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1. Introduction
This RAN4#101-e meeting is starting works on performance part of introduction of DL 1024QAM modulation for NR FR1 according WID [1]. It should be noted that currently RAN4 is still finishing works on this WI for core part [2], where some details like BS Tx EVM requirement is not decided yet.
In this contribution we provide considerations on BS RF test requirements for 1024QAM for NR FR1.
2. Discussion
In BS core specification TS 38.104 there are two requirements that introduce minimum requirements depends on modulation order. These are RE power control dynamic range and Error vector magnitude (EVM). 
Introduction of new 1024QAM modulation for FR1 will require respective updates in both conducted test specification TS 38.141-1 and radiated test specification TS 38.141-2.

 Observation 1: Updates are needed in both conducted test specification TS 38.141-1 and radiated test specification TS 38.141-2.
TS 38.141-1 conformance specification for RE power control dynamic range doesn’t require to specific test, thus there is no need to modify anything in this part due to introduction of new 1024QAM modulation, as these EVM test is sufficient.
Observation 2: No need to modify test specification 38.141-1 for RE power control dynamic range due to 1024QAM introduction.
2.1 Manufacturer declarations

During the discussions for core part of 1024QM work item it was agreed that for 1024QAM manufacturer declaration for will be introduced to both conducted TS 38.141-1 and radiated TS 38.141-2 test specifications. 
In TS 38.141-1 specification in clause 4.6 in table 4.6-1 there is a Note 1 that capture additional manufacturer declaration for 256QAM:
NOTE 1:
If a BS is capable of 256QAM DL operation then two rated output power declarations may be made. One declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when not configured for 256QAM transmissions.

This note should be modified to allow different up to three declarations also separate for 1024QAM as follow:
NOTE 1:
If a BS is capable of 1024QAM DL operation then up to three rated output power declarations may be made. One declaration is applicable when configured for 1024QAM transmissions, a different declaration is applicable when configured 256QAM transmissions and the other declaration is applicable when configured neither for 256QAM nor 1024QAM transmissions.

Similarly, in radiated specification TS 38.141-2 also modification is needed for BS type 1-O, where Note 14 has to be updated:
NOTE 14:
If a BS type 1-H or BS type 1-O is capable of 256QAM DL operation then two rated output power declarations may be made. One declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when not configured for 256QAM transmissions.
This Note 14 should be modified to allow different up to three declarations also separate for 1024QAM as follow:
NOTE 14:
If a BS type 1-H or BS type 1-O is capable of 1024QAM DL operation then up to three rated output power declarations may be made. One declaration is applicable when configured for 256QAM transmissions, a different declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when configured neither for 256QAM nor 1024QAM transmissions.

Proposal 1: To modify manufacturers declarations in test specification 38.141-1 and 38.141-2 to allow separate declaration for 1024QAM. 
2.2 EVM test requirement

Modifications are required for EVM test in specification TS 38.141-1 when new 1024QAM modulation is added. For already specified modulations from QPSK to 256QAM a 1% of test tolerance is added for respective values (as presented in excerpt table from specification 38.141-1 below). Thus, for new 1024QAM modulation similar approach should be used. 

Table 6.5.3.5-1 EVM requirements for BS type 1-C and BS type 1-H [from TS 38.141-1]
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	18.5 %

	16QAM
	13.5 %

	64QAM
	9 %

	256QAM
	4.5 %


Proposal 2: To define test EVM requirement as EVM core requirement + 1%.
2.3 Test models for 1024QAM
Introduction of 1024QAM modulation for FR1 requires addition of respective test models that are using 1024QAM modulation. More specifically there is a need to introduce additional FR1 test model 2a (single PRB allocation) and FR1 test model 3b (full PRB allocation). 

Below required TP to TS 38.141-1 is presented:
<Start of TP to 38.141-1>

4.9.2.2.5
FR1 test model 2b (NR-FR1-TM2b)

This model shall be used for tests on:

-
Total power dynamic range (lower OFDM symbol TX power limit (OSTP) at min power)

-
EVM of single 1024QAM PRB allocation (at min power)

-
Frequency error (at min power)

Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters and numbers of the allocated PRB are defined in table 4.9.2.2.3-1 with all 64QAM PDSCH PRBs replaced by 1024QAM PDSCH PRBs.

<Next section to be added>
4.9.2.2.6a
FR1 test model 3.1b (NR-FR1-TM3.1b)

This model shall be used for tests on:

-
Output power dynamics

-
Total power dynamic range (upper OFDM symbol TX power limit (OSTP) at max power with all 1024QAM PRBs allocated)

-
Transmitted signal quality

-
Frequency error

-
EVM for 1024QAM modulation (at max power)

NOTE:
EVM shall be evaluated over PDSCH allocated PRBs with [image: image2.png]
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Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters are defined in table 4.9.2.2.1-1 with all QPSK PDSCH PRBs replaced by 1024QAM PDSCH PRBs.

