Page 1



3GPP TSG-RAN4 Meeting #63
Tdoc (
 R4-122258
Prague, Czech Republic, 21 - 25 May 2012
Title:





SNR definition with fading 
Source:


Anritsu

Agenda Item:


4.2.4
Document for:


Discussion
1.
Introduction

The performance requirement section of TS 36.101 [1] contains a definition of SNR in 36.101 at the start of clause 8:

8.1
General

8.1.1
Dual-antenna receiver capability

The performance requirements are based on UE(s) that utilize a dual-antenna receiver. 

For all test cases, the SNR is defined as
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where the superscript indicates the receiver antenna connector. The SNR requirement applies for the UE categories and CA capabilities given for each test. 
However, some interpretation is needed to apply this definition when fading is used, especially for the more complex test cases that involve correlated MIMO. To ensure that UEs are tested under the conditions simulated by RAN4, the implementation by Test equipment vendors must be equivalent to the simulation model. This document looks at how the SNR definition is applied when implementing a test system.
At this stage the aim is to ensure a common understanding, and to highlight any areas where clearer definition might be required.
2.
Basic SNR definition
Given that the performance requirements are based on UE(s) that utilize a dual-antenna receiver, the simplest possible scenario, SIMO without fading, is represented below in Figure 1:
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Figure 1: 1 x 2, static propagation, AWGN

It is easy to relate the TS 36.101 definition of SNR to Figure 1. As the signal level and noise level do not vary with time, the SNR can be observed over any period long enough to average out the AWGN.
The power Ess set internally by the Test system is calculated as:

  Ess = Noc(1) + SNR – 0dB splitter gain

Where Ess and Noc(1) are in dBm, SNR is in dB. Noc(1) and Noc(2) are equal values. The splitter gain is set to 0dB because the splitter just represents the two paths from the Tx antenna to each UE Rx antenna.    
We should note that Figure 1 starts on the left hand side with a baseband physical channel, the PDSCH, and ends at the right hand side with UE connections which are RF. As all the signal processing is linear, the up-conversion from baseband to RF can be done at various alternative points in the chain. The diagram is intended to be generic.
As all the performance requirements are specified under fading propagation conditions, Figure 1 is not used in TS 36.101 section 8, although it is used for some CQI reporting tests in section 9.     

3.
Addition of fading
The simplest scenario used in TS 36.101 section 8 is SIMO with fading, is represented below in Figure 2. The “Low correlation” condition specified in TS 36.101 [1] Table B.2.3.2-1 actually models zero correlation:
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Figure 2: 1 x 2, fading propagation, no correlation, with AWGN

In Figure 2, each green arrow for fading represents the multiple paths and delays provided for example by the EVA5 model in the fading simulator. The two green arrows represent independent and uncorrelated sets of fading paths.

The diagram in Figure 2 also aligns with the SNR definition extracted from Annex F of the “Framework for the LTE UE demodulation requirements” R4-090188 [2]:

SNR Definition:
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From Figure 2, we make the following observations:

· The noise level does not vary with time, but the signal level does vary with time because of the fading. The instantaneous SNR at the UE antenna ports therefore varies with time. 
· The SNR definition in TS 36.101 [1], and the SNR definition in Annex F of R4-090188 [2], do not say anything about the observation period. 
· In the SNR values agreed following RAN simulation campaigns, there is an implicit assumption that the gain of the propagation model (fading paths) is normalized to 0dB.
Anritsu’s understanding is that the fading gain is normalized so that it averages to 0dB over a sufficiently long period of time for the average to converge. The SNR figure is therefore an average obtained over a long enough period to remove the short-term variations due to fading.
The power Ess set internally by the Test system is calculated as:

  Ess = Noc(1) + SNR – 0dB splitter gain– 0dB fading gain 
4.
Addition of precoder and MIMO
For single layer tests with 2 Tx antennas, the precoder has one input and two outputs. To isolate the effect of the precoder, choose the “Low correlation” condition which actually models zero correlation. The correlation matrices are just the identity matrix, and have no effect. An example of this scenario is in TS 36.101 [1] clause 8.2.1.4.1, Minimum Req’t Single-Layer Spatial Multiplexing 2 Tx Antenna Port, Test 1.
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Figure 3: Single layer 2 x 2, fading propagation, low correlation, with AWGN

The power Ess set internally by the Test system is calculated as:

  Ess = Noc(1) + SNR – fading gain – (-3dB precoder gain) 

All the single layer precoders in TS 36.211 [3] Table 6.3.4.2.3-1 have a gain of -3dB as applied above:  
Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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From Figure 3, we make the following observations:

· It is not clear what fading gain should be applied when there are 4 propagation paths
5.
Addition of high correlation
Some tests use the “High correlation” condition, so the 2 x 2 correlation matrices have an effect. An example of this scenario is in TS 36.101 [1] clause 8.2.1.4.1, Minimum Requirement Single-Layer Spatial Multiplexing 2 Tx Antenna Port, Test 2.
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Figure 4: Single layer 2 x 2, fading propagation, high correlation, with AWGN

The power Ess set internally by the Test system is calculated as:
  Ess = Noc(1) + SNR – fading and correlation gain – (-3dB precoder gain) 

From Figure 4, we make the following observations:

· It is not clear what fading and correlation gain should be applied when there are 4 propagation paths and two correlation matrices
6.
Addition of PMI feedback
To include all the functionality in the above tests, the diagram should mention that the Test system (“SS”) applies a precoder based on feedback from the UE. Also, as some discussion in RAN4 has used the terms “Tx side” and “Rx side” as signal reference points, we include our understanding of these terms. 
There are two types of test where this scenario is used in TS 36.101, illustrated by examples below:

· Clause 8.2.1.4.1, Minimum Req’t Single-Layer Spatial Multiplexing 2 Tx Antenna Port, Test 2
· This test measures absolute PDSCH T-put as a % of the Reference measurement channel

· The absolute AWGN level in dBm and the SNR value in dB are specified

· Test 2 selects High correlation and EPA5 propagation
· Clause 9.4.1.1.1, Reporting of PMI, single PMI, test for single-layer
· This test measures PDSCH T-put ratio as (PMI follows UE / random PMI)

· The absolute AWGN level specified in dBm, but the SNR is selected for random PMI T-put = 60% 

· The test uses Low correlation and EVA5 propagation 
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Figure 5: Single layer 2 x 2, fading propagation, high correlation, with AWGN
From Figure 5, we make the following observation:

· For the PDSCH test, the SNR required to achieve a given T-put is lower when the Test system applies a precoder based on feedback from the UE, because the precoder aims to match the time-varying channel conditions. The exact sequence of precoders used in the test, and in the RAN4 simulations, is not deterministic because it depends on the UE algorithm for determining the feedback. However, all the precoders used have the same gain. It is assumed therefore that the use of “follow-PMI” does not have any impact on the test system internal power setting. 
7. Recommendations

From the observations in previous sections, we would like to ensure that a common understanding exists between RAN4 simulations and Test system implementation. Anritsu asks RAN4 to consider the following points: 
· Point 1: In fading tests, the fading gain is normalized so that it averages to 0dB over a sufficiently long period of time for the average to converge
· Point 2: How is the SNR definition applied when there are n x m independent propagation paths?
· Point 3: How is the SNR definition applied when there are n x m independent propagation paths and two correlation matrices? 
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