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1.
Introduction

At the RAN4#63 meeting, Tdoc R4-123293 [1] showed that the eDL MIMO PMI and CQI throughput test results were sensitive to phase impairments at the eNB transmitter. Earlier discussion had been focussed on static propagation models, with some discussion in [2] about the validity of static propagation models. However the results in [1] clearly demonstrate that phase impairments at the eNB transmitter have a significant effect for eDL-MIMO tests that use fading propagation models. To ensure that the tests specified by RAN5 give useful results, and are representative of RAN4 simulations, it will therefore be essential to specify the acceptable phase impairments of the signal going into the Test system propagation model.

Previous discussions at RAN4, summarised in R4-114948 [6] identified that test results were not sensitive to certain types of phase impairments at the UE receiver ports.

It therefore seems clear that a coherent approach needs to be taken for the path between eNB transmitter ports and UE receiver ports, and to agree the points at which the phase impairments are specified.  

There is an ongoing LS exchange between RAN4 and RAN5 on this topic. The current status is that RAN4 has not yet replied to R4-120822 [5], from RAN5, which was received by RAN4 at RAN4#62 in Dresden.   
This document aims to define the points at which the phase impairments are specified, and proposes a way for RAN5 to specify the impairments, which is compatible with RAN4 simulations. 
2.
Path between eNB transmitter ports and UE receiver ports
We understand that the simulations in R4-123293 [1] were based on two tests from TS 36.101 [3]:

· Clause 9.4.1.3.2, Reporting of Precoding Matrix Indicator (PMI), Single PMI, Minimum requirement PUSCH 3-1 (CSI Reference Symbol), TDD
· This test uses High correlation, 8x2 cross-polarised antennas, and [EVA5] propagation

· Clause 9.3.2.2.1, CQI reporting under fading conditions, Frequency non-selective scheduling mode, Minimum requirement PUCCH 1-1 (CSI Reference Symbol), FDD
· This test uses High correlation, 4x2 Uniform Linear Array antennas, and EPA5 propagation 
For simplicity of illustration we will choose the second test. From a test system viewpoint and a simulation viewpoint, the path between eNB transmitter ports and UE receiver ports can be represented as shown in Figure 1. The grey shaded boxes represent components of the test system.   
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Figure 1: Test system for 4 x 2 with eNB Uniform Linear Array, fading propagation, high correlation
To our knowledge, although each of the components in this diagram is defined in TS 36.101 [3], the whole diagram does not currently exist in any of the formal RAN4 or RAN5 specifications. It is in effect assumed in the RAN4 simulations. When defining phase impairment models in RAN4, and specifying phase uncertainties in RAN5, it is important to be clear about the exact points in the path where they apply.
Anritsu’s understanding is that the phase impairment models are applied at the two points shown in yellow in Figure 2:   
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Figure 2: Test system for 4 x 2 with eNB Uniform Linear Array, fading propagation, high correlation, showing phase impairment modeling points
There is some logic in the choice of these points:

· The eNB transmitter port is the reference point for the eNB transmitter specifications in TS 36.104 [4]

· The UE receiver port is the reference point for the UE receiver, performance and CSI specifications in TS 36.101 [3]. Note that although the properties of the grey shaded boxes are described in TS 36.101, they are used to define the properties of the test signal reaching the UE. The test signal reaching the UE gives the conditions under which the actual UE performance (for example, throughput) is specified.  

3.
Specifying the phase impairments 

From the discussion above, it seems reasonable for RAN5 to specify the allowable Tx phase impairments and Rx phase impairments separately. The format of the allowable phase impairments should align with the models used in RAN4 simulations.
3.1 Tx phase impairments
The allowable Tx phase impairments can be specified in a NTx x NTx diagonal Matrix format, as in R4-123293 [1]. At present, the largest number NTx antennas being considered is 8: 
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We should note the following points: 

a) The value of each element 
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will be specified by RAN5 as 
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b) The acceptable uncertainty of the test system is specified by RAN5 for a confidence level of 95 %
c) The uncertainty component 
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 is defined for each Tx antenna, and is the same for all antennas
d) 
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 is assumed to be constant for the duration of the test
e) The size of the matrix NTx x NTx will scale according to the number of transmit antennas 

f) Based on the results in R4-123293 [1], the value of 
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 is likely to be significantly less than 20°
g) The sensitivity of each CSI test metric to the value of 
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 will need to be established by RAN4    
3.2 Rx phase impairments
Earlier discussions in [6] proposed that the allowable Rx phase impairments could be specified as part of a NRx x NTx Downlink channel matrix H, which would have included both Tx and Rx phase impairments. However from the recent RAN4 discussion on modeling summarized above, it will be cleaner and more consistent to specify allowable Tx phase impairments and Rx phase impairments separately. This will also be more generic, and easily adaptable to different numbers of Tx and Rx antenna.
The allowable Rx phase impairments can therefore be specified in a NRx x NRx diagonal Matrix format. At present, the largest number NRx antennas being considered is 2: 
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We should note the following points: 

a) The elements 
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can be specified by RAN5, but the nature of the constraint is not yet determined
b) The constraint 
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 is defined for each Rx antenna, and is the same for all antennas
c) There may also be constraints on the relationship between 
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[image: image15.wmf]2

q


d) 
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 is assumed to be constant for the duration of the test
e) Based on information in R4-114948 [6] and R4-113693 [7] the value of 
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 is not likely to be critical 

f) The CSI test metrics are currently assumed to be insensitive to fixed, time-invariant values of 
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4. Recommendations

Anritsu seeks agreement to the following proposals, which we believe are a logical extension of the agreed way forward in R4-123551 [8], meeting minutes for the eDL-MIMO ad hoc session at RAN4#63, Prague:
· Proposal 1: RAN 4 endorses the proposal to model the allowable Tx phase impairments and Rx phase impairments separately, as shown in section 3 of this document
· Proposal 2: RAN 4 endorses the model of allowable Tx phase impairments shown in section 3.1 of this document, with the understanding given in bullet points a) to e)  
· Proposal 3: RAN 4 provides information to RAN5 on the sensitivity of each CSI test metric to the Tx phase impairments 
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