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1
Introduction
Two study items were opened in RAN#58 after the conclusion of the Small Cell Scenario SI [1]. Regarding the scenarios for the small cells, the study item for Small Cell Physical Layer Enhancements [2] states the following:

The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity. 

The study shall focus on the following areas:
· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

In addition, the following is stated considering the co-channel/separate carrier deployments:

The study should address small cell deployments on both a separate and the same frequency layer as the macro cells, taking into account existing mechanisms (e.g., CoMP, FeICIC) wherever applicable.

Finally, the proposed work plan for the Physical Layer Enhancements SI [3] states the following as the objectives of the SI for RAN1#72:

The objective of the physical layer study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR 36.392. The study shall focus on the following areas [2]:

· A) Define the channel characteristics, scenarios, evaluation methodology and metrics.
· B) Study potential enhancements to improve the spectrum efficiency

· C) Study the mechanisms to ensure efficient operation of a small cell layer.

· D) Physical layer study and evaluation for small cell enhancements high-layer aspects
The work plan also discusses the schedule, and proposes that the following will be the starting point of the work in RAN1#72:

· RAN1#72 

· Agree on the channel characteristics, scenarios, evaluation methodology and metrics (A)
· Identify the techniques to be evaluated (for B and C) and the corresponding evaluation assumptions

In this contribution, we discuss the suitability of different scenarios for the Rel-12 RAN1 work and provide our views on which scenarios should be focused on in terms of evaluations.
2
Scenarios for small cells
2.1
Deployment scenarios in earlier 3GPP releases

Since Rel-8, there have been a multitude of deployment scenarios that have been officially investigated in 3GPP. Until Rel-10, the focus of the scenarios was in homogeneous deployments, but the LTE-Advanced studies done in RAN1 (see [4]) start to contain also some heterogeneous scenarios, and carrier aggregation also considered a mix of homogeneous and heterogeneous scenarios (see [5] for CA scenarios). Finally, in Rel-11, the feICIC was meant almost solely for heterogeneous scenarios, whereas the CoMP features considered equally both homogeneous and heterogeneous scenarios (see [6] for details of the CoMP scenarios). Additionally, the SI on flexible TDD switching point adaptation [7] also studied several scenarios for a specific purpose, most of which can be seen as heterogeneous ones.
We recap the main body of the earlier work with a brief listing trying to capture most of the scenarios considered so far in 3GPP releases:

Table 1. 3GPP scenarios evaluated in earlier releases (than Rel-12).

	3GPP Release
	Scenario
	WI/SI, contribution references
	Additional comments

	Rel-8
	Homogeneous macro scenarios
	Case1-Case4 macro scenarios
	Baseline Rel-8 LTE scenarios

	Rel-9
	Homogeneous indoor/outdoor scenarios
	LTE-A, 36.814 [4]
	LTE-A evaluation scenario, modified from Rel-8 scenarios

	Rel-9
	Heterogeneous macro+indoor scenarios
	LTE-A, 36.814 [4]
	LTE-A evaluation scenario

	Rel-9
	Heterogeneous macro+outdoor scenarios
	LTE-A, 36.814 [4]
	LTE-A evaluation scenario

	Rel-9
	Indoor scenario
	LTE-A, 36.814 [4]
	Dual stripe scenario

	Rel-10
	Carrier aggregation scenarios
	36.300 [5]
	Case 1-3 are homogeneous scenarios, Case 4-5 are heterogeneous scenarios

	Rel-10
	Heterogeneous macro-pico scenario
	feICIC [4]
	Subset of LTE-A evaluation scenarios 

	Rel-10
	Heterogeneous macro-femto scenario
	feICIC [4]
	Macro-femto scenario was studied less than macro-pico scenario

	Rel-11
	Homogeneous CoMP scenarios 
	36.819 [6]
	Outdoor co-channel macro cells with coordination sets

	Rel-11
	Heterogeneous CoMP scenarios
	36.819 [6]
	Outdoor co-channel macro+pico cells, similar to feICIC scenarios.

