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1 Introduction

Several contributions have discussed how the UE demodulation performance tests for LTE should be carried out, mostly focusing on FRC tests for PDSCH, [1]-[7]. In [5] and [7] a number of tests were suggested, and this contribution proposes more detailed simulation assumptions and presents results for a subset of these simulation scenarios. 
2 Selection of initial simulation scenarios
In [5], the following types of performance requirements were proposed:

1. Full allocation with 64QAM modulation at high geometry, code rate 5/6, to be tested for all bandwidths.

2. Single RB allocation with QPSK modulation, code rate 1/3, to be tested for all bandwidths.
3. A range of MCSs to tested for one bandwidth only, e.g. 10 MHz.

For the requirements of type 3, it has been suggested in [7] to initially do alignment simulations for 3 different cases, one for each defined modulation scheme. Most of the suggested assumptions have been adopted in the results presented in this contribution, with a few exceptions described below. After the initial simulation alignments have been made, more of the suggested MCSs in should be used to define the final requirements.
3 Simulation assumptions and results
Here we list more detailed simulation assumptions for the different simulation scenarios suggested in [5]. Final definitions cannot be made until all details on e.g. coding and transport block sizes have been settled in other WGs. 
3.1 Full RB allocation, all bandwidths
In [5], the following parameters were suggested for this scenario:
Suggested test parameters: 
Propagation model: Extended Pedestrian A (EPA)
UE speed: Low
Code Rate: 5/6
Modulation: 64QAM

Geometry: High [TBD]

With 2 OFDM symbols per sub-frame allocated to control signaling and reference symbols according to 3GPP pilot into account, there are 11.5 OFDM symbols per sub-frame left for data. The corresponding maximum information bit rate for 20 MHz will then be 5/6 ∙ 6 ∙ 11.5 ∙ 12 ∙ 100 / 0.001 bps = 69 Mbps. Since all work on turbo codec for LTE has not been finalized, the codec for WCDMA Rel. 6 has been used in the simulations. 
A more detailed definition of the simulated scenario is given in Table 1. Simulation results are presented in Figure 1 for 20 MHz bandwidth. For the other bandwidths, the graphs look more or less the same, only scaled with the number of available resource blocks.
	Parameter
	Value

	Channel model
	EPA(Extended Pedestrian A)

	Terminal speed 
	2 km/h 

	Carrier frequency
	2.6 GHz

	Modulation
	64QAM 

	Code rate
	5/6

	HARQ
	On

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	8

	Error Correction Code
	Turbo Code, Rel6 interleaver

	Reference symbols pattern
	According to 3GPP 

	Bandwidth allocation (MHz)
	1.4
	3.0
	5
	10
	20

	Resource blocks/sub-frame
	6
	15
	25
	50
	100

	Number of used sub-carriers
	72
	180
	300
	600
	1200

	Number of information bits/sub-frame
	4140
	10350
	17250
	34500
	69000

	Broadcast channel
	Off

	Synchronization signal
	Off

	Cyclic prefix length
	Normal

	Channel estimation
	Ideal

	Receiver
	MRC

	Transmit antennas
	1

	Receive antennas
	2

	Antenna correlation
	0

	Tx EVM
	0

	Rx EVM
	0


Table 1  Simulation assumptions for full resource block allocation to be used for all bandwidths.
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Figure 1 Simulation results for 20 MHz allocation using simulation assumptions in Table 1.
3.1.1 Suggested test point
Since this requirement is aiming at testing that the UE RF front-end is able to achieve a high SNR for all bandwidths, with varying RX filters etc, these tests should be performed at high throughput levels. We thus propose that the test point is selected at SNR levels of  15 dB or higher. If the operating point is selected at moderate input levels, where the thermal noise can be neglected, the SNR will correspond to the geometry 
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There are a number of more issues that are still open, e.g.: 

· Details related to turbo codec, interleaving, rate matching etc.

· Number of HARQ processes to use.

· Allowed transport block sizes.

· UE classes and capabilities.

· What Tx EVM level to be used in the simulations.

Most of the issues above depend on decisions in other WGs. One important thing that RAN4 will decide on is how to handle requirements for the UE classes that do not support the highest throughputs. One proposal, suggested in [7], is to allocate only one sub-frame per frame to data. We propose instead to allocate as many sub-frames as possible for a particular UE class. The sub-frames containing synchronization signals or broadcast information will have to be handled separately, the easiest way would be to exclude these completely. Details on this will have to wait until the UE classes, as well as the physical layer details, have been finally defined. There may also be other restrictions in terms of what parameters and combination of parameters on the physical layer that are supported for the different classes.
3.2 Single RB allocation, all bandwidths
This test case is to ensure that the UE is able to demodulate a single resource block, also in the least tractable locations, such as at the band edge. Since different RX filters will be used for different system bandwidths, it is suggested that this kind of requirement is defined and tested for all bandwidths. In [5], the following parameters were suggested for this scenario:

Suggested test parameters: 

Propagation model: Extended Vehicular A (EVA)
UE speed: Medium

Code Rate: 1/3

Modulation: QPSK

Geometry: Low and High [TBD]
The rationale for this setup is that single resource block allocation is mainly targeting low data rate services such as speech. The maximum information bit rate will in this case be 1/3 ∙ 2 ∙ 11.5 ∙ 12 ∙ 1 / 0.001 bps = 92 kbps, which is unnecessarily high for speech services. In practice, the UE would not be scheduled every sub-frame, for this kind of service, thus reducing the data rate. Simulation assumptions are listed in Table 2, and simulation results are shown in Figure 2.

