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1 Introduction
In RAN meeting #66, the work item on LTE BS MMSE-IRC receiver was approved [1]. The target is to improve the LTE uplink spectral efficiency by mainly suppressing the inter-cell interference. According to the objectives of the WI, the work includes two phases:

· Phase I: system-level and link-level evaluations

· Determine the interference model, including the number and the power level of the explicitly modelled interference UEs

· Homogeneous network and heterogeneous network

· Evaluate the performance gain of MMSE-IRC over MMSE receiver

· Phase II:

· Agree on the MMSE-IRC as reference receiver (whether other kind of receiver should be considered)

· Specify the PUSCH performance requirements with MMSE-IRC receiver under inter-cell interference

· Determine whether to specify PUCCH performance requirements with MMSE-IRC receiver under inter-cell interference.

One of the tasks is to run the system simulation to provide the simulation results and determine the parameters for interference modelling. Before that RAN4 should agree on the system simulation assumptions and what statistics should be provided. In this contribution, we would like to focus on the homogeneous network.
2 BS MMSE-IRC Scenarios
According to the objectives in WID, both homogenous scenario and heterogeneous network scenario should be under study. 
There would be two candidate set of system simulation assumptions: one as is used in UE MMSE-IRC study [2], i.e., 3GPP Case 1 and 3GPP Case 3; the other one is NAICS scenario 1 assumptions that was used for UE NAICS study [3], where ITU UMa path loss model is assumed. The latter one is based on the CoMP scenario 1 (Homogeneous network) [4] with the modified parameters.

In our view, 3GPP case 1 and case 3 assumptions will save effort for simulation, while the assumptions for NAICS Scenario 1 would be the most popular currently. So we would like to propose to define the similar scenarios as those for NAICS in BS MMSE-IRC WID.
Like NAICS, we can name homogenous network scenario as BS IRC Scenario 1 and the heterogeneous network as BS IRC Scenario 2. In Figure 1, we provide the pictures for these two scenarios.
· IRC Scenario 1:

· Homogeneous network, macro only, ISD = 500m, three sectors per site
· ITU UMa path loss model;

· Non-ideal backhaul between sites;

· Coordination assumptions: 
· Intra-site information exchange is possible;

· Inter-site information exchange is subject to the backhaul latency. 
· IRC Scenario 2:

· SCE Scenario 1;
· Backhaul assumptions:
· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 
· Between macros of different sites: Non-ideal

· Coordination assumptions:
· Intra-site information exchange is possible
· Inter-site information exchange is subject to the backhaul latency
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(a) BS IRC Scenario 1: Homogeneous network;     (b) BS IRC Scenario 2: Heterogeneous network

Figure 1: BS MMSE IRC Scenarios

· Proposal 1: We propose two scenarios for BS IRC receiver evaluation and requirements: BS IRC Scenario 1, which is based on NAICS scenario 1 (CoMP Scenario 1) for Homogeneous network and BS IRC Scenario 2, which is based on NAICS Scenario 2a (SCE Scenario 1) for Heterogeneous network.
3 System simulation assumptions: Homogenous network
3.1 Specific parameters for uplink system simulation assumptions
The existing NAICS assumptions are mainly for downlink system evaluation. To provide the uplink evaluation assumptions, we need to add more necessary parameters and modify some of the parameters, including:
· Uplink power control: open loop power control for simplicity
· UE dropping: 100% outdoor to maximize the interference levels
· Uplink scheduling: full buffer transmission on PUSCH and allocate the continuous PRBs.
For the parameters of open loop power control we suggest using the same values in [5], i.e., P0=-82dBm, α=0.8 for Macro UE.
· Proposal 2: For the homogenous network system simulation, we propose to apply uplink open loop power control with P0=-82dBm, α=0.8 for Macro cell, drop UE outdoor with 100% and assume the full buffer transmission on PUSCH with continuous PRB allocation. 
3.2 System simulation assumptions for BS IRC Scenario 1
In Table 1, we provide the system simulation assumptions for BS IRC Scenario 1 based on NAICS Scenario 1 with the modification on the uplink transmission.
Table 1: System simulation assumptions for BS IRC Scenario 1
	 Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	Baseline for BS: 2Rx, 4Rx (0.5 lambda), cross-polarized, 2Tx

Baseline for UE: 1 Tx

	Number of small cells per macro cell geographical area
	 ---

	Number of UEs 
	10 per cells

	UE dropping
	100% UEs are outdoor

	Minimum distance 
	Macro BS-UE ≥ 35m

	BS receiver
	IRC as baseline for inter-cell interference mitigation

	BS noise figure
	5dB

	UE speed
	3km/h

	Number of CRS ports
	Use number of eNB Tx antennas independent of the scenario 

	Number of CRS ports
	2 CRS ports

	Cell selection criteria
	RSRP for intra-frequency and no CRE

	Unified handover margin
	3dB

	Network synchronization
	Synchronous between cells located in the same site

	Backhaul Modelling
	Assume that there is no exchange of the information for the assistance for advanced receiver between cells located in different sites.

