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1  Introduction 
A new work item for Rel-18 was agreed during RAN#96 [1] focusing on RF enhancements for FR2. One of the enhancement topics is the introduction of UL 256QAM. The focus lies on PC1, PC2 and PC5 with PC3 being second priority. In the following phase noise is discussed for 256QAM and proposals are made for UE/handheld EVM budget.
2  Discussion
During the discussion on MPR for PC3 64QAM it became apparent that the 8% EVM is difficult to achieve due to the substantially higher phase noise in FR2 compared to FR1. Phase noise contribution between 24dBc (6.3%) and 26dBc (5.0%) were discussed in [2]. With an EVM budget of 8% the remaining EVM contribution of PA, transmitter, LO leakage and IQ Image are required to perform better than 24.1dB (6.25%) and 26.1dB (4.93%). To fit the remaining contributors into the budget it was necessary to improve LO leakage and IQ image and its levels were set to 28dBc [3]. At this point it should be emphasized that such improvements for LO and Image were not necessary for 64QAM in FR1.
Observation 1: Due to the high phase noise in FR2 it has been necessary to improve LO leakage and IQ image assumption for 64QAM to fit all EVM sources into the 8% EVM budget.
For the discussion on 256QAM it is assumed that the previous approach of reusing FR1 EVM budget is followed. Applying the same phase noise contribution as discussed in [2] a PC3 UE would not be able meet the 29.1dB (3.5%) EVM budget for 256QAM even if the phase noise would be the only EVM source. While ample improvements on phase noise, PA, transmitter, LO leakage and IQ Image need to be made the lion’s share on EVM improvement is required on the phase noise side. 
For 256QAM analysis in FR1, the approach was to improve IQ Image as it is the main limiting factor. Furthermore, PA linearity was considerably improved from 64QAM to 256QAM. The contributions [4] and [5] provide two different but similar examples for a FR1 EVM breakdown which are provided below for convenience:
Table 1: FR1 EVM budget for 256QAM
	FR1 256QAM
EVM source
	[4] 
	[5]

	
	%
	C/N (dBc)
	%
	C/N (dBc)

