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1. Introduction

This contribution summarizes Nokia’s LTE MIMO round robin test results. Average throughputs vs. transmitted power curves of round robin DUTs in open loop spatial multiplexing mode were measured in an anechoic chamber, under different channel scenarios. 
Performance of all DUTs is compared using SCME UMi and UMa channel models [1]. Effects of different channel models and different DUT orientations were studied on selected devices. A clearly good external antenna was used with one of the DUT to baseline a good radiated performance. Trials were made using 64QAM in downlink, though 16QAM was used in most of the actual test cases.
Number of measured subframes is defined to be 20000 for a faded channel in TR 37.976. Impact of smaller measurement period was briefly studied.
2. Laboratory setup

Test setup used in the measurements is based on a multiprobe anechoic chamber methodology described in TR 37.976 [1]. Two probe setups were used; 8 and 3 dual polarized probes in plane with 45° angle spacing.  Setup of eight probes was used to test SCME UMi and UMa and modified WINNER II, tables 6.2-1, 6.2-3 and 6.2-4 of [1]. Single cluster model based on SCME UMi, table 6.2-5 of [1], was tested utilizing 3 probes. Mobile speed of  3km/h was used.
The test procedure including eNodeB emulator settings is defined in annex B of [1]. Emulator Anritsu MT8820C with firmware version 22.00#13 was used.   

3. Tested devices

Two DUT pools, Pool 1 and Pool 2 were tested. Within the pools, there were same types of USB dongles; however different laptops were used as a host. Dell 6400 was used as a host for Pool 1 devices and Dell D43 for Pool 2 devices. Rohde & Schwarz has provided an external antenna, which has been passed around with Pool 1 devices. 

Pool 1; Samsung 3710, Huawei E398, and ZTE AL621

Pool 2; Samsung 3710, Huawei E398 

All the tested DUTs operate in LTE band 7, downlink channel 3100 was used for testing. Mechanical setups for DUTs were copied from labs that already tested the same DUT samples. Pictures of the setup are presented in R4-111718 [2].
3.1. Maximum Throughputs
Maximum theoretical throughput of defined reference measurement channels could not be achieved using Anritsu 8820C, sw version 22.00#13 for LTE.The DUTs required different scenario types for the connection and the max throughputs varied among these scenario types. Even within a scenario type, variance in maximum throughput was noticed. Reason for this variation is confirmed by the equipment manufacturer to be following; LTE application will start to calculate throughput in a random time within a subframe. In addition there might be a situation that number of samples is not composite number of the number of subframes.
ZTE was tested under normal scenario, 100% = 22890 – 22534 kbps

3710 was tested under type 2 scenario, 100% = 22585-22534 kbps

E398 was tested under type 1 scenario, 100% = 22585 – 22522 kbps
4. Test results
4.1. SCME UMi
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4.2. SCME UMa
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4.3. Channel model comparisons
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4.4. Effect of the radiation pattern
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4.5. 64QAM vs. 16QAM
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Figure 7:Trials with MCS 26.
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Figure 8: Trials with MCS 26.
4.6.  Impact of Measured Blocks
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5. Conclusions
All the round robin devices were compared using SCME urban micro-cell and macro-cell. At 90% throughput level UMi produced 9dB spread to the radiated performance of tested devices. Corresponding spread with SCME urban macro-cell channel model was 7dB. Used external antenna showed clearly the best performance with both channel models. Deviation in performance of commercial devices at 90% throughput level was 4dB with UMi and 2dB with UMa.
Effect of the channel model to the performance of Pool1 Samsung 3710 and Huawei E398 was studied using UMi, UMa and Winner II channel models as defined in [1]. For both devices different channel models produced 3dB spread at 90% throughput level; however order of the channels models was different for different products. Impact of simplification of the multi-path based SCME UMi into single spatial cluster was tested with Pool 2 Samsung 3710 and Huawei E398. At 90% throughput level Samsung 3710 showed a very small degradation of throughput. Performance of Huawei E398 degraded more.  
 For test results in general the devices were tested in one single orientation. The tested USB dongles can be used in different orientations in respect to the channel model and therefore three orthogonal orientations of Pool 2 Samsung 3710 and Huawei E398 were tested. Change of orientation caused performance variations up to 3dB.

Testing with MCS 26 in downlink i.e. 64QAM was tried, however due to the test equipment limitations in downlink power, high throughput numbers were not achieved.

Impact of measurement time to throughput result accuracy was shortly studied using SCME UMi channel model. Measurement of 20000 transmitted blocks leads into measurement time of roughly 20 seconds.  The test results imply that testing of only half of defined number of blocks would not have extensive impact on measurement accuracy.
 Compared to Satimo’s test results in R4-111718[2], test result presented in this contribution are well with in a normal OTA testing uncertainty.  However, it can be noted that the maximum achieved throughput numbers in kbps are different and that the correlation between the test results is not as good as it was with HSDPA RR measurements [3].  One of the identified causes for discrepancy is different software versions of eNodeB emulator. The two used software versions, 22.10#18 and 22.00#13, were compared by conducted measurements using scenario type 2. The conducted measurement shows a difference in maximum throughput number and a drift of throughput vs. power curve. 
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Figure � SEQ Figure \* ARABIC �1�: Pool 1 and 2 devices tested with SCME Urban micro-cell.





Figure � SEQ Figure \* ARABIC �2�: Pool 1 and 2 devices tested with SCME Urban macro-cell.





Figure � SEQ Figure \* ARABIC �3�: Huawei E398 tested with three different channel models.





Figure � SEQ Figure \* ARABIC �4�: Samsung 3710 tested with three different channel models.





Figure � SEQ Figure \* ARABIC �5�: Single cluster versus multiple cluster results of SCME Urban macro-cell.





Figure � SEQ Figure \* ARABIC �6�: Impact of device orientation to measured throughput curve.





Figure � SEQ Figure \* ARABIC �9�: Investigation of needed measurement time.





Figure � SEQ Figure \* ARABIC �10�: Comparison of different software versions of Anritsu 8820C.
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