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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
In this contribution UE RF related aspects are discussed.
Discussion
Achievable power
Practically achievable maximum transmit power for NR on 52.6-71 GHz depends on the number of practical implementation imperfections while also ensuring that number of different requirements like  spectrum emission mask (SEM), occupied bandwidth (OBW), modulation quality measured in terms of EVM (Error Vector Magnitude) and in-band emissions (IBE) are met. We have done MPR (Maximum Power Reduction) simulations for a Power class 3 UE (max. 23 dBm transmission power) using practical PA model to analyse how much the maximum UE Tx power may need to be reduced for meeting these requirements and which of the requirement is the limiting factor for the achievable UE Tx power.
The PA model is calibrated using FR2 assumptions (BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23, MPR = 0 dB) described in [3]. Regarding TX impairments both image suppression and carrier suppression are assumed to be –25 dB together with –60 dB CIM3. No phase noise is applied in UE Tx power simulations, i.e. EVM and IBE are met without consideration of phase noise.
As NR on 52.6 – 71 GHz may operate either on unlicensed and licensed bands, the simulations are conducted for both using the unlicensed and licensed band spectrum emission masks. For the unlicensed band simulations the out of band emission mask requirements in [5] are used. For the licensed band simulations we have utilized the FR2 SEM and ACLR requirements in TS38.101-2. In all the simulations the FR2 UE in-band emission, OBW and EVM requirements in TS38.101-2 are used. Also, we have used similar IQ-Image and LO leakage impairments as currently allowed for FR2 UEs in TS38.101-2. 
In Figure 1, spectrum emission masks for the unlicensed and licensed band (based on FR2) are compared. With red solid line, spectrum emission mask for licensed operation is shown. In addition, the black lines illustrate the spectrum emission masks for unlicensed operation, according to [5], in two different scenarios. The solid lines (blue for the TX output spectrum and black for the mask) show one RB edge scenario and the dashed lines (again blue for the TX output spectrum and black for the mask) show the full allocation scenario in the channel. Based on this comparison, it can be seen that the unlicensed spectrum can be either more or less limiting than the licensed operation spectrum emission mask, depending on the power spectral density of the transmitted allocation.
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[bookmark: _Ref40103013]Figure 1. Comparison of spectrum emission requirements for the unlicensed band [4] and licensed band using FR2 assumptions.
In the simulations we have analysed what is limiting factor for the achievable transmit power; SEM, EVM, IBE, OBW or spurious emissions i.e. which one of the requirements defines how much MPR (Maximum Power Reduction) is needed. The actual needed MPR values are also evaluated for each simulation case. In our simulations the results for the unlicensed and licensed band are very similar both for the required MPR and what is the limiting (gating) factor for the MPR performances. Furthermore, little difference is seen between narrowband (400 MHz) and wideband (2160 MHz) scenarios. As an example, in Figure 2 of similar performance we have presented the MPR simulation results for the unlicensed and licensed band operations using the CP-OFDM and DFT-s-OFDM waveforms with 64QAM modulation and 400 MHz bandwidth and 120 kHz SCS. In Figure 7, similar results are shown for 2160 MHz bandwidth and 960 kHz SCS, considering licensed band operation. In the figures LCRB indicates the allocation width in the number of resources blocks and the RBstart indicates the lowest RB index of transmitted resource blocks.
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[bookmark: _Ref40104880]Figure 2: MPR performance comparison for the unlicensed and licensed band for CP-OFDM and DFT-s-OFDM waveforms with 64QAM modulation and 400 MHz BW and 120 kHz SCS
Next, in Figures 3 and 4, we present examples for the simulation results evaluating which requirement is the limiting factor for QPSK, 16QAM and 64QAM using 400 MHz and 2160 MHz bandwidths and 120 kHz and 960 kHz subcarrier spacings, as in the MPR simulations above. Also other bandwidths and SCSs were simulated and similar tendencies for the limiting requirement were observed.  Both CP-OFDM and DFT-s-OFDM are evaluated using the licensed band SEM limits. From these results we can see that for CP-OFDM EVM is the limiting factor for MPR performance in most cases. For DFT-s-OFDM in-band emission and occupied bandwidth is limiting the maximum output power with lower order modulations like QPSK but with higher order modulations also for DFT-s-OFDM EVM is mostly limiting the achievable maximum transmit power. In some cases, also in-band emission limits are limiting the performance.
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Figure 3: MPR performance for the licensed band CP-OFDM and DFT-s-OFDM waveforms with 64QAM modulation and 2160 MHz BW and 960 kHz SCS
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Figure 4: Evaluations of limiting factors for the achievable maximum transmit power with different modulations with 400 MHz and 120 kHz SCS
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Figure 4: Evaluations of limiting factors for the achievable maximum transmit power with different modulations with 2160 MHz and 960 kHz SCS
Observation 1: Based on our MPR (Maximum power reduction) simulations modulation quality (EVM) is often the limiting for the achievable maximum transmit for NR from 52.6 GHz to 71 GHz 
As discussed in the earlier sections, phase noise is limiting link performance especially with higher order modulations. These MPR simulation results show that the achievable maximum transmit power is often limited by the EVM performance especially with the higher order modulations. Also, phase noise is a significant contributor to EVM. In order to avoid further coverage reductions due to poor phase noise performance and large MPR for meeting the EVM requirements, it would be important to design NR from 52.6 GHz to 71 GHz so that phase noise degradations in link performance can be minimized.
[bookmark: _Hlk54351566]Achievable UE output power was also evaluated for different array sizes. The results have been captured to table 1.
Table 1: Achievable UE output power for different array sizes
	Parameter
	Unit
	Value