	Rel-11
	Flexible TDD scenarios
	36.828 [7]
	Several scenarios (see e.g. [9]) for list of scenarios studied in SI phase).


What we can observe from Table 1 is that the main focus has been on homogeneous and heterogeneous network, and in fact small cells have been considered as part of these. However, the main focus has been on small cell scenarios with co-channel macro deployments, and only very sparse small cell deployments have been considered. For such case several technologies have already been investigated, e.g. feICIC and CoMP.
Observation:

· Small cells have been considered in earlier releases. However, only sparse small cell deployments with macro cells on the same frequency have been studied in detail.

2.2
Deployment scenarios in Rel-12

Figure 1 shows the picture from 36.932, illustrating a mix of the potential scenarios. Looking more deeply at 36.932, we see that there are quite many potential scenarios: Just judging from the pure combinatorial viewpoint (see Table 2), there could be almost 200 scenarios to cover in the worst case, which is obviously far too much for practical RAN1 evaluations.
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Figure 1. Scenarios from 36.932.
Table 2. 3GPP Rel-12 Scenario combinations based on 36.932.

	Scenario parameter
	Number of options in 36.932

	Separate carrier vs. co-channel scenario
	2

	Sparse vs. dense scenarios
	2

	Indoor vs. outdoor scenario
	2

	With vs. without macro coverage
	2

	Synchronized vs. non-synchronized scenario
	2

	Ideal vs. non-ideal backhaul scenario
	6 (Ideal + 5 different categories of non-ideal backhaul)

	Total number of possible combinations: 25*6 = 192


Therefore, clearly some further prioritization is needed for evaluation purposes. Since the sparse, co-channel scenarios have been extensively considered already in the previous 3GPP releases, it would be fruitful to put more emphasis on both dense and separate carrier cases. However, as per the 36.932 conclusions, we also think RAN1 should not completely forget the co-channel case: Given the heavy emphasis in Rel-11 for those cases, it is probable that co-channel cases would exist for a long time with legacy deployments, so it would be good to consider an evolution path for also those cases. However, these scenarios have been studied widely, and technologies have been introduced exactly to target the challenges foreseen in these scenarios. Thus while from deployment perspective these can be considered as important as any other scenarios included in the outcome of the scenario study item, from technology evaluation perspective they might not be the most relevant. Obviously any introduced enhancements would still be applicable in these scenarios. Additionally, dense co-channel scenarios have not been studied much before, hence those could be included as one important evaluation scenario.
Though there are quite many backhaul options listed in 36.932, the common denominator for all of them is the non-ideality in the sense of backhaul delay and limited capacity. Therefore, we think it should be possible to consider only one option out of them as the baseline to be used by all, and allow companies to also simulate other options if desired. This would limit the mandatory options and streamline the studies, while still allowing companies to study all possible cases if seen reasonable.

Proposals:

· Focus on dense small cell deployments in the Rel-12 baseline evaluation scenarios.

· Consider a single indoor and a single outdoor case as Rel-12 baseline evaluation scenarios.

· Consider co-channel scenario for only outdoor deployments.

· Focus on only a single non-ideal backhaul option for small cell studies.

· Focus on scenarios with macro coverage.

Based on these proposals, we can identify three baseline scenarios for Rel-12 small cell enhancement evaluations that cover the most relevant cases:
Proposal: Consider three baseline scenarios for Rel-12 small cell evaluations:

· Scenario 1: Dense outdoor small cell scenario, non-ideal backhaul
· Scenario 1a: Separate carrier deployment 
· Scenario 1b: Same carrier (=co-channel) deployment 
· Scenario 2: Dense indoor small cell scenario, separate carrier deployment, non-ideal backhaul
Further details of the possible parameterization of these scenarios are listed in Annex A and B.

