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1. Introduction
In this contribution, we discuss varies aspects to the reference system simulation scenarios in [1] that relate to heterogeneous deployments. The scenario aspects discussed herein refer mainly to hot-zone deployments but some indoor related aspects are also discussed. We propose to re-consider a few assumptions associated with hot-zones in [1] and we also propose to not restrict indoor deployments to CSG scenarios only. The most important HetNet scenarios from operator perspectives should be prioritized in further studies.
2. Discussion

The set of heterogeneous network deployments given in TR36.814 [1] provides a baseline for initial evaluations of macro cell deployments with different types of HetNet nodes distributed within the macro network. The TR36.814 provides guidelines of four deployment configurations reflecting the density of UE’s across the macro cells as well as the distribution of UE’s within the macro cell. 
One of the prioritized scenarios to be studied is likely to be based on configuration 4 (table A.2.1.1.2-3 in TR36.814), and related to hot-zone, or hotspot, deployments. Such deployments are considered to be useful to off-load capacity from the macro cells, in which an operator can e.g. offer high speed internet access in certain areas. Following the categorization of new nodes in TR36.814, hot-zones are by definition placed outdoors and refer to open subscriber groups (OSG).
We here propose some modifications to configuration 4 in TR36.814. Currently, configuration 4 aims to model a system with considerable variations in user densities within macro cells, as well as in user densities within traffic hotspots. Even though this may reflect the reality, one can question, whether a planned deployment of hotspot cells would assume the same cell parameters throughout of the system area, as is typically assumed in these kinds of system simulations, independent on the hotspot traffic load and macro cell coverage at the location of the hotspot. It is our view that for an approach with homogeneous cell parameters, also the deployment scenario should be a bit more uniform compared to the current version of TR36.814. Furthermore, in order to be more transparent, and enabling a fairly straightforward way to obtain realistic expectations of the performance of the assumed heterogeneous deployment, the scenario should be clear on how large part of the system traffic (users) is located within traffic clusters (hotspots) including pico base stations, compared to the amount of users located outside such clusters.
Thus, we propose the following:

Proposal 1: For configuration 4 in table A.2.1.1.2-3 [1], a fixed average number of users per macro cell area should be considered. Furthermore, the scenario should clearly define how large part of the traffic that is located within traffic clusters including pico cells.
The fixed average number of users per macro cell area, but still a random placement of users over the whole system area, allows certain variations in the actual number of users between cells, while keeping the average cell traffic constant.

At least within an urban environment with apartment blocks, the traffic will typically be clustered. Furthermore, there will typically be more than one such traffic cluster (apartment block) per macro cell. It will be a good design choice to deploy pico cells as close to traffic hotspots as possible, e.g. within traffic clusters. However, it is not always very realistic to assume that one or even a few pico cells are sufficient to provide coverage for a very large part of the cell traffic, as is currently assumed in configuration 4
. Hence, the fraction of users that are assumed to be located within traffic clusters surrounding pico cells should depend on the number of deployed pico cells. For example, let us assume that: a) 90% of the cell traffic is located within clusters, b) there is an average of 10 traffic clusters per macro cell, and c) each traffic cluster can contain a maximum of one pico cell. Now, if we would deploy an average of 1 pico cell per macro cell, only 10% of the traffic clusters would include a pico cell, meaning that 9% of the total cell traffic would be located within such clusters. Correspondingly, 4 pico cells could cover 40% of traffic clusters (36% of cell traffic), while in case of 10 pico cells per macro cell, every traffic cluster would include a pico cell, and hence 90% of the total cell traffic would be in such “pico clusters”.

Following the approach as described above, the simulation methodology would look like this:

· Define the locations of pico cells within the macro system area. Here, one may consider either a total number of pico base stations uniformly distributed over the macro system area, or a certain (exact) number of pico base stations per macro cell.
· Depending on the assumed number of pico cells per macro cell, and the assumed number of users per macro cell, define the total number of users to be located within “pico clusters”. Here, one can for example assume the values given above for the level of traffic clusterization (90%) and the average number of traffic clusters per macro cell (10).
· Distribute pico cluster users uniformly between the different clusters, and within the cluster area. A pico cluster can for example be a circular area with a radius of 40 m, as tentatively proposed in [2], or perhaps even smaller.

