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Abstract: In RAN #53, a new study item on “Enhanced performance requirement for LTE UE” was approved [1]. The scope of the new study item includes two aspects: identifying realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference; Study and evaluate feasibility and potential gain by advanced receiver at link and system levels. In this contribution, we outline considerations on the evaluation scenarios, interference models and performance metric. More specifically, we made the following proposals: Proposal 1: Evaluate full buffer and FTP traffic model 1 in [3] with limited parameters for network loading modelling; Proposal 2: Prioritize D1 for morphology and EVA 5 for channel model in performance evaluation during the study item; Proposal 3: Prioritize synchronous network performance while covering reduced asynchronous cases; Proposal 4: Different serving and interfering cell transmission modes should be considered; Proposal 5: Interference model should be extracted from system simulations then applied to link simulations, where the interference profile includes cell specific (PCI, TM, Rank, PMI, Power, Modulation, Channel) information; Proposal 6: System level performance metric should be provided such as full buffer 5% throughput, full buffer cell throughput, FTP Mean 5%, 50%, 95% user throughput, FTP serving cell throughput, FTP resource utilization; Proposal 7: Link level performance should include both open and closed loop performance with control channel modeling.
1. Introduction
A new study item on advanced receivers for inter-cell interference mitigation was approved in RAN #53. The detailed objectives of the new study item include the following:  
· Identify realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference.
· Evaluation should be based on realistic modelling of inter-cell interference, including both synchronous and asynchronous operations among macro eNBs,  different precoders,ranks and powers applied over consecutive subframes, and effect of CRS and control channels to which different precoder is applied compared with data channels.
· Study and evaluate feasibility and potential gain by advanced receiver at link and system levels:
…
In this contribution, we made proposals on the targeted work for RAN4 #60bis:  evaluation scenarios, interference models, and performance metrics.
2. Evaluation Scenarios
The LTE Rel-8/9 baseline receiver is assumed to be a LMMSE receiver, which could potentially suppress inter-cell interferences in practical network. This inter-cell interference suppression capability is, however, not tested in the LTE demod and CSI baseline performance tests [2], which assumes AWGN interference for other cell interference except for eICIC cases. In addition, more advanced receivers structure could also be considered for inter-cell interference mitigation.

In order to evaluate the performance gain of inter-cell interference suppression receiver, realistic interference models should be used in both link level and system level simulations. Inter-cell interference characteristics are known to be impacted by the following:

1. Network loading.

2. Channel model and morphology.
3. Network synchronization.
4. Transmission mode.

In the rest of this section, we provide considerations on each of these factors.
2.1. Network loading

In previous studies of Rel-10 features, both full buffer and non-full buffer FTP models have been used in RAN1 [3]. We propose to first evaluate the interference profile based on full buffer and FTP model.
For the case of non-full buffer FTP model, “model 1” as specified in Table A.2.1.3.1-1 has been used as the baseline. 

Table A.2.1.3.1-1. FTP Traffic Model 1

	Parameter
	Statistical Characterization

	File size, S

	2 Mbytes (0.5 Mbytes optional)
 (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ


· Use 2 MB file size for calibration purposes.

· Possible range of λ is limited to [0.12, 0.625, X] for 2 Mbytes in order to reduce complexity, where X is defined as the maximum stable offered load. 
Proposal 1: Evaluate full buffer and FTP traffic model 1 in [3] with limited parameters for network loading modeling. 

2.2. Channel Model and Morphology
There exists many channel models with different level of sophistications and accuracy of modeling realistic propagations. ITU models have been proposed in RAN1 studies for system level and link level simulations [3]. For this study item, we believe the channel model should be adopted with one additional goal of apple to apple comparison with existing baseline performance requirements in [2]. Candidate fading channel models in the baseline performance spec include EPA, EVA and ETU, where EVA has more typical multipath delay compared to the other two models.

In addition, the channel should reflect the channel condition of typical UEs that experience high inter-cell interference. Since inter-cell interference is most dominant in dense urban scenarios with close cell site spacing, we suggest adopt D1  (dense urban with 500m s2s distance) as the baseline morphology. In addition, typical UE mobility is expected to be limited in dense urban deployments, hence a 5 Hz Doppler would be appropriate.
Proposal 2: Prioritize D1 for morphology and EVA 5 for channel model in performance evaluation during the study item. Other models could be introduced later. 
2.3. Network Synchronization

In practical networks, synchronization between eNBs are largely deployment dependent. While some operators have network-wide synchronization, others have asynchronous cells except for cells of the same eNB. There is however a trend in having a higher degree of synchronization among cells for two reasons

1. Increased availability of TDD bands, which requires network synchronization

2. Adoption of latest and future LTE features such as eICIC, relay, and CoMP, which potentially provide more gains in synchronous networks.