	# ant elements per polarization
	
	2
	4
	8
	16

	Avg. element gain (per polarization)
	dBi
	4
	4
	4
	4

	Antenna roll-off loss vs frequency
	dB
	-1
	-1
	-1
	-1

	Antenna efficiency
	dB
	-2
	-2
	-2
	-2

	Realized antenna array gain per polarization
	dBi
	4.0
	7.0
	10.0
	13.0

	Polarization gain
	dB
	2.8
	2.8
	2.8
	2.8

	P1dB per PA
	dBm
	14
	14
	14
	14

	back-off from P1dB
	dB
	6
	6
	6
	6

	TRP
	dBm (rms)
	11.0
	14.0
	17.0
	20.1

	EIRP
	dBm (rms)
	14.8
	20.9
	26.9
	32.9



From table one it can be observed that as long as implementation losses are kept in control it is possible to achieve reasonable output powers. It should be noted that P1dB used in the table may be conservative compared to P1dB achievable from e.g. CMOS technology. Therefore, it can be considered that front-end losses are captured in the analysis already by choosing a low output power per PA.
Observation 2: Implementation losses need special attention to guarantee high EIRP output and therefore good UL link budget. 
Proposal 1: RAN4 strives to keep UE implementation loss budget reasonably small for NR operation above 52.6 GHz to ensure good UL link budget.
Uplink allocations
It is well known that the propagation losses above 52.6 GHz are greater than at current FR2 operating bands. Therefore, as discussed in section 2.1, it is important to make sure MPR is as small as possible to ensure sufficient UL link budget. One case where MPR is traditionally observed to be high is multi-clustered allocations. As illustrated in Figure 1, narrow allocations cause narrow spectral peaks which easily end up limiting the output power due to emission limits. This impact is emphasized when the UL allocation consists of multiple narrow PRB groups, i.e. multiple 
clusters. Even without emission concerns, the single carrier nature of DFT-s-OFDM waveform is corrupted by breaking the allocation into non-contiguous frequencies, increasing the PAPR of the signal. 

