Page 1

3GPP TSG-RAN WG4 #60
R1-114214
August 22-26, 2011
Athens, Greece
Agenda item:
7.4.1
Source: 
Qualcomm Incorporated
Title: 
System level simulations on side condition for eICIC
Document for:
Discussion

1
Introduction
In the previous RAN4 meetings, the working group could not agree on the interfering cell SNR for demod requirements due to lack of system level studies to verify the proper setting. In this contribution, we evaluate the interfering cell SNR for the macro pico scenario.
2
Interference Model for Demod Requirements

It was agreed that RAN4 demod requirements for eICIC will be defined with single interfering cell initially [1]. In this case, the test setup will include the serving cell, the interfering cell and a white noise source. The white noise source is used to model time-invariant background interference. The interfering cell is used to model time varying interference that follows the TDM almost blank subframe (ABS) pattern.
The CRS interference from the interfering cell on ABS subframes are expected to be both time and frequency selection. There are two types of ABS: non-MBSFN and MBSFN. The first type is obtained from a regular subframe, where (for 2 Tx antennas) CRS is present in OFDM symbols 0, 4, 7 and 11. The second type is a subframe intended to carry eMBMS service that can be utilized to carry unicast traffic as well, and contains CRS only (for 2 TX antennas) in OFDM symbol 0. These two subframe types (illustrated for clarity in a single resource block), as they appear received from the neighboring cell at the UE are illustrated in Figure 1.
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Figure 1: Illustration of a) non-MBSFN ABS and b) MBSFN ABS.

There are four possible scenarios of interest when ABS subframes are utilized, and they differ in terms of location of CRS resource elements and utilization of MBSFN subframes. In the rest of the documents we use non-colliding RS with non-MBSFN ABS and colliding RS with MBSFN ABS to illustrate the interference model of interests (Figure 2). 
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Figure 2: Illustration for a) non-colliding CRS scenario for non-MBSFN-ABS;  and b) colliding CRS scenario for  MBSFN ABS subframes.

In practical networks, it is likely that multiple neighboring macro cells are configured with ABS patterns. Since TDM partitioning is configured among synchronous cells, OFDM symbols other than 0, 4, 7, 11 are free of macro interference from ABS subframes regardless of ABS type, CRS planning, and number of macro interfering cells. The interference level over these symbols is effectively the aggregated interference from neighboring pico cells. 
Observation 1: On ABS subframes, OFDM symbols other than 0, 4, 7, and 11 are free of macro interference regardless of ABS type, CRS planning and number of macro cells. The only interference observed on these symbols is from other picos.
Given that neighboring pico interference is expected to be time invariant, it does not need to be explicitly modelled as an interfering cell. In 36.133, Noc is defined as following “The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector”. Hence, it is recommended that Noc in eICIC performance tests should capture the aggregated pico layer interference.
Proposal 1: Interference over ABS subframes (except for some tones over  OFDM symbols 0, 4, 7, and 11) could be modelled with white noise with power Noc, which corresponds to the aggregated interference from neighboring pico cells.
Interference in addition to Noc is received by a pico UE due to the transmission from the interfering macro cell(s) over normal subframes and some tones on OFDM symbols 0, 4, 7, and 11 on ABS subframes. The exact interference pattern is could be affected by the PCI planning of pico/macro cells. This time varying interference should be modelled in the tests with explicit interfering cell(s). In order to reduce complexity, initially one interfering cell is modelled [1]. The level of this interference with respect to Noc should be derived from system level simulations.

Proposal 2: Additional interference over normal subframes and some tones of OFDM symbols 0, 4, 7, 11 of ABS subframes should be modelled with a single interfere at a Es/Noc level that reflects the typical macro layer interference to pico layer interference ratio.

In the next section, we simulate different network configurations to derive typical Noc and interfering cell Es/Noc values for performance definition.
3 
System level simulations.
3.1 
Simulations assumptions 

All simulation parameters are set according to [2] in dense urban (D1) layout with uniform UE distribution (Config 1). To study the sensitivity of interference statistics, we studied two HO biases of 6 and 9 dB. 
The density of the hotzone (pico) cells is 4 hotzones/macro cell. Other assumptions of interest:

· Scheduling: We focus on proportional fair (PF) scheduling.  

· Vertical Antenna: Vertical antenna as defined in the Appendix of TR 36.814 [2] is enabled, where the electrical antenna downtilt 
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 = 10 degrees, which we believe better reflect realistic deployments.

· Channel Model: NLOS based path loss modelling is considered.
3.2
Simulations results
In Proposal 1, the aggregated pico interference is suggested to be used to model Noc level in eICIC demod requirements. Figures 3, 4 and 5 show the Noc, serving cell Es/Noc and interfering cell Es/Noc CDFs for 6 and 9 dB biases. Note that the Noc value in Figure 3 is over 9 MHz instead of normalized over 15 KHz.
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Figure 3 Noc that corresponds to aggregated pico layer interference 
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Figure 4 Serving cell Es/Noc that corresponds to the serving cell signal level over pico layer interference ratio
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Figure 5 Interfering macro cell Es/Noc that corresponds to the total macro layer interference to pico layer interference ratio.
Key statistics from Figures 3 to 5 are summarized in Table 1. It is observed that as the bias increases, the interferer Es/Noc also increases. The typical Es/Noc level for interfering cell is found to be between 12 and 13 dB for the pico density and bias considered in this contribution. In addition, the typical serving cell Es/Noc is found to be between 9 and 12 dB, which also corresponds to the data symbol Es/Iot over ABS subframes due to the lack of macro interference. On the other hand, the typical serving cell Es/Iot over normal subframes is found to be between -6 and -2 dB.
Table 1 Key statistics for macro pico deployments with 4 picos/macro
	
	Noc (dBm over 9 MHz)
	Interfering cell Es/Noc (dB)
	Serving cell Es/Noc (dB)
	Serving cell Es/Iot over normal subframes (dB)

	HO Bias
	5%
	50%
	5%
	50%
	5%
	50%
	5%
	50%

	6 dB
	-90
	-76
	3.5
	12.5
	0.3
	11.7
	-9
	-2.7

	9 dB
	-90
	-77
	4.1
	13.2
	-0.8
	9.3
	-12
	-5.5


Based on the observation above, we recommend to set the interfering cell Es/Noc to be 13 dB in eICIC demod tests. 
Proposal 3, Interfering cell Es/Noc setting for eICIC demod requirements based on system level simulation is [13] dB.
4 
Conclusions

In this contribution, we simulated macro/pico layout with eICIC deployment with 6 and 9 dB HO bias. We recommend the working group to take following proposals into account when defining eICIC demod performance.
Proposal 1: Interference over ABS subframes (except for some tones over  OFDM symbols 0, 4, 7, and 11) could be modelled with white noise with power Noc, which corresponds to the aggregated interference from neighboring pico cells.
Proposal 2: Additional interference over normal subframes and some tones of OFDM symbols 0, 4, 7, 11 of ABS subframes should be modelled with a single interfere at a Es/Noc level that reflects the typical macro layer interference to pico layer interference ratio..

Proposal 3, Interfering cell Es/Noc setting for eICIC demod requirements based on system level simulation is [13] dB.
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