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1. Introduction
Simulation assumptions for FDD PDSCH have been discussed in a number of contributions [1] – [8]. Although the settling of the final details in the related RAN WG1 specifications [1] and [2] has been delayed, progress has still been made on alignment, using rel.6 assumptions. This document summarises the status of the specification work and proposes a detailed plan for the LTE FDD PDSCH simulations with related assumptions.

2. Status of the FDD PDSCH performance specification work

In RAN4 #44, several companies provided initial simulation results for some exemplary coding rates based on the assumptions in [8]. The simulations were limited to a single channel model (ETU 70 Hz), a single bandwidth (10 MHz), and a hybrid simulation chain using the legacy Rel. 6 turbo codec.
After RAN4 #44, a discussion on the assumptions to be used for simulations to be presented for RAN 4 #44bis lead to the simulation assumptions presented in ‎[14]. Parts of the simulations were still to be made using the hybrid simulation chain. Compared to the previous simulations, a few more channel cases were to be simulated. Furthermore, it was agreed to provide initial simulation results for SFBC and 2x2 spatial multiplexing for a single channel model.

3. Proposed way forward

As the final details in [9] and [10] now have reached maturity for RAN4 to specify the final simulation assumptions to be used. In ‎[4] and ‎[6] three main tests were suggested, repeated here for convenience.

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.

So far, initial simulations have focused entirely on item 3, where both SIMO and MIMO transmission have been simulated. The next subsections deals with each of the three items in detail.

3.1. Full bandwidth tests performed for all defined bandwidths

As stated in ‎[4] and ‎[6], the full bandwidth tests are needed to test two fundamental features that depend on the bandwidth, namely different Rx filter characteristics as well as the ability to handle the highest data rates. The need for the full bandwidth tests with regards to the three available operational modes, SIMO, SFBC and SU-MIMO spatial multiplexing is discussed in the following subsections.
3.1.1 SIMO

As argued above, full bandwidth tests should be defined for the SIMO modes.

3.1.2 SU-MIMO SFBC

For SFBC, full bandwidth tests can probably be omitted, since Rx filter characteristics is tested for the SIMO case, and the feature does not improve the maximum throughput.

3.1.3 SU-MIMO spatial multiplexing

For spatial multiplexing, an additional set of full bandwidth test is needed to ensure that the UE can handle the maximum throughput arising from the multiple layers and this ability to support this increased throughput would not be tested in the SIMO full bandwidth test cases. Tests are required both for 2 Tx as well as 4 Tx antennas.
Tests 1.A Full bandwidth SIMO: 

Propagation model: Extended Pedestrian A 5 Hz, low correlation

Code Rate: 5/6

Modulation: 64QAM

Geometry: High [TBD]
Bandwidths: 1.x, 3.x, 5, 10, 20 MHz
Number of tests: 6
Tests 1.B Full bandwidth SU-MIMO:
Propagation model: Extended Pedestrian A 5 Hz, low correlation

Code Rate: 5/6

Modulation: 64QAM

Geometry: High [TBD]
Bandwidths: 1.x, 3.x, 5, 10, 20 MHz

Precoding feedback: Not used

Receiver: MMSE 
Codewords:2
Tx antennas: 2 and 4
Use precoding feedback: no
Number of tests: 12
3.2. Single RB allocation tests performed for all defined 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. As stated in ‎[6], this requirement targets a low data-rate service and it is deemed sufficient to test this service for SIMO only. 

Tests 2.  Single resource block SIMO: 

Propagation model: Extended Vehicular A 70 Hz
Code Rate: 1/3
Modulation: QPSK
Geometry: Low and High [TBD]
Bandwidths: 1.x, 3.x, 5, 10, 15, 20 MHz

RB position: Requirement valid for all positions, but initial testing for edge and center resource blocks
Number of tests: 24
3.3. 10 MHz simulations

As previously proposed in e.g. ‎[4]

 REF _Ref179166302 \r \h 
‎[5]

 REF _Ref178690825 \r \h 
‎[6], more extensive tests could be focused on a single bandwidth. 10 MHz has been chosen as a working assumption and used for initial simulations. In order to limit the number of testcase, it is proposed to develop an extensive set of testcases for the SIMO mode. The extent to which testing should be made on the different MIMO modes is discussed in the following subsections.

