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1
Introduction
During eIMTA study item phase [1], network based cell-clustering interference mitigation schemes have gained interest among 3GPP partners to mitigate cross-link interference components in multi-cell network with dynamic UL/DL TDD configuration. In e.g. [2], [3], [4], [5], the network based cell-clustering schemes have been studied in single- and multi-cell pico deployment scenarios with various traffic asymmetric as well as network load assumptions.
In this contribution, we provide further insights on the operation of the cell-clustering in different Rel-12 deployment scenarios. Particularly, the impact of different deployment scenarios to a cluster size as well as packet throughput performance are discussed in Rel-12 eIMTA deployment scenarios. 
2 
Discussion on Cell-Clustering in Rel-12 eIMTA Scenarios

In this section, system-level results on the operation of a cell-clustering scheme in two different Rel-12 eIMTA deployment scenarios are presented. More specifically, the performance of cell-clustering in outdoor multi-cell as well as indoor multi-cell femto scenarios is examined. 
Typically, clusters are formed among cells based on a coupling metric, e.g. path loss, to determine the feasibility of a cell to be part of a cluster. In this paper, we consider a coupling loss based cell-clustering scheme where the coupling loss of X dB was used as a clustering threshold [1]. Simulated values for X are [40, 50, 60, 80, 100, 120,140 and 160] dB together with reference case where no cell-clustering is considered. 
In the following, the probability density function of a cluster size as well as the mean cluster size for different coupling loss thresholds are shown. In addition, the cell average packet throughputs as a function of packet arrival rate are presented and analyzed. The adaptation time scale for uplink (UL)/downlink (DL) reconfiguration is set at 10ms. For benchmarking purposes, the results of without the cell clustering (No CC)  as well as the fixed UL/DL configuration #1 are added. The simulation parameters and assumptions are summarized in Appendices A to D.
2.1 Outdoor Multi-cell Pico Deployment 

In this section, the system-level results on outdoor multi-cell pico deployment scenario are discussed.  
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Figure 1. The probability density function of a cluster size for outdoor multi-cell pico deployment. 
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Figure 2. The mean cluster size with different threshold values.
It is worth noting that the coupling threshold being 160 dB only a single cluster is formed. Hence, to ease the readability of figures, the results with 160 dB are discarded from the figures.
Figure 1 shows the probability density function of cluster size for eIMTA outdoor multi-cell pico with 4 BSs. As can be seen, the most of the cases with different pathloss thresholds lead to situation in which the cluster size is equal to one, except the case with 140 dB threshold. It is also notable that with threshold 40dB no clusters are formed. 
In Figure 2 the mean cluster sizes with different coupling loss threshold are presented.  It can be seen that by having threshold values to be within [40,120] dB, the maximum cluster size is limited to 2. 

Observation 1: 
· In eIMTA multi-cell pico deployment scenario, with high probability (≥65%), the cluster size is equal to one when the coupling loss threshold is within 40-120 dB range. Note that by increasing the coupling threshold ≥140 dB, the probability to form clusters having more than one cell within a cluster is increased. In general, the usage of coupling loss threshold values above 80 dB may have marginal interest in practical networks. 
· Two extreme cases for different coupling loss thresholds can be distinguished: 40 dB no clusters at all, 160 dB all cell within one cluster
To simplify the cell average packet throughput evaluations, only the subset of possible coupling loss threshold values, i.e. [50, 80 and 160] , is considered in the simulations. The cell average packet throughput is defined as an average of mean UE packet throughputs which is defined as an average of packet throughputs over all packets sent/received by the UE.
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Figure 3. Cell average packet throughput as a function of packet arrival, packet size=0.5 Mbytes, λDL/ λUL=0.5.
The cell average downlink packet throughput as function of packet arrival rate is presented in Figure 3. As can be observed, autonomous traffic adaptation, i.e., cell specific traffic adaptation, and the cell-clustering with 50 dB threshold provide nearly the same cell average packet throughput performance with all traffic loadings. The results are in line with the earlier discussion regarding to the size of a cluster. As was shown earlier, there is a high probability to form clusters only with a single cell within a cluster with 50 db coupling loss. In general, it can be concluded that a flexible traffic adaptation capability has a major role in the DL cell average packet throughput performance. It is worth noting that even single cluster case (160dB) with dynamic UL/DL reconfiguration the fixed reference TDD configuration #1 is outperformed. 
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Figure 4. Cell average packet throughput as a function of UL packet arrival rate, packet size=0.5 Mbytes, λDL/ λUL=0.5.
Figure 4 illustrates the uplink cell average packet throughput performance as a function of UL packet arrival rate. It can be concluded that a traffic adaptation capability has a similar merit in the UL cell average throughput performance as in the case of downlink. Only exception is that the fixed configuration (TDD configuration #1) provides the best performance at the high network loadings.
Observation 2: 
· In case of eIMTA multi-cell pico deployment scenario, a flexible traffic adaptation capability has a major role in both DL and UL packet throughput performance.
2.2 Indoor Multi-cell Femto deployment
In this section, the system-level results on indoor multi-cell femto deployment scenario are discussed.  
[image: image5.jpg]Probability [%]

Cell Clustering, eIMTA Femto-Femto

2 3 4
Cluster size

0B
[ EEE
[XesodB
[JsodB
CJ100dB
12048
B 140 0B
B 160 B





Figure 5. The probability densities function of cluster size for indoor multi-cell femto deployment.
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Figure 6. The mean cluster size with different threshold values.

