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1. Introduction

This contribution provides high level descriptions of some of the remaining TX tests in order to facilitate generation of corresponding TPs for TS36.141 [1]. This is a companion paper to [7] which proposes further details for the E-UTRA Test Models.
The following TX tests of the corresponding requirements in [2] are considered here:

1. Error Vector Magnitude (including RS to PDSCH EPRE relative accuracy)
2. Frequency error
3. Power control dynamic range
4. Total power dynamic range
5. DL RS power
The E-UTRA Test Models assumed in this paper are discussed in more detail in [7] and are summarized as follows:
· E-TM1: maximum TX power, fully allocated PDSCH, QPSK modulated, used for testing of OOB, Unwanted emissions, etc.
· E-TM2:, minimum TX power, single scheduled UE with one 64QAM modulated PRB, used for testing Total power dynamic range, EVM and Frequency error
· E-TM3.x: maximum TX power, used for testing EVM for all modulation schemes and Frequency error

· E-TM3.1: used for 64QAM PRBs (no deboosting)

· E-TM3.2: used for deboosted 16QAM PRBs

· E-TM3.3: used for deboosted QPSK PRBs

Regarding E-TM3.x, [4] listed the following FFS items which are addressed in this contribution: 

· FFS how Power control dynamic range could be done via an EVM test for deboosting. Or alternatively EPRE measurements could be considered to verify Power control dynamic range. 

· It is FFS how inaccuracies of PDSCH PRB power offsets should be reflected in the EVM measurement. In this context also the relative accuracy requirement of the RS EPRE / 64QAM EPRE as discussed in [8] shall be considered
2. Relationship between the considered TX requirements and tests
Following points regarding the relationship between the above TX requirements and appropriate tests need to be considered:

1.  EVM test shall be limited to PDSCH PRBs as the current EVM definition in [2] is for PDSCH only. However, the EVM of the various PDSCH modulation schemes (QPSK, 16QAM, 64QAM) shall be verified separately. Note that the impact on RS EVM is indirectly captured by the EVM definition in [2], i.e. when computing the equaliser weights from channel gain measurements on RS.
2. EVM tests shall be defined for minimum and maximum total transmit power conditions (as for UTRA).
3. In line with the suggestions in [4] we propose to test the PDSCH EVM only for de-boosted QPSK and 16QAM PRBs as the EVM measurement is more sensitive to deboosting than boosting. Additionally, the EVM of 64QAM PRBs with a flat EPRE allocation needs to be verified.
4. RS to PDSCH EPRE relative accuracy as discussed in [5,8] can be understood as accuracy requirements for the signalled vs. measured values for PA, PB with the following RAN1 definitions:

EA: 
EPRE (energy per resource element) of PDSCH REs (resource elements) type A i.e. REs in OFDM 
symbols that do not include reference symbols
EB: 
EPRE of PDSCH REs type B i.e. REs in OFDM symbols that include reference symbols
ERS:
EPRE of reference symbols REs
· network provides UEs with a UE-specific semi-static parameter PA. In case of 16QAM or 64QAM, a UE can assume that the parameter PA equals the ratio EA/ERS used for PDSCH transmission to the UE

· the ratio PB = EB/EA is the same for all UEs within the cell. PB is broadcast over the cell.