<End of TP to 38.141-1>

Proposal 3: To add additional test model 2b and 3.1b for 1024QAM.
2.4 Total power dynamic range test and EVM test

Introduction of 1024QAM modulation requires updates also in test procedure for Total power dynamic range test and EVM test, to include new test models for 1024QAM for single PRB (TM2b) and full PRB allocations (TM3.1b).
Below a TP to TS 38.141-1 with proposal of updates to procedures for TPDR test and EVM test.

<Start of TP to 38.141-1>

6.3.3.4.2
Procedure

For BS type 1-H where there may be multiple TAB connectors, they may be tested one at a time or multiple TAB connectors may be tested in parallel as shown in annex D.3.1. Whichever method is used the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.

1)
Connect the single-band connector(s) under test as shown in annex D.1.1 for BS type 1-C and in annex D.3.1 for BS type 1-H. All connectors not under test shall be terminated.

2)
Set each connector under test to transmit according to the applicable test configuration in clause 4.8 using the corresponding test models in clause 4.9.2 at rated carrier output power Prated,c,AC for BS type 1-C and Prated,c,TABC for BS type 1-H (D.21).

3)
For BS type 1-C and BS type 1-H, set the BS to transmit a signal according to:

-
NR-FR1-TM3.1b if 1024QAM is supported by BS without power back off, or
-
NR-FR1-TM3.1a if 1024QAM is supported by BS with power back off, or

-
NR-FR1-TM3.1a if 1024QAM is not supported by BS.

4)
Measure the OFDM symbol TX power (OSTP) as defined in the annex H.
5)
For BS type 1-C and BS type 1-H, set the BS to transmit a signal according to:
NR-FR1-TM2b if 1024QAM is supported by BS, or

NR-FR1-TM2b if 1024QAM is not supported by BS;
6)
Measure the OFDM symbol TX power (OSTP) as defined in the annex H. 

In addition, for multi-band connectors, the following steps shall apply:

7)
For a multi-band connectors and single band tests, repeat the steps above per involved operating band where single band test configurations and test models shall apply with no carrier activated in the other operating band.

<Next modified section>

6.5.3.4.2
Procedure

The minimum requirement is applied to all antenna connectors or TAB connectors, they may be tested one at a time or multiple antenna connectors or TAB connectors may be tested in parallel as shown in annex D.1.1 for BS type 1-C or in annex D.3.1 for BS type 1-H. Whichever method is used the procedure is repeated until all antenna connectors or TAB connectors necessary to demonstrate conformance have been tested.

1)
For an antenna connector or TAB connector declared to be capable of single carrier operation only (D.16), set the antenna connector or the TAB connector under test to transmit a signal according to the applicable test configuration in clause 4.8 using the corresponding test models:

-
NR-FR1-TM 3.1b if 1024QAM is supported by BS without power back off, or
-
NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-
NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-
NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or

-
NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or

-
NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.


For an antenna connector or TAB connector declared to be capable of multi-carrier and/or CA operation (D.15-D.16), set the antenna connector or the TAB connector under test to transmit according to the applicable test configuration and corresponding power setting specified in clauses 4.7 and 4.8 using the corresponding test models on all carriers configured:
-
NR-FR1-TM 3.1b if 1024QAM is supported by BS without power back off, or
-
NR-FR1-TM3.1b at manufacturer's declared rated output power if 1024QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-
NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-
NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or

-
NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or

-
NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.

For NR-FR1-TM3.1a, power back-off shall be applied if it is declared.

2)
Measure the EVM and frequency error as defined in annex H.

3)
Repeat steps 1 and 2 for NR-FR1-TM2b if 1024QAM is not supported by BS or for NR-FR1-TM2b if 1024QAM is supported by BS. For NR-FR1-TM2, NR-FR1-TM2a and NR-FR1-TM2b the OFDM symbol TX power (OSTP) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.3.3.4 and test requirements in clause 6.3.3.5.
In addition, for multi-band connector(s), the following steps shall apply:

4)
For multi-band connectors 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.

<End of TP>

Proposal 4: To update procedures for TPDR test and EVM test for 1024QAM. 
3. Conclusion

In this contribution we provide considerations on BS RF test requirements for 1024QAM for NR FR1.We have made following observations and proposals:
Observation 1: Updates are needed in both conducted test specification TS 38.141-1 and radiated test specification TS 38.141-2.
Observation 2: No need to modify test specification 38.141-1 for RE power control dynamic range due to 1024QAM introduction.

Proposal 1: To modify manufacturers declarations in test specification 38.141-1 and 38.141-2 to allow separate declaration for 1024QAM. 

Proposal 2: To define test EVM requirement as EVM core requirement + 1%.
Proposal 3: To add additional test model 2b and 3.1b for 1024QAM.

Proposal 4: To update procedures for TPDR test and EVM test for 1024QAM. 
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