	Traffic model
	Full buffer transmission on PUSCH.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH; No MU-MIMO and uplink CoMP are used.

	Uplink scheduling
	Proportional fair (continuous PRB scheduling for one user to keep the single carrier characteristic);

	UE power class
	23dBm (200mW)

	Uplink power control
	Open loop power control: FPC, [P0=-82dBm, α=0.8]


4 System-level evaluation methodology
4.1 Parameters to be determined
According to the objectives in WID, the main purpose for system simulation is to determine the interference model for link-level simulation and performance requirements.
For the interference modelling, we think the following parameters that should be decided via the system simulation:
· Power level of each interference;

· Number of dominant inter-cell interference to be explicitly modelled;

· Granularities of the changes of interference characteristics (even or uneven interference);

· Timing delay and frequency offsets (synchronous or asynchronous interferences);
· Modulation schemes for each interference.

4.2 Statistical measures and methodology
4.2.1 Power level
Unlike the downlink system simulation, the interference power level(s) for a target UE on certain PRB(s) in PUSCH is independent of UE location, and across the frequency domain the interference on each PRB may come from different UEs belonging to separate cells, which makes the interference level on separate PRB vary, e.g., the power level of the first strongest interferer on adjacent PRB may be different even if assuming full buffer transmission.
Therefore, we could not reuse the methodologies which are based on conditional distributions and used in UE MMSE-IRC and NAICS work, namely, the concept of geometry and the statistics on condition of geometry could not be used here. So we propose to use unconditional distribution of the levels of the first N strongest interferers for determining the number of inter-cell interference and power levels.
Regarding the statistics to be logged and methods for evaluation, we propose two alternative methods:
· Alternative 1: Dynamic analysis
· Run simulation with scheduling and log the power levels of all the interferences on each scheduled PRB separately;
· On each PRB calculate the uplink DIPs for each interference, which is denoted as
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where Im(n)(k,l) is the averaged level of the interference coming from the m-th UE in the n-th cell which is not the serving cell and is present on the k-th PRB and l-th TTI, and Nth represents the thermal noise;
· Provide the CDF of DIPs of the first N strongest interfering UEs per PRB; 
· Select a number of sets of DIPs corresponding to X-tile on CDF;

· Determine the interference levels:

· Run link-level simulations to find out the throughput gain over MMSE for each set of DIPs and then averaged gain and comparing the gain of each set to the averaged gain then determine the interference DIP level;
· Or, directly use one or two set of DIPs at certain percentile on CDF as the interference levels.
· Alternative 2: Semi-static analysis
· Assume full bandwidth transmission and then calculate the interference power level from each UEs in the other cells;
· Assume that within one cell one UE will be scheduled on a given PRB with the equal probability;

· Calculate the semi-static uplink DIP values as denoted by
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where Im(n) is the possible power level of the interference coming from the m-th UE in the n-th cell to the serving eNB, NUE is the number of UEs within one cell, and here we calculate the statistical average (expectation) of possible interference assuming the uniform distribution;
· Provide the CDF of DIPs of the first N strongest interfering UEs per PRB; 

· Select a number of sets of DIPs corresponding to X-tile on CDF;

· Determine the interference levels:

