[bookmark: _Toc5938268][bookmark: _Toc9865820][bookmark: _Toc21086244][bookmark: _Toc29768680]3GPP TSG-RAN4 Meeting # 109	R4-2319675
[bookmark: Title][bookmark: DocumentFor]Chicago, US, November 13 – 17, 2023

Source: 	Huawei, HiSilicon
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Title: 	On FR2 UL 256QAM for intra-band CA
Agenda Item:	8.6.2
Document for:	Approval
1 Introduction
The support of FR2 UL 256QAM was discussed in previous meetings, and latest WF was approved in [1].
In this contribution, we provide some discussions on the open issue for intra-band CA MPR.
2 Discussion
2.1 MPR requirements for intra-band CA
Issue 1-1-4: MRP requirements for intra-band CA
· Proposals
· Option 1: Intra-band CA MPRs for both, contig. and NC, and forPC1/2/5 in 256QAM operation are increased from their respective 64QAM values by 3 dB.
· Option2: Others.
In existing specification, the MPR for intra-band CA shows that the same MPR value for 64 QAM is defined for DFT-S-OFDM and CP-OFDM, contiguous CA and non-contiguous CA, at the same range of cumulative aggregated channel bandwidth, as shown below. It seems the value for contiguous CA >=800 MHz and < 1400 MHz is not in line with that of non-contiguous CA for QPSK and 16 QAM waveforms. 
Table 6.2A.2.2-1: Maximum power reduction (MPRWT_C_CA) for UE power class 1 in FR2-1
	Waveform Type
	Cumulative aggregated channel bandwidth

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.51
	7.7
	8.2
	≤ 8.7

	
	QPSK
	≤ 6.51
	8.7
	9.7
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 6.5
	8.7
	8.7
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	8.7
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	11.2
	≤ 11.7

	NOTE 1:	(Void)



Table 6.2A.2.2.2-1: MPRNC_CA for UE power class 1
	Waveform Type
	Cumulative aggregated channel bandwidth (CABW)

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	QPSK
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7



In last meeting, the MPR for single carrier is agreed and the draft CR was endorsed in [2]. We check back on the EVM budget. Table 2-1 shows the comparison on the EVM budget between FR1and FR2. The values for FR1 is from the agreed WF on FR1 MPR assumptions. For FR2 EVM contributors except PA non-linearity, the optimistic values are provided. The value for PA non-linearity is a calculated results to meet the overall 3.5% EVM limits. It can be found that the required PA non-linearity is so low that even higher requirements than that for FR1 PA. In our simulation [3], although a higher EVM contributor for PA non-linearity is assumed, for CP-OFDM 4.3 dB more than that of 64QAM is needed, which is higher than the defined value in [2].
Table 2-1 EVM budget for 256QAM
	FR1 WF R4-166954
	FR2

	EVM Contributor
	EVM(%)
	SNR(dB)
	EVM Contributor
	EVM(%)
	SNR(dB)

	Transmitter 
	1.19
	-38.5
	Transmitter 
	1.5
	-36.5

	Phase Noise
	1.78
	-35
	Phase Noise
	2.2
	-33.2

	IQ Imbalance
	2.06
	-33.7
	IQ Imbalance
	1.45
	-36.8

	PA Non-linearity
	1.85
	-34.7
	PA Non-linearity
	1.7
	-35.4

	Total
	3.5
	29.1
	Total
	3.5
	-29.1



Observation 1: It's challenging and critical to meet the requirements of the EVM and associated MPR requirements for UL 256QAM even for single carrier case.
[bookmark: _GoBack]For intra-band contiguous CA and non-contiguous CA, the cumulative aggregated channel bandwidth comes much wider than that of single-carrier. It is expected that the PA memory becomes more serious and has potential impact to the EVM performance. The wider channel bandwidth the worse in-band flatness. The link gain and group delay fluctuate would also affect the overall EVM. All these aspects would request higher MPR for the support of 256QAM for CA and need more study before making a decision of MPR value. On the other hand, wider channel bandwidth and lower output EIRP will make the support of the feature in a very limited coverage. This meeting is the last meeting of the Rel-18 WI. It is proposed not to define 256QAM requirements for intra-band contiguous CA and non-contiguous CA in Rel-18 WI.
Observation 2: More study and evaluation are needed to define 256QAM for intra-band contiguous CA and non-contiguous CA.
Proposal 1: It is proposed not to define 256QAM requirements for intra-band contiguous CA and non-contiguous CA in Rel-18 WI.
3 Conclusion
In this contribution, we provide considerations on the 256QAM requirements for intra-band contiguous CA and non-contiguous CA.
Observation 1: It's challenging and critical to meet the EVM requirements and associated MPR requirements for UL 256QAM even for single carrier case.
Observation 2: More study and evaluation are needed to define 256QAM for intra-band contiguous CA and non-contiguous CA.
Proposal 1: It is proposed not to define 256QAM requirements for intra-band contiguous CA and non-contiguous CA in Rel-18 WI.
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