· Distribute the rest of the users uniformly within the system area, but outside the “pico clusters”.
When comparing the heterogeneous network performance with macro network, the same average number of users per macro cell area shall be assumed for both deployments. Ideally speaking the traffic should also be identically clustered, but that detail can perhaps be ignored.
A maximum total eNB power of 46 dBm has been assumed in previous non-HetNet system evaluations for LTE-A, and should be considered also for HetNet studies. In TR36.814, a total base station Tx power of 30 dBm has been assumed for hot-zone deployments. In [3], it was proposed to also include more power classes for hot-zones, namely output power of 24 dBm and 37 dBm. RAN4 has been discussing the maximum allowed total output power for an indoor pico base station, and has agreed on a value of 24 dBm. However, it is possible that there will later on be additional outdoor base station classes, similar to the “medium range BS” in TS25.104 (known also as a “micro base station”). Therefore, multiple power levels up to a maximum 37 dBm could be of interest from a scenario sensitivity analysis point of view as an alternative to range extensions.
Proposal 2: Additional maximum output BS Tx power classes to hot-zones should not be precluded.
In addition to new maximum base station output power levels, reference [3] proposed also a modification of the path loss model for hot-zone deployments. It is also our view that the model proposed in [3] could provide a more realistic model of the expected path losses within a hot-zone of a radius of 40 m or less. Furthermore, there should be no specific reason why the path loss model defined for hot-zone deployments should differ from the path loss model defined for relay deployments. Considering a heterogeneous deployment within an urban environment, such as in Figure 1, there will be a lot of connections between outdoor “micro” base stations and indoor UEs with a LOS building penetration. For such links, the current model in TR36.814 will most likely result in too large path loss.
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Figure 1. Heterogeneous network deployment within an urban environment [4].

It is expected that the assumed path loss model will have a large impact on the simulation results, in particular when it comes to the expected coverage of hot-zone (pico) cells, overlayed by fairly strong co-channel macro cells. This is demonstrated in Table I, where the fraction of traffic cluster users served by the pico base station located in the center of the traffic cluster (radius = 40 m) is shown. Path loss model A refers to the model given in TR36.814, path loss model B refers to the model proposed in [3], while path loss model C refers to the micro BS-to-indoor UE model given in TR25.814 (L = 7 + 56log(d), d in meters). The macro cell path loss, including a 3-dimensional antenna gain (with 15 degree downtilt), is calculated according to the models in TR36.814. However, the impact of shadow fading has been ignored. Distance D is the distance between the macro site and the pico base station, see Figure 2 in the annex.

Table I. Fraction of users within the traffic cluster served by the pico base station.

	Distance D
	Pico BS output power
	Path loss model A
	Path loss model B
	Path loss model C

	50 m
	24 dBm
	6.8%
	22.7%
	41.5%

	
	30 dBm
	13.4%
	51.5%
	62.8%

	
	37 dBm
	29.8%
	82.4%
	84.9%

	
	PL based selection
	66.3%
	95.7%
	97.9%

	100 m
	24 dBm
	2.4%
	4.1%
	27.3%

	
	30 dBm
	5.5%
	18.2%
	48.2%

	
	37 dBm
	13.7%
	93.8%
	92.5%

	
	PL based selection
	51.6%
	96.9%
	100%

	150 m
	24 dBm
	6.6%
	32.1%
	52.7%

	
	30 dBm
	14.8%
	73.8%
	80.5%

	
	37 dBm
	39.2%
	96.5%
	97.3%

	
	PL based selection
	86.5%
	98.6%
	100%


Since the coverage area of the pico cell will not be circular, the percentages cannot be mapped directly into pico cell coverage ranges. Furthermore, in case of the larger percentages in Table I, the pico cell coverage area extends often beyond the borders of the traffic cluster in some direction.

Obviously, a signal strength based cell selection will never produce as large pico cells as a path loss based cell selection. However, the obvious price of the path loss based cell selection is the need to implement ICIC methods to improve the downlink coverage for the pico cell users. Furthermore, the path loss based cell selection will result in higher level of uplink interference towards the overlaying macro cells, as demonstrated by [5]. As can be read from Table I, the difference in pico cell sizes between signal strength based and path loss based cell selection will depend on the selection of the path loss model between pico cells and hot-zone users. Furthermore, as already mentioned, a higher level of hot-zone base station output power will also extend the range of the hot-zone cell.
Proposal 3: Reconsider the assumed path loss model for hot-zone deployments. One suitable alternative is to assume that the path loss model for the hot-zone is equal to the path loss model for relay-to-UE links.
It has in numerous of previous HetNet contributions, see e.g. references in [6], been indicated that improved ICIC methods with respect to Rel-8 would be critical to benefit from HetNet deployments. Furthermore, it has also been indicated that ICIC on short term bases is needed in order to efficiently share resources between HetNet nodes and macro cells. This would imply that HetNet nodes and macro cells need to be time synchronized. One approach would be to assume that all nodes in the system are synchronized; another approach would be that HetNet nodes are synchronized per macro cell only, i.e. intra-macro-cell enhanced ICIC. For FDD systems, time synchronized nodes with and within the macro cell could be the starting point.