3.3.1 10 MHz Testing for SIMO 
In ‎[4], an initial proposal for set of of test cases to be tested for a single bandwidth with full resource block allocation was proposed. Considering the latest simulation assumptions used, this table can be slightly altered, by using the coding rates for which initial simulations have been made. Since the discussion on LTE channel model seems to be narrowing down to three correlation levels, low, medium and high, an initial proposal for this parameter has been added. The result can be found in Table 1. 
Table 1 Exemplary tests to consider for 10 MHz SIMO testing. Tests 3.x
	Test #
	Modulation and 
Coding scheme
	Propagation model
	Geometry
	Correlation
	Throughput

	
	
	
	
	
	[kbps]

	3.1
	QPSK, CR = 5/6
	EPA5
	Low
	Medium
	TBD

	3.2
	QPSK, CR = 5/6
	EPA5
	High
	Medium
	TBD

	3.3
	QPSK, CR = 5/6
	ETU70
	Low
	Medium
	TBD

	3.4
	QPSK, CR = 5/6
	ETU70
	High
	Medium
	TBD

	3.5
	QPSK, CR = 5/6
	EVA900
	Low
	Medium
	TBD

	3.6
	QPSK, CR = 5/6
	EVA900
	High
	Medium
	TBD

	3.7
	QPSK, CR = 1/3
	EPA5
	Low
	High
	TBD

	3.8
	QPSK, CR = 1/3
	EPA5
	High
	High
	TBD

	3.9
	QPSK, CR = 1/3
	ETU70
	Low
	High
	TBD

	3.10
	QPSK, CR = 1/3
	ETU70
	High
	High
	TBD

	3.11
	QPSK, CR = 1/3
	EVA900
	Low
	High
	TBD

	3.12
	QPSK, CR = 1/3
	EVA900
	High
	High
	TBD

	3.13
	16QAM, CR = 1/2
	EPA5
	Low
	Medium
	TBD

	3.14
	16QAM, CR = 1/2
	EPA5
	High
	Medium
	TBD

	3.15
	16QAM, CR = 1/2
	EVA5
	Low
	Medium
	TBD

	3.16
	16QAM, CR = 1/2
	EVA5
	High
	Medium
	TBD

	3.17
	16QAM, CR = 1/2
	EVA70
	High
	Medium
	TBD

	3.18
	16QAM, CR = 1/2
	ETU70
	High
	Medium
	TBD

	3.19
	16QAM, CR = 5/6
	EPA5
	Low
	Medium
	TBD

	3.20
	16QAM, CR = 5/6
	EPA5
	High
	Low
	TBD

	3.21
	16QAM, CR = 5/6
	EVA5
	Low
	Medium
	TBD

	3.22
	16QAM, CR = 5/6
	EVA5
	High
	Low
	TBD

	3.23
	16QAM, CR = 5/6
	EVA70
	High
	Medium
	TBD

	3.24
	16QAM, CR = 5/6
	ETU70
	High
	Low
	TBD

	3.25
	64QAM, CR = 5/6
	EPA5
	High
	Medium
	TBD

	3.26
	64QAM, CR = 5/6
	EVA5
	High
	Low
	TBD

	3.27
	64QAM, CR = 5/6
	EVA70
	High
	Medium
	TBD

	3.28
	64QAM, CR = 5/6
	ETU70
	High
	Low
	TBD


Tests 3.1-3.28,  10 MHz Full allocation SIMO tests: 

Propagation model: According to Table 1.
Code Rate: According to Table 1.
Modulation: According to Table 1.
Geometry: According to Table 1.
Bandwidth: 10 MHz.
RB allocation: Full

Number of codewords: 1

Number of tx antennas: 1
Number of tests: 28

3.3.2 Testing for SFBC MIMO
As was argued in ‎[12], a few specific testcases, for which SFBC performance is expected to be better than for SIMO can be developed. Tests in other conditions could be specified by reusing a selected set of the requirements in Table 1. The exact subset for which to set specifications could possibly be left for RAN WG5 to decide.
Tests 4A.  Single resource block SFBC MIMO specific test: 

Propagation model: Extended Pedestrian A 5 Hz

Code Rate: 5/6
Modulation: 64-QAM
Geometry: High [TBD]

Bandwidth: 10 MHz

RB allocation: Single resource block

RB position: Requirement valid for all positions, but initial testing focusing on a single position.
Number of codewords: 1
Number of tx antennas: 2
Number of tests: 1

Tests 4B.  Full RB allocation  tests for SFBC MIMO: 

Test conditions: A subset of tests selected from Table 1.

