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1. Introduction

It is important to ensure that LTE-Advanced provides efficient support for heterogeneous scenarios with a mixture of macro cells and low power eNBs (e.g. Femto
 cells or pico cells) [1]. The latter was captured in the recent update of the LTE-Advanced study item description [2]. In [3] and [5] discussions were raised on various assumptions and related issues for studying the performance of heterogeneous (now referred to as Het) scenarios. In this contribution we further propose a set of Het scenarios that we propose to give priority. Those suggestions take their starting point in the proposals in [1], and are therefore in good alignment with previous agreements. The current contribution is an updated version of R1-094401, where we have further clarified our proposal, and made adjustments according to received comments during RAN1#58bis.
2. Heterogeneous scenarios
In the following we briefly summarize the main assumptions for our simulations. We have simulated a sub-set of the Het scenarios listed in [1], focusing on the 3GPP Macro Case #1 (or Case #3 as an alternative) with either
· Femto cells with closed subscriber groups (CSG)
· Hotzone (pico) cells with open subscriber groups (OSG)
These are two extremes where we have either CSG or OSG for the lower power eNBs, cases with different max powers for the small nodes (20 dBm and 30 dBm) as well as indoor/outdoor placement of low power nodes. 
The placement of low power nodes and UEs (both in terms of density, distribution, and correlation) has a significant influence on the performance of Het scenarios, and on the type of needed interference coordination 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 four different scenarios in Table 1. Scenario #3 (Macro+Femto) and #4 (Macro+hotspot pico) are the two Het scenarios that we propose to give priority for LTE-Advanced investigations. Scenario #1 and #2 (marked with grey text) are suggested to have lower priority although they are captured in [1].
Notice that Scenario #3 in Table 1 comes in different versions, depending on the definition of femto clusters. Although it is proposed in [1], Table A.2.1.1.2-4, to have clustered femto node placement, such definitions are not clear. Here our proposal is to adopt the already agreed dense urban dual-strip modeling approach from RAN WG4 [4], as the highest priority. Thus, clusters of up to 40 HeNBs are modeled in two adjacent building blocks (dual-strip). For the sake of simplicity, we propose to start with single-floor modeling only. RAN WG4 has also agreed on a modeling framework for HeNBs in sub-urban areas as summarized in R4-092042. The latter corresponds to a residential scenario with HeNBs in individual family houses. We suggest adopting the models in R4-092042 as the second priority for LTE-Advanced clustered HeNB cases in RAN WG1 as well. For the macro+femto case with dense urban, we propose to first start with simulations of one femto cluster (40 HeNBs in one dual-strip setup). Extension to also consider cases with more dual-strip clusters should also be allowed. For the cases where the sub-urban model is used, we recommend to use 20 clusters per macro cell, each cluster being a single femto house.

Table 1 Summary of considered Het scenarios in this study.
	Scenario Number
	Scenario Name
	Description

	#1
	Macro only
	3GPP Macro case #1 as defined in [1]. 25 users uniformly distributed per macro cell area. Serving cell selection is based on RSRQ. No low power nodes.

	#2
	Macro + pico with uniform distributions
	25 users and N pico cells are uniformly distributed per macro cell area. No correlation between UE placement and pico cell placement. OSG is assumed, so users are served by the Node with e.g. best RSRQ for calibration purpose. New cell selection schemes could be considered for performance enhancement. This corresponds to configuration 1 in Table A.2.1.1.2-3 in [1]. 

	#3
	Macro + Femto
	N Femto cell clusters are placed randomly and uniformly within each macro cell area. Femto clusters can be based on the dual-strip model or simple house structure. As an example, For each Femto cell, we place one UE within its close vicinity. Assuming CSG, only that user is allowed to connect to the Femto. Baseline cell selection for calibration purpose is to use RSRQ measurements to determine whether the UE connect to its Femto or to the Macro layer. New cell selection schemes could be considered for performance enhancement. In addition, we place K users uniformly within the each macro cell area. K=25 users as for scenario #1 and #2. So scenario #3 corresponds to the configuration with clustered Femto’s and UE placement as indicated in Table A.2.1.1.2-4 in [1]. 

	#4
	Macro + Hotspot pico
	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 uniform within each macro cell area. Around each pico, randomly place (A-A_macro)/N users within a radius of X meters. 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. As a tentative proposal, we suggest X=40 meters, and limit the distance between pico nodes to equal at least 40 meters.