2.3
Channel models for small cells
Most of the channel models used in 3GPP are coming from earlier studies, e.g. the LTE-Advanced studies in 36.814 and CoMP studies in 36.819. Further, in Rel-12 also 3D channel models are going to be studied, but the outcome of the study is not yet known so we have not considered 3D channel models here. 
In general, the TR 36.932 assumes that small cells would mainly be used for low mobility, but medium mobility users are not precluded. Therefore, given that 36.814 and 36.819 already define well-known and used channel models for both indoor and outdoor environments, we think those could be reused also for these studies.

Proposal: 
· Reuse the existing propagation and channel models for the small cell evaluations:
· Outdoor macro cells: UMa propagation and channel model
· Outdoor small cells: UMi propagation and channel model
· Indoor small cells: Dual stripe propagation model and InH channel model
3
Indoor scenarios 

For the indoor scenarios, we note that the dual stripe scenario (from 36.814 [4]) has been used in both LTE-Advanced evaluations as well as in the studies on flexible TDD DL-UL configurations.
Considering the models treated in the WI for flexible TDD, the common indoor scenario is the dual stripe scenario from 36.814. While this scenario may not be the most realistic one, it is very commonly used and could allow compatibility with flexible TDD evaluations. The scenario layout for dual stripe is also illustrated in Figure 2.
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Figure 2. Dual stripe scenario from 36.814.
Since the dual stripe scenario will anyway be included in the flexible TDD evaluations, we propose that the small cell evaluations would also consider the same model. This would allow the outcome of the small cell PHY SI easily benefit the work done in flexible TDD WI as well. Further, the dual stripe model already allows for different eNB densities with the deployment and activation ratios. This allows for scalability of the scenario for both sparse and dense deployments.
Proposal: 
-
For indoor small cell evaluations, utilize the dual stripe scenario.
4
 Outdoor scenarios

In Rel-11 feICIC and CoMP evaluations, the macro-pico outdoor models were commonly used. The macro-pico scenario already allows for different amount of pico cells to be dropped (1,2,4,10 are cited in 36.814 and 36.819), but most evaluations only used 4 pico cells as the baseline assumption. Further, given the minimum distance between pico cells as 40m and between macro and pico cell as 75m, it can be easily noted that it is not possible to fit many more pico cells than 10 to the ISD=500m scenario. Therefore, either the ISD of macro cells should be increased or the ISD of pico cells should be decreased in order to accommodate more small cells within the macro cell coverage area.
Considering typical deployments, a clustered or non-uniform small cell deployment can model dense hotspot areas. In practice, highest traffic can be assumed to be concentrated on smaller geographical areas, requiring possibly clusters of small cells to be deployed. Note that this is also already included in TR36.932: “The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster.” 

With clustering, the original macro-pico scenario definition can also be extended easily: Instead of M pico cells being dropped individually, we drop M clusters of N pico cells. Each cluster can be a random or regular cluster, i.e. the pico cells may be arrayed randomly or according to a specified pattern.
Figure 3 below shows an example of a regular clustered pico deployments with {2,4,8,12} picos: The pico cells are arrayed regularly in groups, and 4 of such groups are randomly dropped to each macro cell area while ensuring that the minimum 40m distance between the picos is retained. The figure illustrates an example of how such scenario could look in practice.
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Figure 3. Example of regular clustering with different cluster sizes.
To compare the clustering approach to random dropping, Figure 4 shows a comparison between a dense random pico scenario and a dense clustered pico scenario. As is visible, the dense random pico scenario fails to create many clusters, whereas the clustered scenario (naturally) creates more regularized approach.
	
[image: image4]
a) Randomly located pico cells (N=12 picos /macro cell)
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b) Clustered pico cells with random cluster locations (M=4 clusters with N=12 pico cells each)


Figure 4. Illustration of random dropping vs. clustered dropping.
Considering the two options presented, we think the clustered approach could be adopted as a scalable way to densify the network: It allows modelling of real-life cases where small cells are deployed in a regular manner to address a specific hotspot demand. In comparison, the random approach works in case the cells are assumed to be fully uncoordinated, e.g. in case the cells are deployed by users.

