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1 Introduction

In RAN#58, an LTE Release 12 study item on physical layer aspects of small cell enhancements was approved in [1]. The main objective of this SI is investigation of the potential improvements for small cells. In this contribution we discuss the exact simulation assumptions which can be used for evaluation of small cell considering identified in TR 36.932 [2] small cell scenarios.

2 Deployment scenarios
Outdoor small cell deployment scenarios and assumptions:

In accordance to TR 36.932 operator deployed scenario should be considered with higher priority. Such scenario may include both indoor and outdoor deployment of the small cell. For outdoor deployment TR 36.819 [3] already provides a very good set of assumptions for the detailed simulation of small cells and therefore can be used as a starting point for evaluation of sparse deployments, where one small cell covers one hotspot area (see Figure 1a). However to address dense deployment scenario with higher traffic demands each hotspot area should be covered by a group of small cells. In that case a cluster of small cells with uniform distribution of the small cell nodes within hotspot area should be considered (see Figure 1b).
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(a) 
Sparse deployment of small cells (TR 36.819)




(b) 
Dense deployment of small cells

Figure 1: Outdoor small cell deployments
Although most of the assumptions such as number of hotspot areas, user distribution inside and outside of the hotspot area can be taken from TR 36.819, there are some specific parameters to be considered and agreed for the proposed dense scenario. In the following we discuss these parameters. 

1. The modelling of clustered deployment of the small cells in the hotspot area can follow Config 4b approach, i.e. random and uniform distribution of the N configured number of small cells nodes, within each hotspot area, where N may take values from {2, 6, 10}.
2. To improve reuse of the frequency between neighbouring small cells, a transmit power of small cell nodes should be reduced comparing to TR 36.819 assumption. In particular 23dBm transmit power with 5dBi antenna gain may be considered. 
3. The constraints from TR 36.819 on 40m minimum allowed distance between neighbouring small cells nodes would need to be revisited to accommodate dense deployment of small cells within a small cell cluster. Figure 2 shows one possible example of the updated minimum distance constraints. 
[image: image3.emf]UE

75 m

3

m

3

5

 

m

1

0

m

UE

3m

SC-eNB

SC-eNB


Figure 2: Updated constraints for clustered small cell deployment scenarios
4. The small cell antenna height and probability of LOS/NLOS defined in 36.819 should also be updated to reflect reduced complexity deployment (such as lamp post mount) of the outdoor small cell nodes. The small cell node antenna height may be chosen 5 meters. Hence the probability of LOS/NLOS can be taken in accordance to outdoor relay (with 5 meters antenna height) to UE model from TR 36.814 (Case 1) [4]:
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The comparison of probabilities for LOS/NLOS propagation with model from TR 36.819 is shown in Figure 1.
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Figure 3: Comparison of LOS probabilities for different models
The main observation that can be drawn from Figure 3 is that probability of LOS at large distances for the small cell nodes with 5 m antenna height is much lower than probability of LOS for the small cell nodes with 10 m antenna height.
Proposal: 

· Introduce new assumptions for evaluation of dense outdoor deployment scenario with small cells:
· Clustered dropping of N small cell nodes in hotspot area, where N can take values {2, 6, 10}
· Small cell node transmit power of 23 dBm
· Minimal distance between small cell nodes of 10 meters and minimum distance between small cell node and UE of 3 meters
· Small cell node antenna height of 5 meters, and LOS/NLOS probability as defined in TR 36.814 for outdoor relay to UE model
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· User dropping, path loss, shadow fading standard deviation, fast fading models can be reused from TR 36.819 (UMi channel model)

Deployment scenarios and assumptions for operator-deployed indoor small cells:
For indoor small cell deployment indoor hotspot model (as defined in TR 36.814) with open subscriber group may be used to evaluate the throughput gain due to large number of indoor deployed small cells. 
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Figure 4: Indoor small cell deployment scenario
In this scenario each macro-cell area is assumed to have a single-floor building, which is same with ITU sketch [4]. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. To simulate sparse deployment two nodes may be placed in the middle of the hall at 30m and 90m with respect to the left side of the building as described in [4] and shown in the Figure 4. To simulate the case of dense deployment of small cells, more of the small cell nodes (e.g. 4, 8) may be placed in the building. In this case the indoor hotspot environment may look as shown in Figure 5:
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 Figure 5: Proposed indoor hotspot environment for dense small cell deployment scenario
To allow modelling of small cell nodes deployed both in 2GHz band and 3.5 GHz band we the generic path-loss model defined in Table B.1.2.1-1 of [4] should be used for small cell to UE links (d is in meters):
PLLOS=16.9log10(d) + 32.8 + 20log10(fc)
PLNLOS = 43.3log10(d) + 11.5 + 20log10(fc)

For the case of both the UE and the small cell node are in the same building the probability of LOS/NLOS is given in the Tables A.2.1.1.5-1/2 of [4]:

Prob(R) = 
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, R is in km.
For the case when UE and the small cell node are not in the same building, NLOS path loss model should be used with additional penetration loss of 20 dB per outer building wall.

