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1 Introduction
During last meeting, RAN4#40, the modulation quality was discussed for LTE. The different modulations for the downlink, QPSK, 16QAM and 64QAM, require different level of modulation accuracy to exploit the full benefit of the modulation. For QPSK a moderate level of EVM is sufficient, but for 16QAM a lower level is required and for 64QAM an even lower value is required. The probability to use the different modulations depends on the load, but it also depends on the type of scheduler algorithms that is used. 
This contribution looks at the data buffers and scheduling for the downlink and based on that the benefit of 64QAM is simulated in a system simulation.
2 Problem definition

This contribution looks at the benefit of using 64 QAM, when the UEs are scheduled one-by-one on the full 5MHz (RR). The user throughput is plotted as a function of the traffic load and we will see the gain of having 64QAM.


3 Buffers and scheduling
A fundamental prerequisite for benefiting from using high-level modulation on several resource blocks in the same TTI is that users may have sufficient amount of data in their buffers to fill an entire TTI. 

An LTE resource block contains approximately 12x12=144 symbols, or 144x6x2/3=576 bits if modulated with 64QAM and coded with a rate 2/3 code. In 5MHz, there are 25 resource blocks per TTI, corresponding to 25x576 = 14400 bits, or 1800 bytes. 

TCP packets are of limited size, usually 1500 bytes, when downloading data. During the download process the user will first receive a number of TCP packets determined by the initial TCP window size (can be larger than one) of 1500 bytes each. Next time the receiver will get twice as many packets of 1500 bytes each, and then the ramp up continues until the maximum TCP window size is reached. This means that during a download process, the user will have enough data to transmit on the whole bandwidth already at the first or second TCP transmission instant . 
For the user to experience as short down load time as possible the scheduler should use the whole bandwidth for each user when the user has data to send. That way the scheduler will also empty the buffers as fast as possible to be ready for the next user to receive data, to also give that user the shortest possible download time. 

4 Traffic load

To evaluate what kind of traffic load  is realistic we assume a scenario where subscribers generate 1GB per month (or about 300 mp3 tunes), of which 80% is in the downlink and 20% is in the uplink direction is assumed. The generated traffic is spread over 170 busy hours per month. The average downlink rate is 20Mbps. A city center-like area with 20.000 inhabitants per square km is further assumed, together with a service penetration of 80% and an operator market share of 30%. The cell radius is 167m (from center to border of hexagon, corresponding to a 500m ISD).

This results in an average traffic per subscriber during busy hour of 1GB x 8bits/byte x 80% / 170 hours / 3600 seconds/hour = 10kbps. Note that this figure is averaged over the entire busy hour. With an activity rate of 20mE the traffic generated per active subscriber is 10kbps/0.02 = 500kbps. The probability that a subscriber is active (utilizing the link) is then Pactive =  10kbps/20Mbps = 0.05%. Per cell there are Ucell = 20.000 x 0.8 x 0.3 x 0.1672 x π = 420 subscribers. This yields an expected number of users of Pactive x Ucell = 0.21.

The probability to have several users active simultaneously in the uplink is thus relatively small.

5 Models and assumptions
Below are the models and assumptions for the simulations listed. 

· Aligned with 3GPP TR 25.814 (‘Case 1’ - 5MHz)

· ISD 500m

· 20dB penetration loss

· Channel model: SCM – SUM

· UEs scheduled one-by-one on full 5MHz (RR)

· Antenna concepts

· SISO, 1x1

· SIMO, 1x2, Interference Rejection Combining (IRC)

· MIMO, 2x2 PARC with SIC receivers
6 Methodology
In this chapter an overview of the system methodology is provided. 

· Drop UEs (uniform distribution)

· Select active cells based on activity factor (f=5-100%)

· Generate channels

· Calculate SINR per antenna

· Calculate Effective SNR (per stream) after combining (IRC)

· Map to (active) rate RU per stream using mutual information model*

· Calculate sector throughput as sum of rates T= (RU

7 SISO simulations results

Below is the results provided for SISO provided as Effective SNR, Bitrate and Bitrate versus Traffic Load.

Figure 6.1 SISO (1x1) – Effective SNR
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Figure 6.2 SISO (1x1) – Bitrate
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Figure 6.3 SISO (1x1) – Bitrate v Traffic Load
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8 SIMO simulations results

Below is the results provided for SIMO provided as Effective SNR, Bitrate and Bitrate versus Traffic Load.

Figure 7.1 SIMO (1x2) – Effective SNR
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Figure 7.2 SIMO (1x2) – Bitrate
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Figure 7.3 SIMO (1x2) – Bitrate v Traffic Load
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9 MIMO simulations results

Below is the results provided for SIMO provided as Effective SNR, Bitrate and Bitrate versus Traffic Load.

Figure 8.1 MIMO (2x2) – Effective SNR
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Figure 8.2 MIMO (2x2) – Bitrate
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Figure 8.3 MIMO (2x2) – Bitrate v Traffic Load
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10 Summary

In this contribution we have looked at what scenario, regarding buffers and scheduling, that is appropriate for LTE system simulations to investigate the benefit of 64QAM. The conclusion was that for file download it is reasonable to expect that active UEs will have sufficient amount of data in their buffers to fill the full bandwidth in one TTI. 
Based on this we have shown CDF for SNR depending on the load of the system, where we can see that 64QAM is likely to be scheduled. We have also provided the CDF for the bit rate for the different loads, where we can see the gain in bit rate for users when being able to schedule 64QAM. 

Finally we have also provided the bit rate versus traffic load for the 5th percentile, mean and 95th percentile user. It can be seen that 64QAM provides large benefits. The mean bitrates are increased with up to 40% and the peak bitrates are increased up to 50%.

By providing the results for SISO, SIMO and MIMO for different traffic load we have also shown that SISO with full load under estimates 64-QAM benefit.
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