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1
Introduction
The system performance of the OFDM based downlink was presented in [1]. The results were obtained for 2ms TTI and assumption that the complete feedback of the channel quality for each sub-band is available after a certain delay. In this document, we present further results on the system performance, including 0.5ms TTI and reduced sub-band information feedback.

The detailed OFDM based E-UTRA system description and assumptions are given in [2].
2
Simulation Results
Two reduced feedback schemes a UE employs to reduce uplink overhead are considered:

RF1: The full information about the maximum supportable MCS is sent only for the best subband. For the rest of subbands, only the differential information is provided. It is done such that the weaker subbands can have the same or up to three MCSs smaller MCS feedback than the strongest subband.

RF2: The full MCS information is fed back only for the best two subbands. The rest of the subbands are not taken into account when scheduling is done.

2.1
System Performance with 2ms TTI 

The detailed OFDM based E-UTRA system description and assumptions are given in [2]. The additional assumption for 8 subbands is shown in Table 1. 
	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition

	QPSK
	1/3
	600
	624

	QPSK
	1/2
	900
	924

	QPSK
	2/3
	1200
	1224

	QPSK
	3/4
	1350
	1374

	QPSK
	4/5
	1440
	1464

	16QAM
	1/3
	1200
	1224

	16QAM
	1/2
	1800
	1824

	16QAM
	2/3
	2400
	2424

	16QAM
	3/4
	2700
	2724

	16QAM
	4/5
	2880
	2904


Table 1:
MCS table for 8 subbands.

In Figure 1, we show the system performance with 2ms TTI and 2 receive antennas. Fairness plots for OFDM system with subband scheduling for different link budgets are presented in Figure 2.
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Figure 1: System Throughput.
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Figure 2:
Fairness Plots.
Figure 3 presents the system throughput with the reduced MCS feedback. Table 2 summarises all 2ms TTI results. 
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Figure 3:
System throughput with reduced MCS feedback.
	Link Budget
	Speed

(kph)
	OFDM (Mbps)
	OFDM

4 subbands

(Mbps)
	Gain of 4 subbands

(%)
	OFDM

8 subbands

(Mbps)
	Gain of 8 subbands

(%)

	D1
	3
	7.53
	8.08
	7.3
	8.2
	8.9

	D2
	30
	5.12
	5.35
	4.7
	5.16
	1

	D3
	3
	7.12
	7.63
	7.1
	7.74
	8.7

	D4
	3
	7.38
	7.95
	7.7
	8.02
	8.7


Table 2:
System throughput with 2ms TTI.

	Link Budget
	Speed

(kph)
	OFDM

4 subbands

Full FB

 (Mbps)
	OFDM

4 subbands

RFB1

(Mbps)
	Loss of RFB1

[%]
	OFDM

4 subbands

RFB2

(Mbps)
	Loss of RFB2

[%]

	D1
	3
	8.08
	7.9
	2
	7.8
	3.3

	D2
	30
	5.35
	5.2
	2.8
	5.0
	6.5


Table 3:
System throughput with 2ms TTI and reduced feedback schemes.
It can be seen that at slower speeds, the subband scheduling provides the gain of 7% to 9%. For the speed of 30km/h (D2), subband scheduling gain is smaller due to stale feedback information at the time of scheduling. Also, the gain in this case is smaller with 8 subbands than 4 subbands because the smaller packet sizes incur the turbo decoding performance loss (see Table 4).
	Payload size
	Loss

(dB)

	384
	0.53

	768
	0.28

	1536
	0.05

	3072
	0

	3840
	-0.12


Table 4:
Small payload losses.
2.2
System Performance with 0.5ms TTI 
Additional assumptions for 0.5ms TTI are given in Table 5 and Table 6.
	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition

	QPSK
	1/3
	300
	324

	 QPSK
	1/2
	450
	474

	QPSK
	2/3
	600
	624

	QPSK
	3/4
	675
	699

	QPSK
	4/5
	720
	744

	16QAM
	1/3
	600
	624

	16QAM
	1/2
	900
	924

	16QAM
	2/3
	  1200
	1224

	16QAM
	3/4
	  1350
	1374

	16QAM
	4/5
	  1440
	1464


Table 5

MCS – 4 Sub-bands

	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition

	QPSK
	1/3
	1200
	1224

	QPSK
	1/2
	1800
	1824

	QPSK
	2/3
	2400
	2424

	QPSK
	3/4
	2700
	2724

	QPSK
	4/5
	2880
	2904

	16QAM
	1/3
	2400
	2424

	16QAM
	1/2
	3600
	3624

	16QAM
	2/3
	4800
	4824

	16QAM
	3/4
	5400
	5424

	16QAM
	4/5
	5760
	5784


Table 6

MCS – 1 Sub-band

MCS feedback delay is assumed to be 2 TTIs (1ms).
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Figure 4:
System Throughput.
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Figure 5:
Fairness Plots.
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Figure 6:
Fairness Plots.

	Link Budget
	Speed

(kph)
	OFDM (Mbps)
	OFDM

4 subbands

(Mbps)
	Gain of 4 subbands

(%)

	D1
	3
	7.6
	7.8
	1.7

	D2
	30
	6.3
	6.3
	0


Table 7:
System throughput with 0.5ms TTI.

	Link Budget
	Speed

(kph)
	OFDM

4 subbands

Full FB

 (Mbps)
	OFDM

4 subbands

RFB1

(Mbps)
	Loss of RFB1

[%]
	OFDM

4 subbands

RFB2

(Mbps)
	Loss of RFB2

[%]

	D1
	3
	7.83
	7.67
	1.9
	7.58
	3.2

	D2
	30
	6.27
	6.30
	-0.6
	6.23
	0.6


Table 8:
System throughput with 0.5ms TTI and reduced feedback schemes.
As expected, the shorter TTI and shorter MCS feedback delay are beneficial for D2 model (TU30), as the throughput increases by about 20%, compared to the case with 2ms TTI. However, for the D1 model (TU3), 2ms TTI and 0.5ms TTI cases yield similar performance. The subband scheduling has the smaller gain for shorter TTI, since the block size of the encoder packet becomes small, incurring the turbo decoding loss (see Table 4). It can also be seen that fairness is not impacted by the TTI duration, number of subbands, or feedback scheme.
3
Conclusions
In this document we presented performance of the OFDM based E-UTRA downlink system. 
We considered 2ms TTI and 0.5ms TTI, and the impact of reduced feedback for sub-band scheduling. In the 2ms TTI case, full feedback and low speed channels, subband scheduling yields up to 9% increase over the scheduling strategy where one user occupies the whole bandwidth during a TTI. In the case of 0.5ms TTI, the subband scheduling does not provide significant gain compared to scheduling one user at the time over the entire frequency band. Reduced feedback diminishes the gain of subband scheduling to up to 5% for 4 subbands and 2ms TTI.
Although the results from this document suggest that subband scheduling does not provide significant gain over scheduling one user at the time, we should note that the conclusion is obtained for full buffer scenario, fully loaded system and the fraction of the downlink overhead kept the same for both TTIs. However, in the case of mixed traffic model (HTTP, FTP, Gaming, etc.), when the users’ buffers are not always full, it will be beneficial to define subbands such that the downlink resource can be fully utilized.
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