Proposal 3: Prioritize synchronous network performance while covering reduced asynchronous cases. 

2.4. Transmission Modes

Receiver performance is known to be drastically different for different transmission modes. Fundamentally, there are two categories of transmission modes: CRS based and UE-RS based receivers. Within the scope of this study item, both categories should be covered. In addition, different transmission modes also produce different spatial interference characteristics. For example, TM4 and TM3 non-spatial multiplexing transmission generates rank 1 and rank 2 inter-cell interferences, respectively.
Proposal 4: Different serving and interfering cell transmission modes should be considered.
3. Interference Models

Explicit interference model is required to study the performance of advanced receivers under inter-cell interference. Interference could be explicitly logged in the system level simulations, but integrating detailed receiver algorithm in system level simulations could be computationally prohibitive. Hence, we propose to take a three-stepped approach for performance evaluation in order to reduce simulation complexity:

1. First evaluate the interference profile in system level simulations.

2. Then evaluate link level performance based on a set of typical interference profiles generated from system simulations. 

3. Re-evaluate the system level performance based on updated link performance generated in step 2.

Following aspects should be considered in system level simulations in order to generate realistic network interference profile:
1. eNB scheduling algorithm should be agreed upon for calibration purposes: Round-robin TDM scheduling.

2. PCI planning should be modeled explicitly. Two candidate options are: 1/3 frequency shift for cells in the same eNB; Random.
3. Interference profile should contain neighbor cells (PCI, TM, Rank, PMI, power, modulation, channel) statistics.

Following aspects should be considered in link level simulations
1. Based on system level simulations, a minimum number of explicitly modeled interfering cells should be adopted in link level simulations.
2. CRS interference should be explicitly modeled
3. Time and frequency domain interference variation should be explicitly modeled.
In the final step of re-evaluating the system performance for advanced receivers, validity of current link to system interface needs to be investigated. If necessary, new interface should be introduced.
Proposal 5: Interference model should be extracted from system simulations then applied to link simulations, where the interference profile includes cell specific (PCI, TM, Rank, PMI, Power, Modulation, Channel) information.

4. Performance Metric

The ultimate goal of this study is to identify additional performance requirements for certain LTE receiver structures under inter-cell interference. It is desirable to compare system level performance with different receiver structures directly. For full buffer performance, the cell edge and cell throughput metrics could be reused. For FTP model, a subset of  performance metric defined in [3] could be reused:
-
Mean, 5, 50, 95 % user throughput
-
User throughput = amount of data (file size) / time needed to download data

-
time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver

-
Served cell throughput

-
Served cell throughput = total amount of data for all users / total amount of observation time / number of cells

-
Resource utilization (RU)

-
Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time 
Proposal 6: System level performance metric should be provided such as full buffer 5% throughput, full buffer cell throughput, FTP Mean 5%, 50%, 95% user throughput, FTP serving cell throughput, FTP resource utilization.

For link level comparison, following aspects should be captured in performance metric
· Control channel performance limitation

· Channel estimation and interference estimation performance for demodulation

· Channel estimation and interference estimation performance for CSI

· CQI backoff loop and its limitation at the eNB scheduler

 Proposal 7: Link level performance should include both open and closed loop performance with control channel modeling.
5. Conclusion 

In this contribution we discussed considerations on evaluation scenarios, interference model and performance metric for advanced receivers under inter-cell interference. We recommend the group to consider following proposals:
Proposal 1: Evaluate full buffer and FTP traffic model 1 in [3] with limited parameters for network loading modeling. 
Proposal 2: Prioritize D1 for morphology and EVA 5 for channel model in performance evaluation during the study item. Other models could be introduced later.
Proposal 3: Prioritize synchronous network performance while covering reduced asynchronous cases. 

Proposal 4: Different serving and interfering cell transmission modes should be considered.

Proposal 5: Interference model should be extracted from system simulations then applied to link simulations, where the interference profile includes cell specific (PCI, TM, Rank, PMI, Power, Modulation, Channel) information.

Proposal 6: System level performance metric should be provided such as full buffer 5% throughput, full buffer cell throughput, FTP Mean 5%, 50%, 95% user throughput, FTP serving cell throughput, FTP resource utilization.

Proposal 7: Link level performance should include both open and closed loop performance with control channel modeling.
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