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1 Background
At the 3GPP RAN #97-e meeting, the Work Item on “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” was revised for Rel-18 [1]. The objectives of the core part of the Work Item include:
UL 256QAM
· Investigate and enable UL 256QAM for FR2-1 [RAN4]
· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 



In RAN4 #104-e UL 256-QAM was discussed [2], and a way forward was approved [3]. The WF specifies simulation assumptions covering the 29, 39, and 48GHz bands (replicated in Table 1). 

	Parameter
	Value 

	Carrier frequency
	29 GHz (n257), 39 GHz (n260) and 48GHz (n262)

	CBW
	50 MHz, 100MHz

	SCS
	120 kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency
TDL-D 30ns delay spread, 35Hz Doppler frequency
Static (AWGN)

	MCS
	64QAM: 
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
DFT-s-OFDM: MCS 22, 23 in TS 38.214 Table 6.1.4.1-1, other MCSs are not precluded.
256QAM: 
CP-OFDM/DFT-s-OFDM: MCS 21, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type 
	CP-OFDM; DFT-s-OFDM

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2 (using the diagonal matrix)

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH configuration
	Type A mapping, Start symbol 0, Duration 14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	CP-OFDM: KPTRS: 2 (every 2 RBs), LPTRS: 1 (every 1 symbol)


DFT-s-OFDM: (,)=(4, 4), LPTRS: 1 (every 1 symbol)

	Phase noise compensation
	Practical based on PTRS

	Phase noise model
	TR 38.803 model (in section 6.1.10 and section 6.1.11)
modeled Phase noise for TX and RX
Option a): example1 (UE)  + example1(BS)
Option b): example2 (UE) + example2(BS)
Option d): example1 (UE) + example2(BS)

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: 3%, 3.5%, 4%, rxEVM: 3%, 3.5%, 4%
Option 1: txEVM >= rxEVM; 

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2.


[bookmark: _Ref115247068]Table 1. Simulation assumptions according to [3].

Regarding the power classes, it was agreed to keep the priorities specified in the WI.

In this Tdoc, we discuss the performance gain of UL 256QAM under the impact of phase noise and its feasibility in FR2-1. 
2 Simulation
[bookmark: _Ref110949285]We performed simulations and compared the throughput between 64QAM and 256QAM for three different transmit and receive EVM values (3%, 3.5%, and 4%). TX EVM has been the same as RX EVM in each simulation. The simulations are done according to the agreed simulation assumptions [3]. Only Rank-1, and AWGN for 29 GHz, respectively 48 GHz, are simulated so far. 100MHz channel BW and no HARQ have been used. Phase noise is added according to option 2 in the simulation assumptions, i.e., example2, at both the UE and BS.
29 GHz
We performed simulations to address whether 256-QAM works in FR2-1 and to demonstrate its performance gain. The result is shown in Figure 1.
[image: ]
[bookmark: _Ref115364573]Figure 1 Throughput comparing 64QAM and 256QAM with AWGN for 29GHz, EVM 3%, 3.5% and 4%.
Figure 1 shows that throughput for 64QAM (red curve) has already saturated at an SNR level of 16dB. For 256QAM, SNR levels of 22 dB (EVM=3%), 23 dB (3.5%) and 24 dB (EVM=4%) are required to exceed the throughput performance of 64QAM. The simulations have been carried out with a simple receiver, and further studies of advanced receivers are needed to determine whether the above results could be improved.
[bookmark: _Ref115366368]Observation 1	For 256QAM to exceed throuput performance of 64QAM SNR levels of 22 dB (EVM=3%) to 24 dB (EVM=4%) are required.
48 GHz
[bookmark: _Hlk115432443]From our initial simulations result, it was not easy to see any advantages with 256QAM over 64QAM. This is probably due to the higher phase noise generated for 48GHz. However, we think it is too early to rule out 256QAM for 48GHz before more studies are conducted.

Finally, we can conclude that 256QAM is promising but more studies are needed. For good performance (i.e., improvements over 64QAM), the EVM and phase noise must be kept low. Therefore, 256QAM is better suited for PC1, PC2, and PC5, which are applicable to devices with higher-performing RF components. Those devices usually operate on a power supply rather than a battery. In particular the power amplifier (PA), is a significant contributer to the phase noise, and a power supply operated PA could be biased in a way less contributing to the phase noise. We should also note that a relatively high SNR is needed for 256QAM to be superior to 64QAM. This could be achieved for  PC1, PC2, and PC5, where higher EIRP is assumed. Therefore, the priority in the WI (PC1, PC2, and PC5 over PC3) should be kept. However, to keep the SNR at a reasonably level and still have a possible EVM target we think an EVM level of 3.5% is feasible and reasonable.

[bookmark: _Ref115432410]Observation 2	256QAM is promising for PC1, PC2, and PC5, where higher EIRP is assumed.
[bookmark: _Ref115454793]Proposal 1	The target EVM shall be 3.5%.
3 Conclusion
In this contribution, we have derived the spectral efficiency performance of 256QAM for FR2-1. It is seen that there are clear benefits of introducing 256QAM for FR2-1 in the high SNR range, and 256QAM is, therefore, well suited for PC1, PC2, and PC5, where higher EIRP is assumed. The following observations and proposal have been made:
Observation 1	For 256QAM to exceed throuput performance of 64QAM SNR levels of 22 dB (EVM=3%) to 24 dB (EVM=4%) are required.Error! Reference source not found.
Observation 2	256QAM is promising for PC1, PC2, and PC5, where higher EIRP is assumed.
Proposal 1	The target EVM shall be 3.5%.
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