Carrier aggregation in the context of HetNet deployments is well suited and provides further flexibility for improved ICIC. For example, carrier aggregation offers a way to protect the downlink control channels, which cannot be protected with Rel-8 ICIC or with normal scheduling methods. Therefore, we believe that such deployments should be prioritized and considered in further HetNet studies.

Proposal 4: Carrier aggregation in the context of HetNet scenarious should be prioritized.
Femto cell deployments are typically introduced unplanned and have been categorized in TR36.814 as cells with closed subscriber groups (CSG). Such nodes are in general not synchronized with other nodes, and limited exchange of user information between macro layer and the femto cells can be foreseen. Hence, advanced and highly dynamic ICIC methods would be excluded but some simple ICIC methods could possibly be considered. For example, carrier aggregation could be a way to combine macro and CSG cells, i.e. frequency band split into multiple component carriers. Macro and CSG cells then select the component carriers (and anchor carrier) so that the interference is kept under control. One can also combine this with allocating different Tx powers for different component carrier. Another proposed ICIC method is carrier aggregation with autonomous component carrier selection (ACCS) [7].

An alternative to carrier aggregation that has been discussed in RAN4 in context of CSG cells would be to reuse only a part of the macro band. That kind of deployment would however not directly protect the macro downlink control channels, but would reduce interference towards them anyway. Other methods discussed by RAN4, to avoid/control the interference towards control channels, require time synchronization + time offset between macro and CSGs.
Closed subscriber group femto cells operating in the same frequency band(s) as the macro cells thus constitute potential severe interference sources to the system. Traditionally, CSG cells have been associated with WLAN deployments, which operate in unlicensed frequency bands and thus not interfere with the cellular systems. Anyone connected to a WLAN and being near clusters of WLAN deployments would have experience situations of high inter-cell interference. Hence, a highly relevant CSG scenario would be to consider clusters of femto cells within apartment buildings/blocks, in which some users without local access point are forced to communicate with the macro cell in the same frequency band(s) as the femto cells. As mentioned above, CSG femto cell deployments are typically unplanned and uncoordinated with the macro layer.
In TR36.814, femto cells have been categorized as indoor deployments. Indoor deployments with open subscriber groups are of interest in order to cover hotspots like airports, train stations and other public places. Therefore, we propose to add an option to femto cells, here representing indoor deployments, to also include OSG cells. Such an option would then complement the outdoor hot-zones discussed above. 
Proposal 5: Add OSG cells as a category to indoor femto cell deployments.
3. Conclusions
In this contribution, we propose the following:
Proposal 1: For configuration 4 in table A.2.1.1.2-3 [1], a fixed average number of users per macro cell area should be considered. Furthermore, the scenario should clearly define how large part of the traffic that is located within traffic clusters including pico cells.
Proposal 2: Additional maximum output BS Tx power classes to hot-zones should not be precluded.
Proposal 3: Reconsider the assumed path loss model for hot-zone deployments. One suitable alternative is to assume that the path loss model for the hot-zone is equal to the path loss model for relay-to-UE links.

Proposal 4: Carrier aggregation in the context of HetNet scenarios should be prioritized.
Proposal 5: Add OSG cells as a category to indoor femto cell deployments.
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Annex. Evaluation of the pico cell coverage
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Figure 2. A circular traffic cluster with a radius r, located at a distance D from the macro site.
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Figure 3. Comparison between signal strength based and path loss based cell selection within a traffic cluster. Left: path loss model A, right: path loss model B. Red area indicates the coverage area with signal strength based selection, green area (or union of green and red area) indicates the coverage area with path loss based cell selection, while the blue area indicates positions served by the macro cell. Macro site is assumed to be at (0,0), and the pico cell output power is assumed to be equal to 30 dBm.
� One scenario where that kind of assumption would be valid, is when one or a very few users are consuming very large part of the whole macro cell capacity. However, for that kind of a scenario one could re-discuss the various simulation assumptions regarding the models within the pico cell.





