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1. Introduction

In the previous RAN4#62 meeting RAN4 WG agreed on the feasibility of two single operator multi-cell deployments scenarios with Outdoor Pico stations [2]-[4] studied within the scope of LTE-TDD eIMTA SI [1]:
· Multiple outdoor pico cells deployed on the same carrier frequency;
· Multiple outdoor pico cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same UL-DL configuration and outdoor pico cells can adjust UL-DL configuration.
It was agreed that interference management mechanisms are needed to handle the DL-UL interference problem in this multi-cell environment. In this contribution we continue the evaluation of the Macro-Outdoor Pico deployment scenario [4] for the case when Macro and Pico stations operate in co-channel. Similar to previous analysis it is also assumed that different Pico stations may have different UL-DL configurations while all Macro stations have the same UL-DL configuration. In the following sections we provide the summary of the deterministic analysis and system level Monte-Carlo evaluation results. The interference analysis has been conducted for the cases with and without using interference management.
2. Interference Analysis
In co-channel Macro-Pico scenario all Macro and outdoor Pico stations operate on one carrier. Four outdoor Pico stations are randomly dropped inside each sector of Macro-cell area. The user terminals in this HetNet deployment are divided into two groups: Macro UEs (MUEs) and Pico UEs (PUEs) operating with Macro and Pico stations, respectively.
2.1. Deterministic Analysis
In this section the 0.8 dB de-sensitivity criteria is applied for calculation of the required minimum separation distance between Macro and outdoor Pico stations. The Macro-Pico propagation characteristics agreed by RAN4 are determined by LOS (PL(R) = 100.7+23.5log10(R)) and NLOS (PL(R) = 125.2+36.3log10(R)) pathloss models. The minimum separation distance requirements for LOS and NLOS models were calculated using the agreed Macro and Pico station transmission/reception parameters and are shown in Table 1.

Table 1. Minimum separation distance for 0.8 dB de-sensitivity criteria in Macro - outdoor Pico adjacent channel scenario.
	
	LOS pathloss model
	NLOS pathloss model

	Macro-Pico minimum separation distance, km
	516.5
	12.06

	LOS probability for Macro-Pico minimum separation distance
	3.4e-5
	0.0015

	Pico-Macro minimum separation distance, km
	131.02
	4.96

	LOS probability for Pico-Macro minimum separation distance
	1.37e-4
	0.0036


Observations:
· The minimum separation distance between Macro and Pico in NLOS environment should be larger than 12.06 km. The impact of Pico on Macro is less severe and the required distance in NLOS environment should be larger than 4.96 km.
· The minimum separation distance between Macro and Pico in LOS environment should be larger than 516.5 km. The impact of Pico on Macro is less severe and the required distance in NLOS environment should be larger than 131.02 km.

· In both LOS and NLOS propagation conditions the minimum Macro-Pico and Pico-Macro separation distances are much larger than in practical LTE deployments.
2.2. System Level Simulation Analysis (Monte Carlo)
In the following section the DL and UL geometry SINR analysis for Macro and Pico UEs is presented for two cases: with and without interference management. The impact on Macro and Pico UEs performance is studied under an assumption that Pico stations may have opposite transmission directions while transmission directions of all Macro stations are aligned.

2.2.1 DL and UL SINR Analysis without Interference Management
The CDFs of DL geometry SINRs for the Macro-Outdoor Pico deployment scenario are shown in Figure 1.
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Figure 1: Co-channel Macro - Pico Scenario. DL Geometry SINR Analysis 
The following observation can be made from the analysis of DL geometry SINR of Macro and Pico UEs:
Observations:

· DL SINR of Macro UEs is not sensitive to the transmission direction of Pico cells and is limited by the DL inter-cell interference from other Macro-cells.
· DL SINR of Pico UEs is limited by DL inter-cell interference from Macro cells and improves dramatically if Macro cells are switched to UL transmission direction.
The CDFs of UL Geometry SINR for Pico and Macro UEs are shown in Figure 2.
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	Figure 2: Co-channel Macro - Pico Scenario. UL Geometry SINR Analysis


The following observation can be made from the analysis of UL geometry SINR of Macro and Pico UEs:
Observations:

· UL SINR of Macro UEs is very sensitive to the transmission direction of Pico cells and degrades substantially (~ 40dB) when 50% of Pico stations change transmission direction from UL to DL.
· UL SINR of Pico UEs is very sensitive to the transmission direction of Macro and Pico cells. The DL transmission in Macro cells causes ~60dB degradation of Pico UEs UL SINR. The opposite transmission direction in Pico cell also significantly affects the UL SINR of Pico UEs as was already previously reported in [2]-[4].
2.2.2 DL and UL SINR Analysis with Interference Management