Proposal:
· For outdoor small cell evaluations, reuse the existing macro-pico simulation methodology with increased number of small cells per macro cell.
· RAN1 should consider clustered dropping of small cells as one of the baseline Rel-12 dense outdoor scenarios.
5
Conclusions

In this contribution we have provided some views on small cell scenarios for evaluation of small cell enhancements. In our view there should be further prioritization of the scenarios concluded in the small cell scenario SI as follows:
Proposals:

· Focus on dense small cell deployments in the Rel-12 baseline evaluation scenarios.

· Consider a single indoor and a single outdoor case as Rel-12 baseline evaluation scenarios.

· Consider co-channel scenario for only outdoor deployments.

· Focus on only a single non-ideal backhaul option for small cell studies.

· Focus on scenarios with macro coverage.

Based on these, we identified three baseline scenarios for Rel-12 small cell studies:

Proposal: Consider three baseline scenarios for Rel-12 small cell evaluations:

· Scenario 1: Dense outdoor small cell scenario, non-ideal backhaul

· Scenario 1a: Separate carrier deployment 

· Scenario 1b: Same carrier (=co-channel) deployment 
· Scenario 2: Dense indoor small cell scenario, separate carrier deployment, non-ideal backhaul
On the channel models and exact system-level evaluation scenarios, we have the following proposals:

Proposals: 
· Reuse the existing propagation and channel models for the small cell evaluations:
· Outdoor macro cells: UMa propagation and channel model
· Outdoor small cells: UMi propagation and channel model
· Indoor small cells: Dual stripe propagation model and InH channel model
· For indoor small cell evaluations, utilize the dual stripe scenario.
· For outdoor small cell evaluations, reuse the existing macro-pico simulation methodology with increased number of small cells per macro cell.
· RAN1 should consider clustered dropping of small cells as one of the baseline Rel-12 dense outdoor scenarios.
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Annex A: Parameters for dense outdoor scenarios
Table 3. Simulation assumptions for dense outdoor scenarios.
	Parameter
	Value

	Reference scenario
	Macro+pico scenario according to [4], where N picos are randomly dropped into macro cell (Case1) geographical area.

	Number of pico cells in pico cluster
	1...M  (M=1 corresponds to Rel-11 macro-pico scenario)

	Number of pico clusters in macro cell area
	N > 4 (N=4 was typical and N=10 was maximum value considered in Rel-11)

	Pico-to-pico minimum distance
	40 m

	UE dropping
	Uniform or Hotspot dropping (i.e. Conf1 or Conf4b)

	Macro deployment
	Co-channel (macro+pico on same carrier), separate carier (macro and pico on separate carriers)

	Channel model and propagation
	Full ITU (ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links)
(See 36.819 [6] for more details.)

	Cluster dropping
	Clusters are dropped randomly without overlap: No two pico cells (within cluster or between clusters) are placed closer than the minimum pico-to-pico distance. 

Pico cells within a cluster are placed according to hexagonal grid using to the minimum pico-to-pico distance as the ISD within the grid.


Annex B: Parameters for dense indoor scenario
Table 4. Simulation assumptions for dense indoor scenarios

	Parameter
	Value

	Reference scenario
	Dual stripe scenario according to [4] 

	Deployment ratio
	> 50 %

	Activation ratio
	100%

	Number of floors
	3

	Cell selection
	Strongest RSRP (no CSG cells)

	UE dropping
	Uniform dropping in the apartments

	Macro deployment
	Either same or separate carrier as femto cells

	Channel model and propagation
	Dual stripe model, urban deployment Table A.2.1.1.2-8 in [4]

ITU InH fast fading model
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