3GPP TSG-RAN4 Meeting #103-e	R4-2208790
Online,  9 May – 20 May, 2022
Source:	NEC
Title:	Discussion on BS RF conformance requirements for 1024QAM in FR1 
Agenda item:	9.6.3
Document for:	Discussion
Introduction.
This contribution discusses the BS RF conformance requirements for DL 1024QAM in FR1 and proposes corrections for them.
Discussion
In the previous meeting, CRs to introduce BS RF conformance requirements for FR1 DL 1024QAM were agreed. In this contribution, we review the introduced requirements in terms of manufacturer declaration, test procedure for total power dynamic range, test procedure for modulation quality, and test requirements for modulation quality in TS 38.141-1, 38.141-2, 37.141, 37.145-1, and 37.145-2.
1. Manufacturer declaration
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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.
In TS 38.141-2, there is a note on the rated output power declarations if BS type 1-H or BS type 1-O is capable of 256QAM operation in table 4.6-1 as below. However, the note is missing for the case if a BS is capable of 1024QAM operation. It is proposed to add another note on the rated output power declarations if a BS is capable of 1024QAM operation. It is also proposed to clarify NOTE 14 is applicable only if a BS is capable of 256QAM operation but not capable of 1024QAM operation.
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.
In TS 37.141, there are notes on the rated output power declarations if a BS is capable of 256QAM operation and if a BS is capable of 1024QAM operation for a) general parameters, and d) parameters related to operation of E-UTRA in sub-clause 4.7.2 as below. However, the note is missing for the case if a BS is capable of 1024QAM operation for f) parameters related to operation of NR. It is proposed to add another note for f) parameters related to operation of NR on the rated output power declarations if a BS is capable of 1024QAM operation. It is also proposed to clarify NOTE 1 is applicable only if a BS is capable of 256QAM operation but not capable of 1024QAM operation.
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.
NOTE 2:	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 for 256QAM transmissions and the other declaration is applicable when configured neither for 256 nor 1024QAM transmissions.
In TS 37.145-1 and TS 37.145-2, there are notes on the rated output power declarations if a BS is capable of 256QAM operation and not 1024QAM operation, and if a BS is capable of 1024QAM operation in table 4.10-1. They look appropriate if small editorial modification is made. It is proposed that notes in TS 38.141-1, 38.141-2, 37.141 are modified to be similar to the noes in TS 37.145-1 and 37.145-2.
NOTE 1:	If a BS is capable of 256QAM DL operation (and not 1024QAM 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.
NOTE 2:	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 for 256QAM transmissions and the other declaration is applicable when configured neither for 256 QAM nor 1024QAM transmissions.
2. Test procedure for total power dynamic range
In TS 38.141-1, test procedure for total power dynamic range at max power is described in sub-clause 6.3.3.4.2 as below (part). There is an issue that when the second condition in step 3) below is satisfied, the third condition is always satisfied. In such case, both NR-FR1-TM3.1a and NR-FR1-TM3.1 can be applied. It means the test model to be applied cannot be decided uniquely.
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 1024QAM is not supported and, if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1 if 1024QAM is supported with power back off or 1024QAM is not supported, or if 256QAM is supported by BS with power back, or
-	NR-FR1-TM3.1 if 1024QAM and 256QAM are both not supported by BS.
To solve the issue and considering the test model for the total power dynamic range at max power should be decided based on the highest modulation order supported by BS without power back off, we propose to modify the test procedure for total dynamic range as below.
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 not supported by BS without power back off and 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1 if 1024QAM and 256QAM are both not supported by BS without power back off.
In TS 38.141-2, procedures for total power dynamic range if 1024QAM is supported by BS is missing. Procedures if 1024QAM is supported by BS should be added. 
In TS 37.141, corresponding TSs are referred in the document. Update is not required.
In TS 37.145-1, test procedure for total power dynamic range at max power is described in the initial conditions part in sub-clause 6.3.4.4.1.4 as below (part). Same discussion applies for the test model at max power as discussed for TS 38.141-1. It is proposed to modify the initial conditions for NR as is proposed for test procedure step 3) for TS 38.141-1.
6.3.4.4.1	Initial conditions
6.3.4.4.1.4	NR
Set the Channel set-up of the TAB connector transmitted 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 1024QAM is not supported and, if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1 if 1024QAM is supported by BS with power back off or 1024QAM is not supported, or if 256QAM is supported by BS with power back off, or
-	NR-FR1-TM3.1 if 1024QAM and 256QAM are both not supported by BS.
In TS 37.145-2, test model for total power dynamic range at max power is described as below (part). There is an issue that no test model is selected if 1024QAM is not supported BS and 256 QAM is supported by BS without power back off by BS. It is proposed to modify the procedure as proposed for TS 38.141-1.
