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1 Introduction
In the last meeting updates were made to the TRP measurement procedures that enable the use of a reverb chamber for the spurious emissions requirements. This was done in the form of a note at the end of the procedure.
As a note is strictly speaking informative this is perhaps not the optimum solution. Alternatives are discussed in this paper.

Also the MU budgets have been approved for reverb chamber for in band TRP measurements but the procedures have not yet been updated in the conformance specifications. A solution to this is also discussed.

2 Discussion
2.1 Existing spurious emissions TRP
The procedure for transmitter spurious emission is currently written as follows, the steps used for the reverb chamber measurement are highlighted in yellow:
6.7.5.2.4.2
Procedure

1)
Place the BS at the positioner.
2)
Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.

3)
Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 6.7.5.2.5.
4)
The measurement device characteristics shall be:

-
Detection mode: True RMS.
5)
Set the BS to transmit

-
For RIB declared to be capable of single carrier operation only, set the RIB to transmit a signal according to the applicable test configuration in subclause 4.8 using the corresponding test model in subclause 4.9.2 (i.e. NR-FR1-TM1.1 for BS type 1-O and NR-FR2-TM1.1 for BS type 2-O), at manufacturer's declared rated output power Prated,c,TRP.

-
For a RIB declared to be capable of multi-carrier and/or CA operation, set the RIB to transmit according to the corresponding test model in subclause 4.9.2 on all carriers configured using the applicable test configuration and corresponding power setting specified in subclause 4.7.2 and 4.8.
6)
Mount the BS and the test antenna such that measurements to determine TRP can be performed (see annex I).

7)
Measure the emission at the specified frequencies with specified measurement bandwidth.
8)
Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex I).

NOTE 1: the TRP measurement grid may not be the same for all measurement frequencies.

NOTE 2: the frequency sweep or the TRP measurement grid sweep may be done in any order.

9)
Calculate TRP at each specified frequency using the directional measurements.

In addition, for multi-band RIB(s), the following steps shall apply:

10)
For BS type 1-O and multi-band RIBs and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
NOTE:
As an alternative, TRP can be measured in a reverberation chamber following step 1, 3, 4, 5, 7 and 10.

These steps when taken in order make a suitable simplified procedure for the reverb chamber, so with the exception of the note the text is perhaps acceptable.
A perhaps better method would be to place the description of the chamber at the start of the procedure, for example:

“The following procedure for measuring TRP is based on the sum of multiple directional power measurements as described in in Annex I, an alternative method to measure TRP is to use a reverberation chamber if so follow steps 1, 3, 4, 5, 7 and 10.”
Proposal 1: remove the note and place the proposed text at the start of the procedure as follows:

6.7.5.2.4.2
Procedure
The following procedure for measuring TRP is based on the sum of multiple directional power measurements as described in in Annex I, an alternative method to measure TRP is to use a reverberation chamber if so follow steps 1, 3, 4, 5, 7 and 10.

1) Place the BS at the positioner.
2) …….

2.2 In band TRP
In band TRP measurements include unwanted and wanted emissions.

2.2.1 BS output power

In TR 37.843 subclause 10.4.1.5 wanted output power MU are agreed as follows 
Table 10.4.1.5-1: Test system specific measurement uncertainty values for the OTA BS output power test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	1,4
	1,5

	Near Field chamber
	
	

	Reverberation chamber
	1.4
	1.46


	Common maximum accepted test system uncertainty
	1.4
	1.5


As the reverb chamber is less than or equal to the existing common maximum accepted test uncertainty the reverb chamber can be used without an modification to the test requirements.
2.2.2 ACLR

Table 10.4.2.5-1: Test system specific measurement uncertainty values for the OTA absolute ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	2,2
	2,7

	Near Field chamber
	
	

	Reverberation chamber
	1.40
	1.46

	Common maximum accepted test system uncertainty
	2,2
	2,7


Table 10.4.2.5-2: Test system specific measurement uncertainty values for the OTA relative ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	
	

	Compact Antenna Test Range
	1,0
	1,2

	Near Field chamber
	
	

	Reverberation chamber
	1.40
	1.46

	Common maximum accepted test system uncertainty
	1,0
	1,2


The reverb chamber measurement uncertainty for the absolute power is lower than the current common maximum accepted test system uncertainty so it can be used without modification to the test requirements.

However the reverb chamber measurement uncertainty for the reverb chamber for the relative ACLR measurement is larger than the existing common maximum accepted test system uncertainty, in this case the test requirements must be modified to account for the additional 0.4/0.26dB uncertainty.