	Parameter
	Value

	Channel model
	EVA(Extended Vehicular A)

	Terminal speed 
	30 km/h 

	Carrier frequency
	2.6 GHz

	Modulation
	QPSK 

	Code rate
	1/3

	HARQ
	On

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	8

	Error Correction Code
	Turbo Code, Rel6 interleaver

	Reference symbols pattern
	According to 3GPP 

	Bandwidth allocation (MHz)
	1.4
	3.0
	5
	10
	20

	Resource blocks/sub-frame
	6
	15
	25
	50
	100

	Number of used sub-carriers
	12
	12
	12
	12
	12

	Number of information bits/sub-frame
	92
	92
	92
	92
	92

	Broadcast channel
	Off

	Synchronization signal
	Off

	Cyclic prefix length
	Normal

	Channel estimation
	Ideal

	Receiver
	MRC

	Transmit antennas
	1

	Receive antennas
	2

	Antenna correlation
	0

	Tx EVM
	0

	Rx EVM
	0


Table 2 Simulation assumptions for single resource block allocation to be used for all bandwidths.
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Figure 2 Simulation results for single resource block with QPSK modulation, CR=1/3

3.2.1 Suggested test point

The required SNR for this simulation is around 5 dB. This may then serve as a suitable test point. However, it could be beneficial to raise the requirements for this kind of allocation as well, enabling also higher data rate services. If this is the case, we might actually want to reconsider  the test parameters for single resource block allocation to higher modulation and code rates. This is for further discussion.
3.3 10 MHz simulations 
The motivation for the requirements mentioned above was to test the achievable SNR in the radio for various situations. In the following, we instead focus on demodulation, decoding, and proper HARQ functionality. In [7], a number of different scenarios have been suggested as initial requirements in order to align simulators. Here we present some more detailed simulation assumptions, as well as some initial simulation results. 
The simulation assumptions are listed in Table 2, and simulation results for the QPSK and 16QAM cases are shown in Figure 3 and Figure 4. For 64QAM code rate 5/6,  the applicable SNR ranges are the same as in Figure 1, even if the bandwidth and propagation model differ.
	Parameter
	Value

	Channel model
	ETU(Extended Typical Urban)

	Terminal speed 
	30 km/h 

	Carrier frequency
	2.6 GHz

	Modulation
	QPSK 
	16QAM
	64QAM

	Code rate
	1/3
	3/4
	5/6

	HARQ
	On

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	8

	Error Correction Code
	Turbo Code, Rel6 interleaver

	Reference symbols pattern
	According to 3GPP 

	Bandwidth allocation (MHz)
	10

	Resource blocks/sub-frame
	50

	Number of used sub-carriers
	600

	Number of information bits/sub-frame
	4600
	20700
	34500

	Broadcast channel
	Off

	Synchronization signal
	Off

	Cyclic prefix length
	Normal

	Channel estimation
	Ideal

	Receiver
	MRC

	Transmit antennas
	1

	Receive antennas
	2

	Antenna correlation
	0

	Tx EVM
	0

	Rx EVM
	0


Table 3  Simulation assumptions to be used for 10 MHz and varying modulation and coding scheme.
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Figure 3  Simulation results for 10 MHz bandwidth, QPSK, code rate 1/3
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Figure 4  Simulation results for 10 MHz bandwidth, 16QAM, code rate 3/4
3.3.1 Suggested test points

Since the purpose of these tests is to verify also the baseband processing, such as decoding, HARQ functionality etc, we propose that this test is performed at both high and low geometry values. Looking at the figures, reasonable test points could e.g. be -9 and -3 dB for the QPSK case, 0 and 10 dB for the 16QAM case, and 5 and 15 dB for the 64QAM case. These points are of course only tentative and need to be reconsidered once simulations have been carried out using e.g. the proper LTE codec. As in previous sections, the number of used sub-frames may have to be reduced for the tests of lower UE classes. The best way to do this, while still limiting the number of test cases to define and simulate is for further discussion.
4 Conclusions

In this contribution we have proposed refined simulation assumptions for DL demodulation performance requirements. We still argue for having the following types of tests: 
· Full bandwidth allocation at high data rate, tested for all bandwidths.
· Single resource block allocation, tested for all bandwidths.

· A range of MCSs, tested for a single bandwidth.

Initial simulation results have also been presented. It is proposed that the simulation assumptions listed here will be considered for further simulations carried out to set the final performance requirements. The assumptions will have to be refined when details have settled in other WGs. This concerns e.g. details on coding, allowed transport block sizes, UE classes and UE capabilities. Especially, how to handle the requirements for different UE classes needs to be carefully reviewed.
Once the initial simulations have been run, and the results from different companies are aligned, we believe that several more MCS, for example selected among the ones suggested in [5], should be used to define final demodulation requirements. 
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