· Various end-user throughput measures: Both defined per cell layer, independent of cell layer (e.g. global percentile user throughput values at 5%-ile, 50%-ile, 95%), average area throughput, etc.

· Cell association ratios (percentage of UE on different cell type)

· Statistics like G-factor, SINR, Tx power, Rx power, etc

· Mobility KPIs like ping-pong. RFL, handover failure, number of handover operations per UE per hour, UE power consumption from performing inter-frequency measurements, etc…


However, if a need for new KPIs as compared to those in [1]-[2] is identified, then new KPIs could of course be added as well.

As mentioned in 3GPP TR 36.932 (Section 6.3):

· “Both uniform and non-uniform traffic load distribution in time-domain and spatial-domain should be considered. Non-full buffer and full buffer traffic are both included, and non-full buffer traffic is prioritized to verify the practical cases. More detailed evaluation methodologies should be studied in working group level in subsequent physical layer and high layers SIs of small cell enhancement.”

Given this starting point, we propose to first use the well-known finite buffer traffic with homogenous Poisson call arrival. This model has been used in numerous Rel-10 and Rel-11 performance studies. The spatial distribution of UEs will have to be defined per scenario. E.g., for scenario with multi-floor buildings, it needs to be defined how users are distributed indoor and outdoor, etc. 
In addition to system level simulations, link level simulations are required for efficient evaluation of various L1 features, especially during early or intermediate phase of the feasibility study. We see that link level simulation assumptions should be in line with the agreed system level simulation assumptions and preferably derived from them. Of course, some other assumptions need also be made for link level simulations. If assumptions outlined in [1] and [2] are agreed with necessary modelling enhancements, we propose as recommended assumptions for small cell link level simulations:

· Pico eNB has either 2 tx / 2 rx or 4 tx / 4 rx antenna ports.
· Carrier frequency: 2 GHz and/or 3.5 GHz. Simulation assumptions in [1] are defined for 2 GHz, while TR36.932 contains higher carrier frequencies such as 3.5 GHz in deployment scenarios. 

· Fast fading model is selected based on the scenario according to [1]. In other words, either fast fading with TU model and fixed correlation matrix or with ITU/SCM models (with possible simplifications) for outdoor pico cell; ITU InH for indoor pico cell.

· UE speed is set according to TR 36.932 target setting: 
· “For indoor UE, only low UE speed (0 – 3 km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted.” 
· Default interference modelling is AWGN. Of course, more advanced interference modelling can be additionally considered in feasibility studies of a particular feature if necessary. 

· Default UE receiver model is MMSE-IRC with realistic channel and interference estimation. Feasibility studies related to control signalling may assume different receivers.

· Full buffer traffic model is assumed for PDSCH/PUSCH.

· Link level KPI can be throughput curves against SINR or G-factor. Additionally, BLER, BER, FA and missed detection performance can be used as KPIs for control signalling simulations.

· SINR or G-factor range of interest is in line with SINR or G-factor distribution seen on system level simulations of relevant scenario.
8. Concluding remarks
In the conclusion, the following is proposed: The Rel-12 small cell simulation scenarios are recommended to be based on the HetNet scenarios defined in 3GPP TRs 36.814 [1] and 36.839 [2], with the following additional enhancements to be in coherence with scenario and requirements defined in 3GPP TR 36.932: 
· Adopt enhanced scenario with outdoor picos and indoor UEs in multi-floor buildings. Building structure could be based on the dual-stripe model (or a variant of this model), reusing the same propagation models as in 36.814 [1]. UE received signal from macro should be increased by 1.1 dB per meter that UE is above ground level (height gain modelling). 3D antenna modelling shall be used for picos with 70 degree half-power elevation beamwidth and omni-directional in azimuth. Pico (small cell) output equals 30 dBm or 37 dBm.
· Include an optional case with regular grid of 6-ector macro sites with 500 meters ISD. The azimuth half-power beamwidth is suggested to be 40 degrees, and the broadside antenna gain shall equal 17 dBi (i.e. 3 dB higher than the antenna gain for the 3-sector case due to the narrower beamwidth). Front-to-back ratio, elevation beam pattern, and tilt values can be the same as for the 3-sector cases in 36.814 [1]. 
· For simulations at the 3.5 GHz band, the same modelling assumptions as defined in TR 36.814 can be used. Only the path loss model needs to be modified. The 3GPP path loss models in TR 36.814 takes the form PL=A+Blog10(d), and here the value of A should be X dB higher for 3.5 GHz as compared the 2 GHz case (exact value of X is FFS). Parameter B can be assumed to be the same for 2 GHz and 3.5 GHz. FFS if penetration losses shall be different for 3.5GHz and 2 GHz.
· Cases with indoor small cells can be based on the dual-stripe model in 36.814. This includes cases with up to ten floors and 40 apartments per floor, so considered sufficient to also simulate dense indoor small cell cases in Rel-12. In addition, also other previously used 3GPP HeNB simulation scenarios could be re-used, including the WINNER indoor office model [7].
· For dynamic system simulations with mobility, it is suggested to mainly rely on assumptions from the Rel-11 SI on HetNet mobility, i.e. see TR 36.839 [2]. However, a model for indoor UE movement is missing from TR 36.839, so a new model needs to be agreed. We recommend that this is left for RAN2 to decide as mobility simulations are anyway mainly assessed in this working group.
· The KPIs defined in TRs 36.814 and 36.839 shall be used as a starting point also for Rel-12 small cell studies. However, if a need for additional KPIs is identified, those could of course be considered as well.
· In terms of traffic models, we propose to first use the well-known finite buffer traffic model with homogenous Poisson call arrival.

Further discussion and prioritization of cases:
· Notice the presented proposals are generic in the sense they cover small cell cases with/without the presence of macro-layer, cases with different carrier deployments (e.g. co-channel and multiple carrier deployments), sparse and dense small cell cases, etc..
· This means that the total numbers of possible simulation cases become rather large, so once the basic assumptions have been agreed, we propose to select a subset of possible simulation cases as the ones that should first be given priority. This would basically be needed in order not to mandate companies to simulate all cases as this would probably be too exhaustive.
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