	PA
	1.85%
	34.7
	1.50%
	36.5

	Transmitter
	1.19%
	38.5
	1.34%
	37.4

	Phase noise
	1.78%
	35.0
	1.78%
	35.0

	I/Q Image
	2.06%
	33.7
	2.24%
	33.0

	Total
	3.50%
	29.1
	3.50%
	29.1



Both EVM breakdowns improve IQ image from the general assumption of 28dBc and set these to 33dB (2.2%) and 33.7dB (2.1%). It is reasonable to consider that the IQ image can reach similar performance in FR2 and therefore it is set to 34dBc. In general, the PA maximum output power capability degrades with higher frequencies as described by the Johnson limit and is mostly the result of downsizing PA dies to enable higher frequencies which in turn decreases breakdown voltage. The decreased output power capability negatively impacts PA linearity. Internal analysis showed that a reasonable PA budget would be around 34.2dB. Heterodyne mmW transceiver architecture is commonly preferred choice due to the lower phase noise generation. The downside is an increased total transmitter distortion from different contributors such as thermal noise and other contributors leading to higher EVM impact relative to FR1. An EVM budget of 37.3dB is considered for the transmitter. With the EVM contributors defined the required phase noise performance can be calculated with respect to the 3.5% EVM budget which results to 35.8dB. In contrast, the two FR1 budget examples both consider a phase noise of 35dB (1.78%). This means that the FR2 phase noise would need to feature 0.8dB improved performance compared to FR1 even though FR2 is typically expected to perform worse. Even if slightly enhanced performance would be assumed for the individual components to obtain at least 35.0dB for phase noise it would still imply 9 to 11dB improvement compared to mmW 64QAM performance. This would not only require a major enhancement on VCO and PLL architecture but would even come close to mmW BS Tx performance which is in the range of 35.9dB for 256QAM (value is taken from an example provided in TR38.883). It needs to be considered that BS performance is typically superior to UE performance. Additional it should be mentioned that the phase noise performance needs to be met for the entire FR2-1 range. According to Leeson’s equation the phase noise can change up to 6.7dB from lower edge to upper edge of FR2-1 range. 
Observation 2: Major performance improvements for phase noise, PA, transmitter, LO leakage and IQ Image is necessary to comply with 265QAM EVM budget of 3.5%.
Observation 3: FR2 phase noise performance would need to be close to FR1 EVM phase noise which is hard to achieve as performance generally degrades with increasing frequency, especially for mmW. Additionally, according to Leeson’s equation the phase noise can change up to 6.7dB from lower end to upper end of FR2-1 range.
Considering all of the discussed issues, it becomes evident that it is quite challenging to fit the EVM contributors into the 3.5% EVM budget if a UE/handheld is considered. Alone the major improvement necessary for the phase noise poses a strong engineering challenge. Therefore, we propose to consider a slight relaxation for the UE/handheld EVM budget. As the EVM budget for 256QAM is quite tight even a small relaxation could greatly help the implementation challenges on the UE side. On the BS side it would mean that the BS needs to meet slightly tighter requirements as the shared EVM of 5% would stay the same. BS generally have better phase noise performance and we would like to propose a discussion whether BS can meet 3% EVM budget.
It is proposed to consider an EVM budget relaxation for handheld devices (power class 3) of 1dB so that the UE/handheld obtains an EVM allowance of 28.1dB (4%) and the BS has an EVM budget of 30.5dB (3%).
The asymmetric EVM budget is not considered for FWA/CPE devices at this point but for handheld only. This slight adjustment to the individual budget for UE and BS would considerably help the general implementation challenges on UE side. Considering the discussed EVM breakdown and using the entire relaxation for the phase noise the implementation challenge would be relaxed by roughly 4dB. 
Proposal 1: Due to the considerable challenges with phase noise and the other EVM contributors it is proposed to consider asymmetric EVM split for UE/handheld (power class 3) and BS. With relaxing UE budget by 1dB the EVM allowance would be 28.1dB (4%) and the BS has an EVM budget of -30.5dB (3%). For FWA/CPE devices the equal split approach can be kept. BS generally have better phase noise performance and we would like to propose a discussion whether BS can meet 3% EVM budget.
When 64QAM was introduced to FR2 the benefits of PTRS on phase noise contribution were discussed. The use of PTRS can reduce the perceived phase noise at the test equipment and therefore provide a relaxation to the overall tight EVM. This approach would follow a recent agreement which has been made for 60GHz (FR2-2). It was agreed to configure PTRS for 16QAM and 64QAM EVM testing. Following this example, it is proposed to configure PTRS for 256QAM EVM testing. 
Proposal 2: Consider configuring PTRS for 256QAM EVM testing.
3  Conclusions
This contribution focuses on phase noise and EVM budget for 256QAM and makes the following observations and proposals:
Observation 1: Due to the high phase noise in FR2 it has been necessary to improve LO leakage and IQ image assumption for 64QAM to fit all EVM sources into the 8% EVM budget.
Observation 2: Major performance improvements for phase noise, PA, transmitter, LO leakage and IQ Image is necessary to comply with 265QAM EVM budget of 3.5%.
Observation 3: FR2 phase noise performance would need to be close to FR1 EVM phase noise which is hard to achieve as performance generally degrades with increasing frequency, especially for mmW. Additionally, according to Leeson’s equation the phase noise can change up to 6.7dB from lower end to upper end of FR2-1 range.
Proposal 1: Due to the considerable challenges with phase noise and the other EVM contributors it is proposed to consider asymmetric EVM split for UE/handheld (power class 3) and BS. With relaxing UE budget by 1dB the EVM allowance would be 28.1dB (4%) and the BS has an EVM budget of -30.5dB (3%). For FWA/CPE devices the equal split approach can be kept. BS generally have better phase noise performance and we would like to propose a discussion whether BS can meet 3% EVM budget.
Proposal 2: Consider configuring PTRS for 256QAM EVM testing.
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