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1. Introduction

In this contribution we summarize our view on the simulation assumptions for heterogeneous networks (HetNet) for LTE-Advanced / Rel-10. We focus on the two HetNet scenarios with highest priority; namely macro cells with either CSG HeNBs or hotzone deployment of pico cells.
In Section 2 we outline the scenario definitions for the two considered cases, and provide our proposal for the remaining open issues in current TR [1]. In Section 3 we shortly describe the motivation for using so-called physical layer abstraction models, and explain how this is possible without explicit simulation of complex fast fading processes. The proposed performance metrics are summarized in Section 4, where we also suggest having metrics for the control channel performance in addition to the usual performance figures for data channels. Finally, concluding remarks are given in Section 5.

2. Heterogeneous scenarios
The placement of low power nodes and UEs (both in terms of density, distribution, and correlation) has a significant influence on the performance of HetNet scenarios, and on the type of needed interference management mechanisms. Section A.2.1.1.2 in [1] contains a listing of several possible methods for placing UEs and low power eNBs. Taking the latter methods as our starting point, we have summarized the two HetNet scenarios that we propose to give priority for LTE-Advanced investigations. Here we assume that 3GPP macro Case #1 or Case #3 is used as baseline, with higher priority for Case #1. 
2.1 Macro + HeNBs
This is a scenario with indoor placement of CSG HeNBs in each macro cell. N HeNB clusters are placed randomly and uniformly within each macro cell area. HeNB clusters can be based on the dual-strip model or simple house structure based on agreed models in RAN WG4. The HeNBs shall be placed at least 35 meters from the macro eNBs (as listed in current TR)
Proposal #1: Adopt the already agreed dense urban dual-strip modeling approach from RAN WG4 [2], as the highest priority, assuming N=1, i.e. one cluster. Thus, clusters of up to 40 HeNBs are modeled in two adjacent building blocks (dual-stripe) per floor. Each HeNB is placed in the system (deployment ratio) and powered on (activity ratio) with a certain probability, to allow simulations with different average densities of HeNBs. Finally, we suggest allowing simulations also with single-floor, as well as multiple floors.

When presenting performance results for macro + HeNBs, it shall be specified how many floors are being simulated, as well as the assumed probability for having each HeNB on (active) and HeNB deployment ratio.
For each active HeNB, we place one UE within its close vicinity. Assuming CSG, only that user is allowed to connect to the HeNB. Baseline cell selection for calibration purpose is to use RSRP measurements to determine whether the UE connect to its HeNB or to the Macro layer. New cell selection schemes could be considered for performance enhancement. In addition, we place K=25 users within the each macro cell area (note that in RAN4, typically 10 macro cell users are placed). It was discussed during the last RAN1 meeting whether the K users within each macro cell area shall be uniformly distributed, or whether they should be placed to have higher probability of being indoor, and therefore closer to active HeNBs. Using a non-uniform distribution with higher probability of having macro cell users indoor, have the advantage that the effect from having macro-cell UEs exposed to potentially strong interference from CSG HeNBs become more visible in the performance results.
Proposal #2: Place the K＝25 users so they have higher probability of being indoor in same building as the HeNBs. Adopt the model, where 80% of the K users are indoor. Otherwise, the distribution of users is uniform.
2.2 Macro + Pico
Here we outline the proposed definition of macro + pico node for hotspot (hotzone) deployment.

Proposal #3: Numbers of users per macro cell area is selected from a uniform distribution between 10 and 100. The number of users is denoted A. Out of A users up to 25 are distributed uniformly within macro cell area (A_macro), for A≤25 A_macro=A. N pico cells are placed randomly and uniformly within each macro cell area (N = {1,2,4,10} but advised as 10 due to too high pico user densities for lower numbers of pico). Around each pico, (A-A_macro)/N users are placed randomly within a radius of X meters (min distance between UEs and Pico nodes shall be 3 meters as currently specified in [1]). OSG is assumed, so serving cell selection is based on e.g. RSRQ for calibration purpose. New cell selection schemes could be considered for performance enhancement. This corresponds to configuration 4 in Table A.2.1.1.2-3 in [1], where the placement of UEs and pico’s is correlated and clustered, and number of UEs and pico’s are proportional. We suggest X=40 meters.
Several companies have raised discussions on whether the current statistical model in [1] where the number of users, A, is a random number per simulation event is appropriate. It is our view that this model is appropriate. However, we are open for also discussing alternative approaches, where we assume:

· Random and uniform placement of K=25 users per macro cell.
· Random and uniform placement of N=10 pico cells per macro cell, with 4 users placed randomly around each pico node within a radius of 40 meters (i.e. correspond to hotspot with higher density of UEs around each pico). 

Assuming simulation of M macro cells, the above described model can be made random by assuming NxM Pico nodes are placed randomly and uniform over the entire simulated area, rather than assuming always N=10 pico nodes per macro cell. The latter will results in variable number of pico nodes per macro cell, and therefore also variable number of users within each macro cell area.
Proposal #3A: As an alternative approach for placement of pico nodes and users, we propose to randomly drop NxM pico nodes over the entire simulated area, where N=10 and M equals the number of simulated macro cells. Within a radius of 40 meters around each pico node, randomly place 4 users. In addition, randomly place 25 users per macro cell.
3. Physical layer abstraction & Fast fading
The proposed HetNet simulation cases are more computationally demanding than the previously macro only cases. The additional complexity comes from having more base stations to simulate, and also from having larger number of terminals. As an example, the typical setup for previous macro cell only simulations has been with 57 cells and 10 users per cell, resulting in 570 users per simulation. For the proposed HetNet scenarios, both the number of cells and users is much larger. If we take the macro+pico case according to Proposal #4 as an example, we will have 

· 57 macro cells + 10x57 pico cells = 627 cells
· 57x25 + 10x4x57 = 3705 users

Thus, this is a significant increase in both the number of cells and users that have to be simulated. The same conclusion is valid for the macro+HeNB, where additional hundreds of HeNBs will also have to be simulated. Furthermore, previous macro cell only simulations where typically conducted for 10 MHz system bandwidth (and 20 MHz for TDD cases), while the coming LTE-Advanced HetNet simulations also are expected to require simulations at higher bandwidths. As an example of the latter, several companies have stressed the importance of studying carrier aggregation (CA) and HetNet performance / interference management together. This implies simulating bandwidths in excess of 20 MHz, which naturally also results in increased simulation time (compared to simulations with lower bandwidth). 
In [1], the following text appears in Table A.2.1.1.2-2:
· “If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.”

Our view is to allow using such physical layer abstraction models to keep the simulation computational burden at a reasonable level. Thus, simulations without explicit modeling of fast fading with amplitude and phase representation shall be allowed.

In the following we summarize a possible approach for using the so-called physical layer abstraction model.
Based on: 
· transmit power per PRB for all nodes

· Path loss, shadowing, and antenna gains

it is possible to calculate the raw average SINR per link

· The average raw SINR can afterwards e.g. be further scaled depending on number of UEs per cell and fast fading to model effects of e.g. frequency domain packet scheduling (FDPS).

· Use mapping function from SINR to Throughput, which includes also the effect of e.g. 2x2 SU-MIMO with rank-adaptation. So basically having average SINR vs. Throughput mapping, including taking into account number of scheduled PRBs per UE, etc...

· Note that such mapping tables include the effect of fast link adaptation and HARQ, so such mechanisms are modeled implicitly. 

Using such physical layer abstraction models brings significant gains in terms of reduce simulation complexity, while still being sufficiently accurate for the purpose of HetNet simulations. 
Proposal #4: We therefore suggest allowing using such physical layer abstraction models without explicit simulation of fast fading as also listed in the current TR [1]. 