6.4.4.4.2	Procedure
6.4.4.4.2.4	NR
5)	Set the BS to transmit a signal according to:
-	NR-FR1-TM3.1b as defined in TS 38.141-1 [35] clause 4.9.2.2.6a if 1024QAM is supported by BS without power back off, or	NR-FR1-TM3.1a as defined in TS 38.141-1 [35] clause 4.9.2.2.6 if 1024QAM is supported by BS with power back off and 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1 as defined in TS 38.141-1 [35] clause 4.9.2.2.5 if 256QAM is supported by BS with power back off, or
-	NR-FR1-TM3.1 as defined in TS 38.141-1 [35] clause 4.9.2.2.5 if 1024QAM and 256QAM is not supported by BS.
3. Test procedure for modulation quality
In TS 38.141-1, test procedure for modulation quality is described in sub-clause 6.5.3.4.2. It looks fine.
In TS 38.141-2, test procedure for 1024QAM is missing. It need to be added.
In TS 37.141, corresponding TSs are referred for the modulation quality test procedure in the document. Update is not required.
In TS 37.145-1, test procedure for modulation quality is differently defined from other specification but it is fine.
In TS 37.145-2, test procedure for modulation quality is described in sub-clause 6.6.4.4.2.2. In the procedure, test models at max power are described in step 5) and test models at min power are described in step 7) as below. In step 5), test models if both 1024QAM and 256QAM are supported by BS with power back off and test models if 1024QAM is supported by BS and 256QAM is supported by BS without power back off are missing. In step 7), test model cannot be selected uniquely when both 1024QAM and 256QAM are supported by BS. Step 5) and 7) of the test procedure shall be corrected.
5)	Set the AAS BS to output according to the applicable test configuration in clause 5 using the corresponding test models or set of physical channels in clause 4.12.2.
	For single carrier operation only, set the AAS BS to transmit signal according to E-TM3.1 for E-UTRA (or sE-TM3.1-1 for subslot TTI, or sE-TM3.1-2 for slot TTI), at manufacturers declared rated carrier EIRP (Prated,c,EIRP).
	For NR operation, set the AAS BS to transmit signal according following procedure for BS type 1-O:
	For BS type 1-O declared to be capable of single carrier operation only, 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-TM3.1b 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 if 256QAM is supported by BS with power back off, at manufacturer's declared rated output power (Prated,c,EIRP) 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.
~~~~~~
7)	Repeat steps 5 and 6 for the following test models:
：
	For NR: repeat steps 5 and 6 for NR-FR1-TM2 if 256QAM is not supported by BS type 1-O or for NR-FR1-TM2a if 256QAM is supported by BS type 1-O or for NR-FR1-TM2b if 1024QAM is supported by BS type 1-O. For NR-FR1-TM2, NR-FR1-TM2a and NR-FR1-TM2b the OFDM symbol power (in the conformance direction) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.4.4.4.2.4 and test requirements in clause 6.4.4.5.3.
4. Test requirements for  modulation quality
In TS 38.141-1, test requirements for modulation quality are described in table 6.5.3.5-1. It looks fine.
In TS 38.141-2, test requirement for modulation quality for 1024QAM is missing in table 6.5.3.5.1-1. It shall be added.
In TS 37.141, corresponding TSs are referred for modulation quality test requirements in the document. Update is not required.
In TS 37.145-1, test requirement for modulation quality for 1024QAM are described in table 6.5.4.7.3-1 and 6.5.4.7.3-1a for E-UTRA and NR, respectively. Requirement for E-UTRA is duplicated in the table. It should be corrected.
In TS 37.145-2, test requirement for modulation quality for 1024QAM are described in table 6.6.4.5.2-1 and 6.6.4.5.2-1a, respectively. They look fine.
Proposal:
To endorse the accompanied CRs [1][2][3][4][5] to update the manufacturer declarations, procedures, test requirements for FR1 DL 1024QAM as proposed above.
Conclusion
We have reviewed the BS RF conformance requirements for FR1 DL 1024QAM in terms of manufacturer declaration, test procedure for total power dynamic range, test procedure for modulation quality, and test requirements for modulation quality. We have found issues in each point. It is suggested to update the manufacturer declarations, procedures, test requirements for FR1 DL 1024QAM as proposed in the discussion part and to endorse the accompanied CRs.
Reference
[1] R4-2208791, “CR to TS 38.141-1: BS RF conformance requirements for 1024QAM in FR1”, NEC
[2] R4-2208792, “CR to TS 38.141-2: BS RF conformance requirements for 1024QAM in FR1”, NEC
[3] R4-2208793, “CR to TS 37.141: BS RF conformance requirements for 1024QAM in FR1”, NEC
[4] R4-2208794, “CR to TS 37.145-1: BS RF conformance requirements for 1024QAM in FR1”, NEC
[bookmark: _GoBack][5] R4-2208795, “CR to TS 37.145-2: BS RF conformance requirements for 1024QAM in FR1”, NEC
3GPP