Figure 5 shows the probability density function of a cluster size for multi-cell femto deployment.  It can be observed that, in practice, clusters are not formed with the coupling loss threshold values being < 80 dB. In the case of 80 dB coupling loss threshold, 20% of all cases lead to a situation in which the cluster size is either 2 or 3. 

Figure 6 shows the mean cluster size with different cell-clustering thresholds.  As can be seen, the size of a cluster sizes starts to increase remarkable when thresholds exceed 120 dB. Unlike in eIMTA multi-cell pico scenario, the 160 dB threshold value does not force all the cells to be within a single cluster. Instead of this, it leads to a situation in which the mean cluster size is equal to 25. In other words, this corresponds to the situation in which cells in each dual stripe block form single cluster. 
In general, in contrast to pico deployment scenario, femto cells are more isolated with neighbouring cells. This is due to scenario dependent propagation; wall/floor losses, and simpler antennas (i.e. 0dBi antenna gain).
Observation 3:

· In eIMTA indoor deployment scenario,  clusters are not formed until coupling loss threshold reaches 80 dB 
· The number of clusters does not start to increase remarkably until threshold value exceed 120dB 
To simplify the cell average packet throughput evaluations, the coupling loss thresholds below 80 dB are discarded. The following analysis is conducted with coupling threshold values [80, 100, 120, 140 and 160] dB.
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Figure 7. Cell average packet throughput as a function of packet arrival, packet size=0.5 Mbytes, λDL/ λUL=0.5.
Figure 7 shows average cell packet throughput with different downlink packet arrivals. As can be observed, the capability to flexibly to adapt UL/DL transmission ratio according to the traffic situation of a network leads to the best cell average packet throughput performance. This is due to the isolated nature of cells in the indoor multi-cell femto scenario. 
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Figure 8. Cell average packet throughput as a function of packet arrival, packet size=0.5 Mbytes, λDL/ λUL=0.5..
Figure 8 represents the uplink cell average packet throughputs as a function of packet arrival rate. As can be seen, autonomous traffic adaptation scheme outperforms slightly the cell-clustering scheme with different coupling loss thresholds. Again, due to the isolated nature of cells in the indoor multi-cell scenario, traffic adaptation capability has a major role in the cell average packet throughput performance. 
Observation 4:

· In eIMTA indoor scenario, autonomous traffic adaptation provides gain over the performance of the cell-clustering in terms of downlink cell average packet throughput.
3 
eIMTA Operation in Rel-12 Small Cell Deployment Scenarios

In this section, we discuss briefly the operation of dynamic TDD in Rel-12 small cell deployment scenarios. 

During the discussion in the RAN1#72 meeting on the Small Cell PHY enhancements SI [6], three scenarios were agreed as baseline for the performance evaluation of the small cell studies [7]. The discussion on the details of the scenarios was discussed in an e-mail discussionin the RAN1 reflector, and the final outcome of the discussion, agreeing to the baseline simulation assumptions for the scenarios, was agreed in [8]. However, it is expected that the detailed assumptions are still discussed and officially agreed in the RAN1#72bis meeting.
We note that the agreed scenario bear similarity similar to the ones studied in the eIMTA SI [1]. Considering the agreements on the small cell scenarios so far, we see that the small cells are clearly dropped in clusters, i.e. close to each other. The intent of clustering is used in the eIMTA WI is close to that deployment option: Ensuring that the cells close to each other are using the same TDD configuration, with the underlying assumption that those cells are connected via some means.

Given that the eIMTA techniques might well be utilized in the small cell scenarios, it would be good that RAN1 would also evaluate the eIMTA performance in these scenarios as well. This would provide a better picture of how the eIMTA mechanisms like clustering could perform in scenarios that are expected to be topical for the Rel-12 timeframe.
Proposal 1: RAN1 should evaluate the eIMTA performance also in the small cell scenarios described in [7] [8].
4
Conclusions
In this contribution, further insights on the operation of the cell-clustering scheme in different Rel-12 deployment scenarios have been provided. Particularly, the impact of different deployment scenarios to a cluster size as well as average packet throughput performance has been discussed in Rel-12 eIMTA deployment scenarios. 
 Observation 1: 
· In eIMTA multi-cell pico deployment scenario, with high probability (≥65%), the cluster size is equal to one with  a coupling loss threshold being within 40-120 dB range. Note that by increasing the coupling threshold ≥140 dB, the probability to form clusters having more than one cell within a cluster is increased. In general, the usage of coupling loss threshold values above 80 dB may have a marginal interest in practical networks. 
· Two extereme cases for different coupling loss thresholds can be distinguished: 40 dB no clusters at all, 160 dB all cell within one cluster
Observation 2: 
· In case of eIMTA multi-cell pico deployment scenario, a flexible traffic adaptation capability has a major role in both DL and UL packet throughput performances.
Observation 3:

· In eIMTA indoor deployment scenario,  clusters are not formed until coupling loss threshold reaches 80dB 
· The number of clusters does not start to increase remarkably until threshold value exceed 120dB 
Observation 4:

· In eIMTA indoor scenario, autonomous traffic adaptation provides gain over the performance of the cell-clustering in terms of downlink cell average packet throughput.
Finally, we note that the eIMTA and small cell scenarios have clear similarities. Therefore, we propose that the eIMTA performance should also be evaluated in the small cell scenarios:

Proposal 1: RAN1 should evaluate the eIMTA performance also in the small cell scenarios described in [7], [8].
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Appendix A: Propagation Parameters
	Case
	Path loss model

	Femto-Femto

	UE to Femto BS 
	Dual-stripe model: 
UE is inside the same apt stripe as Femto BS
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and Femto BS

	
	Dual-stripe model: 
UE is outside the apt stripe
	PL (dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 

	
	Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB

	Femto- Femto

	Reuse the UE to Femto BS model in TR36.814 according to the location of Femto station.

	UE-UE

	Reuse the UE to Femto BS model in TR36.814 according to the location of UE.

	outdoor Pico-outdoor Pico

	Outdoor Pico- outdoor Pico
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) 

else, PL(R)=101.9+40log10(R), R in km

NLOS: PL= 40log(R)+169.36   R in km  

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor Pico-UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor UE-outdoor UE
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=40log(R)+175.78 R in km

 (Xia model)

	Note1: Liw is the penetration loss of the wall separating apartments, which is 5dB.

Note2: The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 

Note3: Low is the penetration loss of an outdoor wall, which is 20dB.
Note4: Low,1 and Low,2 are the penetration losses of outdoor walls for the two houses.


Appendix B: Simulation Parameters for eIMTA Outdoor Multi-cell Pico
	Simulation Scenario
	outdoor Pico-outdoor Pico cells        

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m                                                                                           [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout (see [36.942])

Note: The macro-cells are not simulated. 

	Outdoor Pico deployment
	40m radius, random deployment
[36.814]

	Number of Pico cells per sector
	4

	Minimum distance 
between outdoor Pico cells 
	40m
[36.814]

	Minimum distance between outdoor Pico and Macro
	0m

	Outdoor Pico antenna pattern
	2D, Omni-directional
[36.814]

	Outdoor Pico antenna gain
	5 dBi
[36.814]

	UE antenna gain
	0 dBi
[36.942]

	Outdoor Pico noise figure
	13 dB
[36.104]

	UE noise figure
	9 dB
[36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW)
[36.814]

	 Number of UEs per  Pico cell  
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	User distribution
	Cluster, Photspot = 1

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5
[36.814]

	Pathloss model
	 
	

	Shadowing standard deviation
	Pico to UE LOS
	3 dB

	
	Pico to UE NLOS
	4 dB

	
	UE to UE
	12 dB

	
	Pico to Pico
	6 dB


Appendix C: Simulation Assumptions for eIMTA Outdoor Multi-cell Pico
	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	BS receiver 
	MRC

	UE receiver
	MRC

	Adaptation method of UL-DL reconfiguration
	10ms interval, based on instantaneous load

	Link adaptation
	MCS selection with 10% BLER, ideal LA, no OLLA


	Channel estimation
	Ideal

	Outdoor Pico DL power control
	Not modeled

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	Not modeled

	CP length
	normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is either not modeled or model according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). Details to be provided by each company

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order


Appendix D: Simulation Parameters for eIMTA Indoor Multi-cell Femto
	Parameter
	Assumption

	Femto antenna gain
	0 dBi

	Femto antenna pattern
	Omni-directional

	Femto DL power control
	Case2: without Femto DL power control, i.e. with max Femto Tx power.

	UE UL Power control
	open-loop : alpha = 0.8, Po= -75dBm

	Femto transmission power
	20dBm

	Femto Noise Figure
	13dB

	Number of row per floor
	4

	max number of cells per row
	10

	number of blocks per cell
	1

	number of floors per block
	6

	deployment ratio *activation ratio
	0.1

	Femto UE number per active HeNB
	1

	Probability of Macro UE being indoors for Macro-Femto case
	0, indoor UEs only

	Shadowing standard deviation
	Femto to UE
	4 dB

	
	Femto to Femto
	4 dB

	
	UE to UE
	4 dB

	Shadow fading correlation between nodes
	0
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