
3GPP TSG RAN WG1 Meeting #78bis
R1-143887
Ljubljana, Slovania, 6th – 10th  2014
Agenda item:
7.3.3.2
Source: 
Samsung
Title: 
Traffic Models for FD-MIMO and Elevation Beamforming
Document for:
Discussion and Decision

1 Introduction
In RAN#65, the study item on FD-MIMO for LTE was approved [1]. According to the SID, the phase 1 of this SI aims to identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 DL MIMO using 3D channel model with realistic non-full buffer traffic model. It is well known that the performance with non-full buffer traffic model is very sensitive on the selection of FTP traffic model and its parameters, so FTP traffic model and its parameters for evaluation of FD-MIMO potential performance should be carefully chosen. In this contribution, we discuss the traffic models, parameters and performance metrics for system performance evaluation of FD-MIMO with non-full buffer traffic model. 
2 FTP Models
2.1 FTP model 1, 2 and 3
In 3GPP TR 36.814 [2] and TR 36.872 [3], three FTP traffic models are described for generating bursty traffic as shown in Figure 1. In short, for FTP traffic model 1, a user is assigned a new finite payload which follows Poisson distribution with arrival rate λ, and the user leaves the system after the payload transmission is completed. On the other hand, for both FTP traffic model 2 and 3, fixed number of users per cell are assigned for generating multiple files. The difference between model 2 and 3 is the statistical characteristic of packet arrival. In model 2, the reading time D between the end of download of previous file and the arrival of next file in each user follows exponential distribution. Compared to model 2, in model 3, the inter-arrival time between consecutive packets follows exponential distribution resulting in a Poisson arrival process. In short, the number of available packet in each user’s buffer can be up to one in model 2, whereas it can be one or more in model 3.
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Figure 1: Traffic generation of FTP Model 1, 2 and 3

One potential issue for model 2 is the distribution of arrival packets. In model 2, the number of packet arrival varies with system performance under identical parameters, e.g., file size, number of users and reading time. For example, in a system which is capable of handling large amount of downlink data, more packets will arrive compared to another system which is less capable. Such characteristic is due to the arrival time being defined with reference to the end of a packet. Unless a packet is completely downloaded, the next packet will not arrive. Taking this into account, if FTP model 2 is used for evaluation of FD-MIMO, cell average throughput should be included as one of the performance metrics to reflect the system’s capability to handle downlink data.
Compared to model 2, in model 1 and 3, fixed number of packets in each system are generated with identical arrival rate and packets in each user or cell follow Poisson process. Therefore, in model 1 and 3, cell average throughput would not be necessary since the number of packet arrivals is not a function of the system performance.

Proposals:
· If FTP model 2 is used, in addition to user perceived throughput and cell edge throughput, cell average throughput should be used as performance metrics.
· If either FTP model 1 or 3 is used, user perceived throughput and cell edge throughput should be used as performance metrics.

2.2 RU (resource utilization) for SU and MU evaluation
Another potential issue for evaluation is the RU definition for MU-MIMO. According to [2], RU is defined as: 
· Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time

· In case of MU-MIMO, one RB allocated to N users within a cell is counted as used N times. 
In Rel. 12, UE can use up to 8 layers, but, used layers are not counted for RU calculations. However, according to the above definition, for MU-MIMO transmission to N users, an RB is counted N times. For example, for the case of rank-8 SU-MIMO, an RB will be counted only once. On the other hand, for the case of MU-MIMO to 2 UEs (each with rank-1 transmissions), an RB will be counted 2 times resulting in a RU that is twice as high as that of SU-MIMO. 

To illustrate our point, we provide a simple example in Figure 2 where two UEs have packets for within a unit time. In the figure, the actual time and frequency resource that is used for transmission to the two UEs is identical. However, if we apply the current RU definition the RU for MU-MIMO (right of Figure 2) will be twice as high as the TDM case (left of Figure 2).
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Figure 2: Potential issue of RU definition
Such RU definition might lead to the misconception that a system relying on MU-MIMO for performance enhancement to be operating at very high RU level and thus be unstable. We feel that such RU definition is misleading and be modified. There are two alternatives for RU calculation.
Alternatives :
· Alt 1: In case of SU-MIMO, one RB allocated to M layers within a cell is counted as used M times.
· Alt 2: In case of MU-MIMO, one RB allocated to N users within a cell is not counted as N times.
Scheduling is process that eNB allocates its time and frequency resources to a UE or multiple UEs. Therefore, RU should be calculated from the eNB’s perspective. In determining whether a system is stable or not, one should only take into account how much of the time/frequency resources are utilized.
Proposal:
· Modify the definition of RU according to Alternative 2.
2.3 Discussion on Targeting RU
One of potentials with FD-MIMO and elevation beamforming is to have capability of steering beam in both vertical and horizontal direction and it can be desirable to have high-order multi-user scheduling to handle extremely heavy traffic in a cell. The SID [1] also shows such expectations in the justification part. Considering the target application scenario for FD-MIMO, our opinion is that evaluation for high RU cases is very important. 

Proposal:
· Evaluation of FD-MIMO should prioritize high RU scenarios to verify the potential performance enhancement of FD-MIMO under high traffic load.
3 Conclusion
In this contribution, we discussed the traffic models, parameters and performance metrics for system performance evaluation of FD-MIMO with non-full buffer traffic model. We propose the following for future RAN1 evaluations for FD-MIMO. 

Proposals:
· If FTP model 2 is used, in addition to user perceived throughput and cell edge throughput, cell average throughput should be used as performance metrics.
· If either FTP model 1 or 3 is used, user perceived throughput and cell edge throughput should be used as performance metrics.
· Modify the definition of RU according to Alternative 2.
· Alt 2: In case of MU-MIMO, one RB allocated to N users within a cell is not counted as N times.
· Evaluation of FD-MIMO should prioritize high RU scenarios to verify the potential performance enhancement of FD-MIMO under high traffic load.
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