Proposal: 

· Reuse indoor hotspot (InH) model as defined in TR 36.814 for modelling of indoor small cells:

· Consider open subscriber group to model operator deployed scenario

· For dense indoor deployment scenario with small cells the building may contain 4 or 8 small cell nodes
· Use path loss and LOS/NLOS probabilities as described above

· User dropping may follow Config 4b, where hotspot area corresponds to the area inside building

Minimal distance between small cell node and UE

Existing path loss models are defined with respect to 2-dimensional (2D) distance [3]. In order to avoid too high signal power at the receiver and to reflect the fact that UE and eNB heights are different (therefore leaving certain separation distance even if dropped into the same 2D point) a minimal 2D distance constraint between eNB and user is typically introduced in the deployment scenarios. Earlier, when modelling large-size macro cells the minimal distance constraint produced insignificant impact onto the accuracy of the channel model and onto the UE dropping because the minimal distance between the eNB and the UE was much less than the typical coverage of the deployment.

The above assumption may not hold when considering a compact hotspot covered with large number of small cell nodes because the minimal small cell node to UE distance requirement may become comparable with the distances between neighbouring small cell nodes thus forcing the UEs to be dropped substantially between the small cell nodes, i.e. in the areas of cell edges of the small cell layer. To illustrate that we plot in Figure 6 the example deployment where 40 meter radius hotspot is covered by 10 small cell nodes, and the minimal UE to small cell node distance is set to 10 meters. Blue dots in the figure represent small cell nodes, red dots represent possible positions of UEs, and grey circle reflects the hotspot area border.
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Figure 6: Example hotspot deployment scenario with oversized minimal UE to small cell node distance setting 
(blue dots – small cell nodes, red dots – possible position of UEs, grey circle – hotspot area)
Although the deployment in Figure 6 may not be realistic, we believe that the minimal distance requirement may affect the SINR statistics significantly even for smaller values of the minimal distances and may result in unrealistic results of simulations. To avoid potential problems due to the minimal distance requirement between UE and small cell node we propose to have further discussion in RAN1 on the need of using such eNB to UE distance constraints and 2D distance in the pathloss equations. 
Proposal: 

· Investigate impact of 2D distance modelling in the path loss equations and minimum distance requirement between small cell node and UE for dense small cell deployments.
3 Traffic models


Full buffer and non-full buffer traffic models were recommended for evaluation of the small cells enhancements with a higher priority given to non-full buffer traffic evaluations. Non-full buffer traffic model can be based on FTP traffic model with 0.5 Mbytes and 2 Mbytes packet size as defined in TR 36.814. However to model the geographical areas with larger traffic demands the average packet arrival rate can be set independently for the users that would appear in the hotspot area. Alternatively the fraction Photspot of all hotspot users over the total number of users in the network should be increased comparing to TR 36.814 assumptions (i.e. > 2/3).
4 Frequency arrangement

TR 36.932 specifies that small cell enhancement should address the deployment scenario in which different frequency bands are separately assigned to macro layer and small cell layer, respectively. Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth.
On the other hand the SID [1] also notes the necessity in interference management between the small cells. We would like to stress that efficiency of many interference management techniques depends on the amount of spectrum available for small cells. Therefore quantitative estimates of the spectrum amount should be obtained and used in the simulations as a parameter.

Proposal: 

· Adopt the following frequency arrangement in simulation scenarios:

· Non-co-channel deployment where macro cell nodes use 2 GHz carrier frequency, and small cell nodes use 3.5 GHz carrier frequency
· Define the reference amount of spectrum available in 3.5 GHz band

Summary

In this contribution we have discussed the exact simulation assumptions which can be used for evaluation of small cells. The following proposals have been made.
Proposals: 

· Introduce new assumptions for evaluation of dense outdoor deployment scenario with small cells:

· Clustered dropping of N small cell nodes in hotspot area, where N can take values {2, 6, 10}
· Small cell node transmit power of 23 dBm

· Minimal distance between small cell nodes of 10 meters and minimum distance between small cell node and UE of 3 meters
· Small cell node antenna height of 5 meters, and LOS/NLOS probability as defined in TR 36.814 for outdoor relay to UE model
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· User dropping, path loss, shadow fading standard deviation, fast fading models can be reused from TR 36.819 (UMi channel model)

· Reuse indoor hotspot (InH) model as defined in TR 36.814 for modelling of indoor small cells:

· Consider open subscriber group to model operator deployed scenario

· For dense indoor deployment scenario with small cells the building may contain 2, 4 or 8 small cell nodes

· Use general path loss and LOS/NLOS probabilities as described in the section “Deployment scenarios and assumptions for operator-deployed indoor small cells” above to facilitate modelling of small cells operating at higher frequency (e.g. 3.5 GHz) 
· User dropping may follow Config 4b, where hotspot area corresponds to the area inside building

· Investigate impact of 2D distance modelling in the path loss equations and minimum distance requirement between small cell node and UE for dense small cell deployments.
· Non-full buffer traffic evaluation can be based on FTP model with packet sizes 0.5 and 2 Mbytes, where average rate of the packet arrival can be set independently for the users located in the hotspot area to model larger traffic demands in some geographical areas. Alternatively the fraction Photspot of all hotspot users over the total number of users in the network should be increased comparing to TR 36.814 assumptions (i.e. > 2/3).
· Adopt the following frequency arrangement in simulation scenarios:

· Non-co-channel deployment where macro cell nodes use 2 GHz carrier frequency, and small cell nodes use 3.5 GHz carrier frequency

· Define the reference amount of spectrum available in 3.5 GHz band for evaluation of interference mitigation techniques
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