Number of codewords: 1
Number of tx antennas: 2 and 4
Number of tests: tbd

3.3.3 Testing for 2x2 MIMO spatial multiplexing, dual layer transmission
For schemes using 2 transmit antennas, arguments raised in ‎[12], indicates that testing of dual layer 2x2 MIMO can be focused on transmission with fixed precoding (no feedback). In line with the initial simulation assumptions agreed in ‎[14], it is proposed to use the same modulation and coding on both layers. Given that spatial multiplexing using two layers is a feature that can be used to improve throughput in beneficial conditions, it is suggested to limit testing to such scenarios. An initial proposal for test cases is shown in Table 2. 

Table 2 Inital testcases for 2x2 MIMO dual layer transmission.
	Test #
	Modulation and 
Coding scheme
	Propagation model
	Geometry
	Correlation
	Throughput

	
	
	
	
	
	[kbps]

	5.1
	16QAM, CR = 1/2
	EPA5
	High
	Medium
	TBD

	5.2
	16QAM, CR = 1/2
	EVA5
	High
	Low
	TBD

	5.3
	16QAM, CR = 5/6
	EPA5
	High
	Low
	TBD

	5.4
	16QAM, CR = 5/6
	EVA5
	High
	Low
	TBD

	5.5
	64QAM, CR = 5/6
	EPA5
	High
	Low
	TBD

	5.6
	64QAM, CR = 5/6
	EVA5
	High
	Low
	TBD


Tests 5.1-5.6, 10 MHz Full allocation 2x2 MIMO dual layer tests: 

Propagation model: According to Table 2.
Code Rate: According to Table 2.
Modulation: According to Table 2.
Geometry: According to Table 2.
Bandwidth: 10 MHz.
RB allocation: Full

Number of codewords: 2

Number of tx antennas: 2

Precoding feedback: Fixed precoder
Number of tests: 6
3.3.4 Testing for 2x2 MIMO directivity, single layer transmission

Again, based on arguments raised in ‎[12], it is considered important to test single layer 2x2 MIMO using precoding feedback, since this is the primary scenario for which precoding feedback provides gain. The granularity of the precoding feedback should match the channel so that e.g. wideband precoding feedback is used for EPA5, and a more granular precoding feedback is used when testing EVA5. The granularity should also match the antenna correlation on the NodeB side. An initial proposal for test cases is shown in Table 3.

Table 3 Initial testcases for 2x2 MIMO single layer transmission.
	Test #
	Modulation and 
Coding scheme
	Propagation model
	Geometry
	Correlation
	Precoding

feedback
	Throughput

	
	
	
	
	
	
	[kbps]

	6.1
	QPSK, CR = 1/3
	EPA5
	High
	High
	Wideband
	TBD

	6.2
	QPSK, CR = 1/3
	EVA5
	High
	High
	Per 5 RB
	TBD

	6.3
	16QAM, CR = 1/2
	EPA5
	High
	Medium
	Wideband
	TBD

	6.4
	16QAM, CR = 1/2
	EVA5
	High
	Medium
	Per 5 RB
	TBD

	6.5
	64QAM, CR = 5/6
	EPA5
	High
	Low
	Wideband
	TBD

	6.6
	64QAM, CR = 5/6
	EVA5
	High
	Low
	Per 5 RB
	TBD


Tests 6.1-6.6, 10 MHz Full allocation 2x2 MIMO single layer tests: 

Propagation model: According to Table 3.
Code Rate: According to Table 3.
Modulation: According to Table 3.
Geometry: According to Table 3.
Bandwidth: 10 MHz.
RB allocation: Full

Number of codewords: 1
Number of tx antennas: 2

Precoding feedback: Not used
Number of tests: 6

3.3.5 Testing for 4x2 MIMO spatial multiplexing, dual layer transmission.
When using 4 tx antennas for transmitting 2 layers, the additional antennas are used to beamform each layer. The requirement scenario is thus in a sense similar to single layer transmission with 2 tx antennas, and it is therefore probably important to test such a scenario with precoding feedback enabled. Details regarding these test-cases are for further study.
3.3.6 Testing for 4x2 MIMO spatial multiplexing, single layer transmission.

When using 4 tx antennas for transmitting 1 layer, the four antennas are used to beamform the layer sent. Again the requirement scenario is similar to single layer transmission with 2 tx antennas. Testing should be done with precoding enabled. Details regarding these test-cases are for further study.
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