The DL-UL interference analysis presented in the previous section shows significant degradation of UL Geometry SINR for Macro and Pico UEs if 50% of Pico stations operate in DL. It was also noted that the UL operation of Pico UEs is infeasible if all Macro cells operate in DL. The only combination that can potentially benefit from the DL-UL interference management is the case when all Macro cells operate in UL and Pico cells adjust their transmission direction. To reduce the UL SINR degradation in this case the interference management can be applied. To avoid DL-UL interference Pico stations having high coupling with Macro and/or Pico stations are assigned to use the same transmission direction and the remaining Pico stations adapt their transmission directions. 

In the considered heterogeneous deployment scenario two types of coupling can be defined:

· Coupling of Pico stations with Macro stations. To manage the impact of the DL-UL interference from Pico stations on Macro cells, all Pico stations with pathgains which are higher than the predefined threshold XMP  are restricted to use the same transmission direction as Macro stations.
· Coupling between Pico stations. To manage the impact of the DL-UL interference level among Pico stations, all Pico stations which have Pico-Pico pathgains higher than the predefined threshold XPP are restricted to use the same transmission directions.
As a result of this DL-UL interference management all Pico cells will be divided into cell clusters. There will be one Macro-Pico cluster (all Macro cells and coupled Pico cells) and multiple Pico clusters (Pico cells only). In the following SINR analysis it is assumed that Pico clusters are randomly assigned to DL or UL transmission direction and the Macro-Pico cluster always operates in UL. The main problem that has to be solved is the impact of the DL transmission of Pico stations on the UL operation of Macro cells. To investigate this problem different Macro-Pico pathgain threshold XMP values were examined. The system level simulation results of UL geometry SINR analysis for Macro and Pico UEs are shown in Figure 3. In addition in Figure 4 we show the average percentage of Pico stations that join the Macro-Pico cell cluster depending on the value of the XMP threshold.
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	a) Macro UE UL SINR
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	Figure 3: Co-channel Macro - Pico Scenario. UL Geometry SINR Analysis
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Figure 4: Percentage of Pico stations joined Macro-Pico cluster
As it can be seen from Figure 3 the UL SINR of Macro and Pico UEs is improved once the value of XMP is increased. However the percentage of Pico stations that join Macro-Pico cell cluster also increases (see Figure 4) and it may have negative impact on the overall network traffic adaptation capabilities. The UL SINR curve of Macro UE approaches the baseline case when all Macro and Pico cells operate in UL however in this case almost all Pico stations are assigned to the Macro-Pico cell cluster. Note that the UL SINR performance of Pico UEs also improves that can be explained by the reduced percentage of Pico stations operating in DL. The alternative mechanism of DL-UL interference management is to apply pathgain threshold XPP between Pico stations. This method helps to resolve the DL-UL interference problem at Pico level but is not helpful for Macro UEs.
Another possible solution for DL-UL interference problem is to apply DL power control/transmit power reduction at Pico stations. However as it was stated in the RAN4 WG evaluation assumptions the “Outdoor Pico DL power control is not modeled, i.e. max Outdoor Pico Tx power” is used in the RAN4 worst case analysis.
Observations:
· The DL-UL interference management on Macro-Pico links helps to improve the UL SINR performance of Macro and Pico UEs but substantially reduces the traffic adaptation capabilities since the amount of Pico stations that should operate synchronously with Macro stations is increased dramatically when acceptable UL SINR are achieved.
· The DL-UL interference management on Pico-Pico links helps to improve the UL SINR of Pico UEs but does not help to resolve the UL SINR problem for Macro UEs.
3. Summary
In summary the following observations can be concluded from the feasibility study of Macro-Pico co-channel scenario conducted in this document:
· Deterministic analysis on minimum separation distance shows impractical distances for Macro-Pico deployment scenarios when both Macro and Pico stations operate in co-channel.
· DL inter-cell interference from Macro cells prevents adaptation of Pico cell transmission directions.
· DL transmission in Pico cells significantly affects UL SINR of Macro UEs. The usage of DL-UL interference management algorithm in application to Macro-Pico links leads to synchronous operation of Macro and Pico cells.

· Pico stations can switch transmission direction only if the following mechanisms are jointly applied:

· Macro cells operate in UL or mute their DL transmissions (e.g. use almost blank DL subframes or there is no traffic);

· Interference management between Pico stations is applied.
Proposal:
Recommend Macro-Outdoor Pico co-channel single operator scenario for further evaluation in RAN1 to check if traffic adaptation benefits can be achieved at low and medium system loadings.
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