To maximize the link budget we think it is reasonable for RAN4 to consider whether multi-cluster allocations provide benefits above 52.6 GHz. It is expected that there is a lot of spectrum available, and therefore it should be possible to allocate the UL resources on frequencies which do not suffer from adverse propagation conditions even without splitting the allocation into multiple cluster.

Observation 3: Multi-cluster allocations increase the PAPR of the signal, and in some cases causes narrow spectral peaks which easily clash with emission limits, resulting in need of higher MPR.

Proposal 2: Requirements for multi-cluster UL allocations are not specified for NR operation above 52.6 GHz.

One exception on multi-cluster allocations is almost contiguous allocations. They do not have significantly higher MPR than contiguous allocations and therefore can be considered for NR operation above 52.6 GHz.

Proposal 3: Almost contiguous allocations shall be specified for above 52.6 GHz operation as the MPR impact is smaller than for multi-cluster allocations.
Other considerations
Timing related topics for operating at wider SCS has been discussed in [6]. In addition, the ON-OFF transient times should be re-evaluated for operation above 52.6 GHz. Especially for wider subcarrier spacings, the transient time starts to eat into the first symbol when transmission is ramped up, causing a risk a degrading base station demodulation performance, therefore impacting throughput and in the end the end user experience. Similar proposal is made for base station ON-OFF transients in [7].
Proposal 4: Evaluate and update On-Off transient times for NR operation above 52.6 GHz.
When core requirements are being specified RAN4 should consider what are reasonable measurement bandwidths to be used, especially considering that with wider subcarrier spacings a single resource block also gets wider in frequency. Therefore, using the traditional 1 MHz measurement bandwidth everywhere may not be optimal. Naturally, whenever regulatory requirements mandate a certain measurement bandwidth, it needs to be followed. For actual measurements it should be allowed to measure using lower resolution bandwidth and integrate the power up to the specified measurement bandwidth. 
Proposal 5: RAN4 to evaluate what are reasonable measurement bandwidths to be used above 52.6 GHz.
One major part of the work in defining requirements for a new frequency range is to run co-existence simulations to find out what is the required ACLR and ACS performance required to guarantee co-existence between operators in the network. Co-existence study for 45 GHz and 70 GHz frequency range was already done as part of NR study item, and the parameters used in the study reflect the device characteristics sufficiently well. Therefore, we propose that no new co-existence simulation study is done, but instead the applicable ACLR and ACS performance for UEs is extracted from co-existence study results documented in TR 38.803.
Observation 4: Co-existence study for this frequency range has already been documented in TR 38.803
Proposal 6: Extract the ACLR and ACS requirements from TR 38.803

Conclusion 
In this contribution UE RF aspects for NR operation above 52.6 GHz were discussed and following observations and proposal were made.
Observation 1: Based on our MPR (Maximum power reduction) simulations modulation quality (EVM) is often the limiting for the achievable maximum transmit for NR from 52.6 GHz to 71 GHz 
Observation 2: Implementation losses need special attention to guarantee high EIRP output and therefore good UL link budget. 
Observation 3: Multi-cluster allocations increase the PAPR of the signal, and in some cases causes narrow spectral peaks which easily clash with emission limits, resulting in need of higher MPR.
Observation 4: Co-existence study for this frequency range has already been documented in TR 38.803
Proposal 1: RAN4 strives to keep UE implementation loss budget reasonably small for NR operation above 52.6 GHz to ensure good UL link budget.
Proposal 2: RAN4 to consider whether multi-cluster UL allocations are useful for above 52.6 GHz frequency range or whether contiguous allocations are sufficient.
Proposal 3: Almost contiguous allocations shall be specified for above 52.6 GHz operation as the MPR impact is smaller than for multi-cluster allocations.
Proposal 4: Evaluate and update On-Off transient times for NR operation above 52.6 GHz.
Proposal 5: RAN4 to evaluate what are reasonable measurement bandwidths to be used above 52.6 GHz.
Proposal 6: Extract the ACLR and ACS requirements from TR 38.803
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