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1. Introduction

In order to proceed with NR conformance requirements definition for the UE RF the respective DL and UL RMCs need to be finalized. In the previous RAN4 meeting (#AH1807) multiple agreements were reached on the DL and UL RMCs for UE RF tests [1-13] and an LS to RAN5 [14] was agreed. The following remaining details were not decided and need further discussion:
1) Whether 256QAM only or both 256QAM and 64QAM will be used for FR1 Maximum input level RMC

2) Maximum input level DL RMCs for FR2

3) Additional UL RMCs and UL RMCs applicability for UE RF requirements

In this paper we provide our views on the remaining open issues related to RMCs for the UE RF requirements.
2. Discussion

2.1 FR1 Maximum input level test DL RMC 
Based on the latest version of the TS 38.101-1 both 64QAM and 256QAM modulations are used for FR1 Maximum input level tests:

	TS 38.101-1

Table 7.4-1: Maximum input level

Rx Parameter

Units 

Channel bandwidth

5
MHz

10
MHz

15
MHz

20
MHz

25
MHz

30 MHz

40
MHz

50
MHz

60
MHz

80
MHz

90 MHz
100
MHz

Power in Transmission Bandwidth Configuration

dBm

-252
-242
-232
-222
-212
-202
-273
-263
-253
-243
-233
-223
NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3-3 with PCMAX_L as defined in subclause 6.2.4.

NOTE 2:
Reference measurement channel is [TBD] for 64-QAM.

NOTE 3:
Reference measurement channel is [TBD] for 256-QAM.



In the previous meeting some companies raised concern about necessity of using 64QAM modulation for maximum input level tests since 256QAM support from UE perspective is mandatory in NR FR1. In accordance to the RAN4 UE feature list [15] the support of 256QAM for FR1 is mandatory with capability and “For FR1, it can be revisited in the future whether the 256QAM is mandated in all UE types or categories”. The respective agreements meant that for early UE implementations 256QAM support may be omitted and that in the future additional UE categories/types without 256QAM support can be introduced. Therefore, we suggest to keep the DL RMCs for both 64QAM and 256QAM modulations and the UE will be required to pass the requirements for the supported RMCs.
Proposal #1:
Keep both 64QAM and 256QAM DL RMCs modulations for FR1 Maximum input level requirements. UE needs to pass the requirement for either 64QAM or 256QAM RMCs depending in its capabilities.
2.2 FR2 Maximum input level test DL RMC 

Based on the latest TS 38.101-2 QPSK 1/3 RMC modulation shall be used for FR2 Maximum input level tests:
	38.101-2

Table 7.4-1: Maximum input level

Rx Parameter

Units

Channel bandwidth

50
MHz 

100
MHz

200
MHz

400
MHz

Power in transmission bandwidth configuration

dBm

-25 (NOTE 2)

NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.X-X with PCMAX_L as defined in subclause X.X.X.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2: QPSK, R=1/3 variant with one sided dynamic OCNG Pattern as described in Annex A.



In the previous meeting several proposals to revise the FRC for the Maximum input level test were made and, in particular, using 64QAM modulation was suggested. In general case UE should be designed in a way to support 64QAM operation for the maximum input levels. Same time, from the test methodology perspective using 64QAM may imply substantial challenges. The FR2 testing is done on the OTA environment. As described in [16], the test equipment may not be able to deliver an input power with required power level depending on the far field distance and the TE characteristics. No conclusions were reached in RAN4 and now the feasibility of the test is under discussion in RAN5 and no final conclusions were reached so far. One of the approaches to enable testing at high enough input power levels is to reduce the TX signal quality (i.e. increase EVM) and in this sense using more robust modulation for testing can be beneficial. Therefore, before deriving the conclusions on the FRC for the test case we suggest to wait for the conclusions on the test feasibility in RAN5. 
Proposal #2:
Reuse REFSENS QPSK 1/3 RMCs for FR2 Maximum input level requirements in Rel-15. Further confirm with RAN5 feasibility of maximum input level testing.
2.3 UL RMCs applicability
In RAN4 AH1807 the UL RMCs for the Maximum output power (MOP) and Maximum power reduction (MPR) test cases were defined. The UL RMCs were defined based on the inputs on the target test points from RAN5. During the meeting the concerns on the RMC applicability for MOP/MPR testing were raised and it was decided to postpone the discussion to the RAN4 #88. In particular, the following test points are considered by RAN5 for the MOP testing [17]:

	Table 2.1.1-1 Summary of test points involved
38.101-1

38.101-2

38.101-3 EN-DC

LTE

NR

Modulation

DFT-s-OFDM PI/2 BPSK

DFT-s-OFDM QPSK

DFT-s-OFDM PI/2 BPSK

DFT-s-OFDM QPSK

QPSK

DFT-s-OFDM PI/2 BPSK

DFT-s-OFDM QPSK
BW

Lowest, Mid, Highest per band

Lowest, Mid, Highest per band

Lowest, Mid, Highest per band
Lowest, Mid, Highest per band
RB allocation

1RB

Inner full

For PC2/3/4 UE: TBD pending on RAN4 MPR definition

For PC1 UE:

The waveform giving MPR=0 according to RAN4 (R4-1808531). In addition, 

FFS on MOP FR2 testing considering spherical coverage and TRP
TBD pending RAN4 MPR definition, need to select test point covering MPR=0 dB case.

For LTE, highest number of RBs for 0 dB MPR is used 

TBD pending RAN4 MPR definition, need to select test point covering MPR=0 dB case

SCS

Lowest, Highest per band

Lowest, Highest per band

NA

Lowest, Highest per band




The testing procedure for MOP and MPR requirements can be different from RAN5 perspective. In particular, the amount of tested points and metrics may vary especially for FR2 where MOP definition includes Min peak EIRP, Max EIRP, Max TRP and Min EIRP at 20%-tile CDF.
In general, the MOP testing shall be done for the reference TX waveforms providing 0 dB MPR and which were originally used for the power class definition. For both FR1 and FR2 operation, DFT-s-OFDM QPSK was agreed to be used as the reference waveform. For FR2 it was agreed that “waveform defined by BW = 100 MHz, SCS = 60 kHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0 dB MPR and is used for the power class definition” [18]. Therefore the whole test procedure shall be performance for DFT-s-OFDM QPSK only, while the pi/2 BPSK testing can be performed in the MPR requirements scope. 
Proposal #3:
Inform RAN5 that the following RMCs shall be used for MOP testing

· FR2: UL RMCs with BW = 100 MHz, SCS = 60 kHz, DFT-S-OFDM QPSK, 128RB0
· FR1: UL RMCs with DFT-S-OFDM QPSK and MPR = 0dB.
3. Conclusions
In this contribution we provided our views on the RMCs for UE RF requirements. In summary we make the following proposals:
Proposal #1:
Keep both 64QAM and 256QAM DL RMCs modulations for FR1 Maximum input level requirements. UE needs to pass the requirement for either 64QAM or 256QAM RMCs depending in its capabilities.

Proposal #2:
Reuse REFSENS QPSK 1/3 RMCs for FR2 Maximum input level requirements in Rel-15. Further confirm with RAN5 feasibility of maximum input level testing.
Proposal #3:
Inform RAN5 that the following RMCs shall be used for MOP testing

· FR2: UL RMCs with BW = 100 MHz, SCS = 60 kHz, DFT-S-OFDM QPSK
· FR1: UL RMCs with DFT-S-OFDM QPSK and MPR = 0dB.
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