It was agreed in [5] that accuracy of PA, PB  shall be tested indirectly via EVM measurements. In order to make the EVM measurement sensitive to erroneous energy offsets on EA, EB, ERS the signal analyzer shall use directly the energy offsets as defined within the E-TMx and then use this information a priori during the ideal signal reconstruction without any further estimations / corrections of EPRE offsets. I.o.w., 
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, the ideal signal as reconstructed by the measurement equipment shall include the relevant EPRE offsets on RS, PDSCH REs in accordance with the given E-TM model when computing the EVM using the expression. This way we do not only verify the eNB’s capability to set EPRE offsets in the first place (i.e. check for Power control dynamic range which could be done simply as an EPRE measurement), but we also verify the accuracy of these EPRE settings as required for the ratios PA, PB. Feedback from TE vendors regarding the feasibility of this proposal is welcome.
5. From the preceding discussion it is also clear that the PDSCH Power control dynamic range is implicitly tested when performing an EVM measurement with the ideal signal reconstructed by using a priori information for the EPRE offsets as given by the E-TM. If the eNB would not be able to reach the specified dynamic range, it would show up as an increased EVM. Hence, it is recommended to also re-use the EVM tests for indirectly testing the PDSCH Power control dynamic range, i.e. in a similar manner as for the EPRE accuracy setting tests. As we proposed to test the EVM for only de-boosted PDSCH QPSK and 16QAM PRBs, we suggest the same for the Power control dynamic range test in order to limit the amount of E-TMs and tests to be defined. Finally, as the QPSK deboosting requirements for PDCCH and PDSCH are identical, it suffices to test only PDSCH (there is also no EVM definition for PDCCH).
6. Testing of absolute RS accuracy requires a RS power measurement across the REs carrying RS at a specified reference condition, e.g. using E-TM1 (or E-TM3.x) at the maximum TX power specified by the manufacturer. This is a synchronised measurement after the FFT, similar to the CPICH CDP measurement in UTRA. RS transmitted power can be defined similar to RSRP in TS36.214, i.e. as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP, over the duration 1/
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, see also [6]. Note that RSRP is not yet properly defined in TS36.214 [6]. Definitions for measuring the RS transmitted power would need to be added to Annex F of TS36.141.
7. For testing the Total power dynamic range OFDM symbol power measurements shall be performed with e.g. E-TM1 (or E-TM3.x) at maximum TX power and E-TM2 at minimum TX power. The measured OFDM symbol(s) in E-TM2 shall not contain RS, PBCH or synchronisation signals.
An OFDM symbol power measurement would need to be defined. This is a synchronised measurement after the FFT, and could be built upon RE power measurements as follows (see above for RS RE power):  
OFDM symbol power  =
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Definitions for measuring OFDM symbol power, together with appropriate averaging patterns within the time-domain, would need to be added to Annex F of TS36.141. Checking the EVM of the 64QAM PRB in E-TM2 at minimum TX power is already included within the EVM test procedure, so there is no need to duplicate this test here.
In conclusion, the EVM test procedure is identified as the key building block for testing most of the open TX requirements. It shall also facilitate testing of
a. Frequency error at minimum and maximum power, see [1, 4]

b. RS to PDSCH EPRE relative accuracy requirements for PA, PB, indirectly via EVM measurements as agreed in [5]. Conducting the corresponding EVM tests at minimum and maximum power conditions (E-TM2) should provide sufficient test coverage for PA, PB accuracy.
c. PDSCH PRB Power control dynamic range indirectly via EVM measurements. Only deboosting will be tested with E-TM3.x.
Feedback from TE vendors is welcome regarding the feasibility of these proposals.
3. High level description of the TX tests
Error Vector Magnitude
Initial conditions:

Test environment: 


normal; see Annex D2.

RF channels to be tested: 
B, M and T; see subclause 4.7

Connect the signal analyzer to the base station RF output port as shown in Annex K.
Procedure:

1. Start BS transmission at Pmax

2. Set the BS to transmit a signal according to E-TM 3.1
3. Measure the EVM and frequency error as defined in Annex F 

4. Repeat steps 2. and 3. for E-TM 3.2 , E-TM 3.3 and E-TM 2.
Note: the test for Total power dynamic range will verify that the difference between the average OFDM symbol power measured at Pmax using E-TM1 and measured at reduced output power using E-TM2 shall be according to TS36.104, Table 6.3.2-1 E-UTRA BS total power dynamic range  + TT or greater
Test requirement:

The EVM shall be less than the value as per TS36.104, Table 6.5.2-1, EVM requirements + TT
Frequency error
· Existing text in [1] is OK.

Power control dynamic range
· No separate test required; is already covered by EVM test.

Total power dynamic range
Initial conditions:

Test environment: 


normal; see Annex D2.

RF channels to be tested: 
B, M and T; see subclause 4.7

Connect the signal analyzer to the base station RF output port as shown in Annex K.

Set-up BS transmission at maximum total power as specified by the supplier. Channel set-up shall be according to E-TM 1.

Procedure:

1. Measure the average OFDM symbol power across [TBD] subframes as defined in Annex F. 

2. Set the BS to transmit a signal according to E-TM 2.

3. Measure the average OFDM symbol power across [TBD] subframes as defined in Annex F. The measured OFDM symbols shall not contain RS, PBCH or synchronisation signals.
Test requirement: 

The difference between the average OFDM symbol power measured at Pmax using E-TM1 and measured at reduced output power using E-TM2 shall be according to TS36.104, Table 6.3.2-1 E-UTRA BS total power dynamic range  + TT or greater
DL RS power
Initial conditions:

Test environment: 


normal; see Annex D2.

RF channels to be tested: 
B, M and T; see subclause 4.7

Connect the signal analyzer to the base station RF output port as shown in Annex K.
Set-up BS transmission at maximum total power (Pmax) as specified by the supplier. Channel set-up shall be according to E-TM 1.
Procedure:

Measure the RS transmitted power across [10] subframes according to annex F.

Test requirement: 

RS transmitted power shall be within the value as per TS36.104, 6.5.4
DL RS power  + TT
4. Conclusions

It is proposed that RAN4 agree upon the high level description of the TX tests from Sect. 3 as basis for generating corresponding TPs for TS36.141.
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