For both scenario #3 and #4, the placement of pico and Femto nodes shall be restricted according to [1], so those nodes are placed at least 35 meters from the macro cells,  or according to any further restrictions in [1]. Femtocell clusters shall be non-overlapping.
For simulations where the objective is to quantifying the gain of introducing low power nodes (as compared to no low power nodes) the following is proposed: The simulations for comparing with scenarios #3 and #4 shall be repeated with exact same assumptions, but without having the lower power nodes, for determining the gain of adding HeNB or pico nodes, respectively. Thus, if we take scenario #4 with pico hotspot as an example, then the corresponding macro only simulation is conducted with the exact same hotspot UE distributions as when running with pico nodes in order to have a fair comparison. With such approach we always have the same number of users per macro cell area (and same distribution), but not per macro cell (and the offloading effect modeled should also be expected in real-life scenarios). Thus, we should not directly compare results from scenario #1 and #3 (or scenario #1 and #4) in Table 1, as those do not have the same number of UEs, and also have different UE distributions.
For all cases in Table 1, macro nodes, HeNB nodes, and pico nodes are assumed to be static (i.e. not moving) during each simulation run.
3. Primary performance metrics
3.1 Full buffer
For LTE-Advanced studies, the following performance metrics are already included in [1] for full buffer traffic:

· Mean user throughput

· Throughput CDF
· Median and 5% worst user throughput
However, those performance metrics are not considered to be sufficient for capturing the performance of Het scenarios. We therefore propose to define the following additional metrics:

· Average macro cell area spectral efficiency: Thus we modify the definition to measure the average throughput within each macro cell’s coverage area, independent on whether UEs are served by the macro cell or by low power eNBs within this area (thus, the carried throughput from both macro and low power eNBs is included). Hence, for each UE, we need to evaluate which macro cell it would have been served by if there were no low power eNBs in order to determine for which macro cell the throughput for the user shall be counted.
· Percentage of average cell throughput carried by lower power eNBs as compared to the total throughput: Thus, the total throughput includes both that carrier by macro cells and low power eNBs. 

· Per user outage (defined as 95% coverage) spectral efficiency: This definition should also be valid for Het scenarios, i.e. in each simulation we collect the statistics for experienced throughput for each UE, and the cell-edge performance is then simply the 95% fractile.

In the above performance metrics, the spectral efficiency shall be calculated as the throughput divided by the total available system bandwidth. So even if we e.g. use a configuration with 10 MHz total system bandwidth, assuming 5 MHz for macro and 5 MHz for lower power eNBs, the 10 MHz shall be used when calculating the spectral efficiency. The latter is basically needed to have a fair comparison between different reuse schemes.

User throughput cumulative distribution function (cdf) of all users, as well as separate user throughput cdf’s for users served by macro cells and users served by low power Nodes is also recommended to be reported. The latter statistics help give a clear picture of the performance of the different layers in the network.
Additional performance metrics should of course also be allowed. For more detailed studies of mobility for Het cases, other performance metrics such as radio link failure probability, handover rates, etc., would also be important performance metrics.

3.2 Traffic models

Traffic models have been defined in Table A.2.1.3-1 of [1], and the corresponding performance metrics are defined in A 2.1.4 in terms of perceived throughputs. Since the performance metric is UE based, the same metric could be reused for het-net evaluation of different topologies. The corresponding latency cdf’s for individual packet delays could also be reported. The traffic models in Table A.2.1.3-1 of [1] are based on Poisson arrivals of fixed-size bursts, and the burst sizes could be chosen to reflect different traffic models. As an example, burst sizes of 25 KB and 2 MB could be used to model HTTP and file downloading respectively.
In het-net deployment such as macro-femto deployment, it is likely that a mix of traffic types will occur simultaneously. We suggest allowing evaluation of mixed traffic with a fixed fraction of UEs loaded with full buffer traffic, while other UEs are loaded with bursty traffic.

4. Concluding remarks
In this contribution we have proposed a small set of Het scenarios that we propose to prioritize in the coming LTE-Advanced heterogeneous simulation studies. The proposed scenarios are extracted from [1], including further clarification of those for cases where open issues were identified. In short we propose to give priority to the following two heterogeneous scenarios:
· Macro + clustered Femto: Scenario where we have clusters of HeNBs in the macro cell area. Clusters of HeNB are modelled according to the dense urban dual-strip model as also used in RAN WG4 (starting with single floor model). Recommended default setting is one HeNB cluster (40 HeNBs) per cell. Second priority for modelling of femto clusters is according to the so-called sub-urban model from RAN WG4 (see R1-092042), with default 20 clusters of single HeNB houses. This is scenario #3 in Table 1.

· Macro + pico hotspot: Scenario where we have randomly placed pico nodes within the macro area, with higher density of terminals around each pico node. This is scenario #4 in Table 1.
We suggest capturing these two scenarios as the ones with highest priority in [1]. Simulations with the full buffer traffic model is considered to be the default, but cases with bursty Poisson arrival type of traffic is also seen relevant. Bursty traffic for low power Nodes is especially of interest to have cases with non-constant full load for those nodes. Finally, as discussed in Section 3, we also proposed a list of performance metrics, which could be captured in [1] as well. Additional performance metrics should of course also be allowed.
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� In this contribution the terms Femto and HeNBs refer to the same, i.e. LTE low power, user deployed, home eNBs with CSG.