· Run link-level simulations to find out the throughput gain over MMSE for each set of DIPs and then averaged gain and comparing the gain of each set to the averaged gain then determine the interference DIP level;
· Or, directly use one or two set of DIPs at certain percentile on CDF as the interference levels.
We can go along with both of them. Comparing with Alternative 1, Alternative 2 is simpler but the obtained CDF may be with less spread and can be only based on full buffer transmission assumptions.
· Proposal 3: We propose to provide the unconditional DIP distributions of N interferences ordered from the strongest to the weakest to determine the interference levels.
After we decide the number of dominant interference and the DIPs for interference cells, we can give the noise floor value for Noc and then calculate the interference-to-noise ratio for each explicitly modelled interference, i.e., INR, which will be used in the requirements.
4.2.2 Number of dominant interference to be explicitly modelled
In our view, there would be several ways to determine the number of explicitly modelled dominant interference based on the statistical measures that we got for power level. 
· Alternative 1: Observe the medium values of DIPs (@50% CDF for each interference) and N is the value that the sum of the medium interference power levels of the first N strongest accounts for more than 80% of the sum of the medium levels of all the interferers
· Alternative 2: For the selected DIPs according to the procedure in the previous section, run link level simulations and compare the throughput gain by modelling all the interference to modelling only part of them.
· Alternative 3: Considering the complexity and cost of test and test equipment, N=1 and N=2 would be more feasible number for BS IRC requirements.
In addition, the number of explicitly modelled dominant interferes is also related to the number of eNB receiving antennas. With larger number of receiving antennas, eNB has the power to mitigate more interference. So we propose that:
· Proposal 4: We propose to explicitly model 1~2 inter-cell interference for BS IRC performance evaluation and requirements and for 1×2, 1×4 and 1×8 performance requirements whether 1 or 2 interference should be modelled depends on the link level evaluation by comparing the throughput gains with 1 and 2 interference being modelled. 
4.2.3 Granularities of the changes of interference characteristics
For the granularity one possible option is per PRB and per TTI, since PRB is the minimal scheduling granularity and given that uplink transmission is power limited and in the cell edge single PRB with higher power would be scheduled to ensure the coverage, which may cause higher interference.  
But if we want to further evaluate through the system simulation, one statistical measure in our mind is the distribution of the number of adjacent PRBs with the same interference characteristics. In details, we can run the dynamic analysis mentioned in Section 4.2.1 and then we compare the interferences between the adjacent PRBs. If there are M adjacent PRBs with the same or almost the same interference component, i.e., one these PRB the top-N dominant interference coming from the same UEs, then one credit will be recorded for M event.
· Proposal 5: We prefer to per PRB and per TTI granularity for the change of interference characteristics. But if more analysis was needed, we propose to use the dynamic analysis and provide the distribution of the number of adjacent PRBs with the same interference characteristics
4.2.4 Timing delay and frequency offset
First we can decide the frequency offset values directly according the requirements in 36.104 for BS and 36.101 for UE, i.e., ±0.05ppm frequency error for BS and ±0.1ppm for UE. 
· Proposal 6: Decide the frequency offset values between target signal and interference signals according to BS and UE frequency error requirements.
For timing delay, if the dominant interferences come primarily from the UEs in the cells collocated with the serving cell, i.e., in the same site, then we could justify that the work should be mainly based on synchronous network. To reach that goal, we suggest providing the probability of the events that the d-th strongest interference come from the UE in the 2, …m-th cell, where the 1-th cell is the serving cell. For example, we can provide the probability of the first strongest interference coming from each cell.
Another reason that we prefer the synchronous networks is that a lot of new features were introduced since Rel-11 such as eICIC, FeICIC, CoMP, NAICS all these features will bring in the gain based on the synchronous network assumptions. So to some extent, we can foresee that in the future the trend of network is the synchronous network.
4.2.5 Modulation schemes
In the system simulation, only open loop power control is applied. But in the practical network, the more power control mechanism will be utilized based on the modulation schemes, i.e., the power level is different for QPSK and 16QAM. So in our view, it is difficult to study the modulation schemes by system simulation.
Like the test setup for UE MMSE-IRC receiver requirements, where 16QAM is applied, we prefer to 16QAM modulation schemes for interference modelling, because QPSK as interference is so simple that some other algorithm other than MMSE-IRC could also be used to provide the gain.
· Proposal 7: we propose to apply 16QAM to the interference for BS IRC performance evaluation and requirements.
5 Conclusions

In this paper, we mainly discuss the methodology to determine the interference model based on homogenous network system simulations. We have the following proposals:
For scenarios, we propose that

· Proposal 1: We propose two scenarios for BS IRC receiver evaluation and requirements: BS IRC Scenario 1, which is based on NAICS scenario 1 (CoMP Scenario 1) for Homogeneous network and BS IRC Scenario 2, which is based on NAICS Scenario 2a (SCE Scenario 1) for Heterogeneous network.
For the system simulation assumptions, we propose that

· Proposal 2: For the homogenous network system simulation, we propose to apply uplink open loop power control with P0=-82dBm, α=0.8 for Macro cell, drop UE outdoor with 100% and assume the full buffer transmission on PUSCH with continuous PRB allocation. 
And the detailed system simulation assumptions for Scenario 1 are provided in Table 1.
For evaluation, we propose the following methods and values for some parameters:
· Proposal 3: We propose to provide the unconditional DIP distributions of N interferences ordered from the strongest to the weakest to determine the interference levels.
· Proposal 4: We propose to explicitly model 1~2 inter-cell interference for BS IRC performance evaluation and requirements and for 1×2, 1×4 and 1×8 performance requirements whether 1 or 2 interference should be modelled depends on the link level evaluation by comparing the throughput gains with 1 and 2 interference being modelled. 
· Proposal 5: We prefer to per PRB and per TTI granularity for the change of interference characteristics. But if more analysis was needed, we propose to use the dynamic analysis and provide the distribution of the number of adjacent PRBs with the same interference characteristics
· Proposal 6: Decide the frequency offset values between target signal and interference signals according to BS and UE frequency error requirements.
· Proposal 7: we propose to apply 16QAM to the interference for BS IRC performance evaluation and requirements.
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