Still, the current TR does not prevent companies from also explicitly simulating the full fast fading process. 
4. Primary performance metrics
In addition to agreed data channel performance metrics, for HetNet cases, we also suggest to add simple metrics for checking the performance of control channels (CCH). The set of CCHs that we suggest to monitor the performance of are; Primary broadcast channel (PBCH), dynamic broadcast channel (DBCH), physical hybrid ARQ indicator channel (PHICH), physical control format indicator channel (PCFICH), and physical dedicated control channel (PDCCH). Checking the downlink CCH performance for cases with co-channel deployed macro and CSG HeNBs is considered important; in order to ensure that macro cell users are able to received the CCHs even when experiencing interference from CSG HeNB(s).

Proposal #5: We therefore propose to have a downlink CCH performance metric included in 3GPP TR 36.814 expressing the probability UEs experiencing CCH BLER>1% (i.e. probability of poor CCH performance). 

Additional performance metrics should of course also be allowed. For more detailed studies of mobility for HetNet cases, other performance metrics such as radio link failure probability, handover rates, etc., would also be important performance metrics.

5. Concluding remarks
In this contribution we have summarized our view on the definition of the HetNet scenarios with macro cells, having either indoor CSG HeNBs or outdoor pico nodes for hotspots (also called hotzones).
For the macro + HeNB cases, we have the following proposal:

· Proposal #1: Adopt the already agreed dense urban dual-stripe modeling approach from RAN WG4 [2], as the highest priority, assuming N=1, i.e. one cluster. Thus, clusters of up to 40 HeNBs are modeled in two adjacent building blocks (dual-stripe) per floor. Each HeNB is on with a certain probability, to allow simulations with different average densities of HeNBs. Finally, we suggest allowing simulations with single-floor as well as up to 6 floors.
· Proposal #2: Place the K=25 macro cell users so they have higher probability of being indoor in same building as the HeNBs. Adopt the model, where 80% of the K users are indoor. Otherwise, the distribution of users is uniform.
For the macro + hotspot pico scenario, we propose the following:

· Proposal #3: Numbers of users per macro cell area is selected from a uniform distribution between 10 and 100. The number of users is denoted A. Out of A users up to 25 are distributed uniformly within macro cell area (A_macro), for A≤25 A_macro=A. N pico cells are placed randomly and uniformly within each macro cell area (N = {1,2,4,10} but advised as 10 due to too high pico user densities for lower numbers of pico). Around each pico, (A-A_macro)/N users are placed randomly within a radius of X meters (min distance between UEs and Pico nodes shall be 3 meters as currently specified in [1]). OSG is assumed, so serving cell selection is based on e.g. RSRQ for calibration purpose. New cell selection schemes could be considered for performance enhancement. This corresponds to configuration 4 in Table A.2.1.1.2-3 in [1], where the placement of UEs and pico’s is correlated and clustered, and number of UEs and pico’s are proportional. We suggest X=40 meters.
· Proposal #3A: As an alternative approach for placement of pico nodes and users (as compared to configuration 4 in Table A.2.1.1.2-3 in [1]), we propose to randomly drop NxM pico nodes over the entire simulated area, where N=10 and M equals the number of simulated macro cells. Within a radius of 40 meters around each pico node, randomly place 4 users. In addition, randomly place 25 users per macro cell.
· For the discussions on whether to make explicit simulation of fast fading mandatory, we suggest the following:

· Proposal #4: We therefore suggest allowing using such physical layer abstraction models without explicit simulation of fast fading as also listed in the current TR [1]. 

The motivation for proposal #4 is to keep the complexity and time needed for HetNet simulations at a reasonable level (see the discussions in Section 3). Note that proposal #4 does not prevent companies from also presenting results with explicit simulation of fast fading.
Finally, we recommended to also having a performance metric defined capturing the CCH performance. The latter is especially considered important for scenarios with co-channel deployed macro and CSG HeNBs. Thus, resulting in the following suggestion:

· Proposal #5: We therefore propose to have a downlink CCH performance metric included in 3GPP TR 36.814 expressing the probability of experiencing CCH BLER>1% (i.e. probability of poor CCH performance). 
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