In addition procedure must be updated to ensure that the steps are suitable for both reverb chamber and directional measurements as is the case with the spurious emissions procedure.

For example for reverb the following steps are needed as highlighted in yellow:

6.7.3.4.2
Procedure

1)
Place the BS at the positioner.
2)
Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.

3)
Configure the BS such that the beam peak direction(s) applied during the power measurement step 6 are consistent with the grid and measurement approach for the TRP test.

The measurement devices characteristics shall be:


- measurement filter bandwidth: defined in subclause 6.7.3.5.


- detection mode: true RMS voltage or true power averaging.
4)
For single carrier operation, set the BS to transmit according to the applicable test configuration in subclause 4.8 using the corresponding test model(s) in subclause 4.9.2 at manufacturers declared rated carrier output power (PRated,c,TRP).


For a BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclauses 4.7.2 and 4.8 using the corresponding test model(s) in subclause 4.9.2 on all carriers configured.
5)
Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex I).

6)
Measure the absolute power of the assigned channel frequency and the (adjacent channel frequency).
7)
Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate for each of the assigned channel frequency and the adjacent channel frequency (see annex I).
8)
Calculate TRPEstimate for the absolute total radiated power of the wanted channel and the adjacent channel and the ACLR estimate using the measurements made in Step 7.
NOTE: ACLR is calculated by the ratio of the absolute TRP of the assigned channel frequency and the absolute TRP of the adjacent frequency channel.

9)
Measure OTA ACLR for the frequency offsets both side of channel frequency as specified in table 6.7.3.5.1-1 for BS type 1-O or table 6.7.3.5.2-1for BS type 2-O respectively. In multiple carrier case only offset frequencies below the lowest and above the highest carrier frequency used shall be measured.
10)
For the OTA ACLR requirement applied inside sub-block gap for non-contiguous spectrum operation or inside Inter RF Bandwidth gap for multi-band operation:

a)
Measure OTA ACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
b)
Measure OTA CACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
11)
Repeat the test with the channel set-up using NR- FR1-TM1.2 defined in subclause 4.9.2 in [3] for BS type 1-O.
In addition, for multi-band RIB, the following steps shall apply:

12)
For BS type 1-O and multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
Steps 1,3,4,6,7,8,9,10,11 and 12 are required for the reverb chamber measurement. Steps 3, 78 and 8 (highlighted in magenta) need modifying so the text is suitable for both methods.
A suggested updated procedure is:

6.7.3.4.2
Procedure
The following procedure for measuring TRP is based on the sum of multiple directional power measurements as described in in Annex I, an alternative method to measure TRP is to use a reverberation chamber. if so follow steps 1, 3, 4, 6,  8, 9, 10, 11 and 12.

1)
Place the BS at the positioner.
2)
Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.

3)
Configure the BS such that the beam peak direction(s) applied during the power measurement step 6 are consistent with the grid and measurement approach for the TRP test. {this text seems unnecessary as the directions are all highlighted in the initial conditions subclause}

The measurement devices characteristics shall be:


- measurement filter bandwidth: defined in subclause 6.7.3.5.


- detection mode: true RMS voltage or true power averaging.
4)
For single carrier operation, set the BS to transmit according to the applicable test configuration in subclause 4.8 using the corresponding test model(s) in subclause 4.9.2 at manufacturers declared rated carrier output power (PRated,c,TRP).


For a BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclauses 4.7.2 and 4.8 using the corresponding test model(s) in subclause 4.9.2 on all carriers configured.
5)
Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex I).

6)
Measure the absolute power of the assigned channel frequency and the (adjacent channel frequency).
7) Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate(see annex I).
7)
Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate for each of the assigned channel frequency and the adjacent channel frequency (see annex I). {repeating for each assigned channel frequency makes no sense in this step as TRP and ACLR are not yet calculated – this seems to be repeated in step 9 anyway}
8)
Calculate TRPEstimate for the absolute total radiated power of the wanted channel and the adjacent channel and the ACLR estimate using the measurements made in Step 7.
9) Calculate relative ACLR estimate.
NOTE: ACLR is calculated by the ratio of the absolute TRP of the assigned channel frequency and the absolute TRP of the adjacent frequency channel.
NOTE: For FR1 the measurement uncertainty of the reverberation chamber for the relative ACLR is higher than the measurement uncertainty in subclause 4.1.2 the test requirements in Table 6.7.3.5.1-1 should be offset by 0.4dB (0 to 3GHz) and 0.3dB (3 to 6GHz).
10)
Measure OTA ACLR for the frequency offsets both side of channel frequency as specified in table 6.7.3.5.1-1 for BS type 1-O or table 6.7.3.5.2-1for BS type 2-O respectively. In multiple carrier case only offset frequencies below the lowest and above the highest carrier frequency used shall be measured.
11)
For the OTA ACLR requirement applied inside sub-block gap for non-contiguous spectrum operation or inside Inter RF Bandwidth gap for multi-band operation:

a)
Measure OTA ACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
b)
Measure OTA CACLR inside sub-block gap or Inter RF Bandwidth gap, if applicable.
12)
Repeat the test with the channel set-up using NR- FR1-TM1.2 defined in subclause 4.9.2 in [3] for BS type 1-O.
In addition, for multi-band RIB, the following steps shall apply:

13)
For BS type 1-O and multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
2.2.3 Operating band unwanted emissions/ OTA Spectrum emission mask
Operating band unwanted emissions and OTA spectrum emissions mask are similar requirements for E-UTRA/NR and UTRA respectively, they have very similar procedures and measurement uncertainties as they measure absolute power of a similar level.
Table 10.4.3.5-1: Test system specific measurement uncertainty values for the OTA absolute ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	1,8
	2,0

	Near Field chamber
	
	

	Reverberation chamber
	1.40
	1.46

	Common maximum accepted test system uncertainty
	1,8
	2,0


Table 10.4.4.5-1: Test system specific measurement uncertainty values for the OTA SEM
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,2
	1,3

	Compact Antenna Test Range
	1,8
	2,0

	Near Field chamber
	[1.4]
	[1.6]

	Reverberation chamber
	1.40
	1.46

	Common maximum accepted test system uncertainty
	1,8
	2,0


The reverb chamber measurement uncertainty for the absolute power is lower than the current common maximum accepted test system uncertainty so it can be used without modification to the test requirements.

2.2.4 Including in-band reverb chamber to conformance procedures

For the in-band requirements with the exception of the relative ACLR requirement the reverb chamber measurement uncertainty is lower than the current common maximum accepted test system uncertainty so it can be used without modification to the test requirements. The same text is proposed as used for the spurious emissions.

Proposal 2: For procedures where the reverb chamber MU is lower than the current common maximum accepted test system uncertainty include the reverb chamber using the same text as in proposal 1.

Some of the steps in the in-band procedures require the directional sum instructions separating from the general set up instructions. Examples of how this is done are shown in subclause 2.2.2 above. The changes are to numerous to list in this discussion document but are applied to the accompanying draft CR’s

Proposal 3: where necessary separate the directional sum TRP measurement instructions from the general set up instructions in the TRP measurement procedures. 
For the ALCR requirement the test requirement will need to be modified if the reverb chamber is to be used. A means of highlighting this is demonstrated in subclause 2.2 above.
Proposal 4: For the relative ACLR procedures where the reverb chamber MU is higher than the current common maximum accepted test system uncertainty update the procedure highlighting the offsets for the higher MU
Summary
For the existing spurious emissions requirements reverberation chamber is currently only referred to as a note in the procedure which according to drafting rules is informative only. As the reverb chamber is an agreed method for measuring TRP this should be cleared up. Some proposed text to be placed at the start of the procedure highlighting the difference between the methods has been proposed as follows:
Proposal 1: remove the note and place the proposed text at the start of the procedure as follows:

6.7.5.2.4.2
Procedure
The following procedure for measuring TRP is based on the sum of multiple directional power measurements as described in in Annex I, an alternative method to measure TRP is to use a reverberation chamber if so follow steps 1, 3, 4, 5, 7 and 10.

1) Place the BS at the positioner.
2) …….

For the in-band requirements with the exception of the relative ACLR requirement the reverb chamber measurement uncertainty is lower than the current common maximum accepted test system uncertainty so it can be used without modification to the test requirements.

Proposal 2: For procedures where the reverb chamber MU is lower than the current common maximum accepted test system uncertainty include the reverb chamber using the same text as in proposal 1.

Proposal 3: where necessary separate the directional sum TRP measurement instructions from the general set up instructions in the TRP measurement procedures. 
For the ALCR the following proposal is made to deal with the higher MU for the reverb chamber.

Proposal 4: For the relative ACLR procedures where the reverb chamber MU is higher than the current common maximum accepted test system uncertainty update the procedure highlighting the offsets for the higher MU
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