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[bookmark: _Ref463014664]Introduction 
In previous contribution [1] it was observed that an IBE floor of is too weak to sustain a system that aspires to successfully utilize 64QAM. 
It was agreed to change Note 1 of IBE specification as:
For each such RB, the minimum requirement is calculated as the higher of (PRB - 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
This tightening of the IBE floor bears clear improvements in terms of network performance, allowing a successful use of higher order modulation schemes. 
During MPR analysis, we observed that a UE PA’s output was IBE limited for many waveform types, rather than EVM limited, i.e. a PA would be able to transmit more power if the IBE mask were looser. In this contribution we investigate if further optimization of the IBE mask is possible, with a goal of improving system throughput. We present results for the impact of IBE EVM-term relaxation on network throughput performance. The metric we consider is the UL average throughput for different values of IBE EVM-term relaxation compared to the throughput performance with current IBE specification. Our results show that UEs that use MPR will get an overall advantage with IBE relaxation in terms of average throughput because of the increased transmitted power. There is also a positive impact on the network coverage for the different modulation schemes.
Discussion
In this paper we focus on the scenario presented in [1] of a congested urban environment where more than 1 UE may be served by the same millimetre-wave (mmW) gNB beam, as pictorially represented in Figure 1.
[image: ]
[bookmark: _Ref521327593]Figure 1. Pictorial representation of co-beamed UEs

In this example, UE2 and UE3 are scheduled to be served by the same gNB beam (co-beamed UEs) due to the high density of users in the coverage area of the serving base station. At the same time, to avoid excessive interference at the receiving gNB (for UL transmission), the co-beamed UEs are assumed to be scheduled in an FDM fashion.
However, in a real-world implementation, this is not enough to guarantee perfect isolation of the co-beamed UEs because of products generated by the PAs odd order non-linearities that leak in the contiguous frequency bands. In [2] the amount of such leakage is regulated by the specification on in-band emission (IBE) mask, defined as follows for each non-allocated resource block (RB):
[image: ]
where:
· EVM is the error vector magnitude
·  is the RB offset from the edge of the allocated UL transmission bandwidth
·  is the transmission bandwidth configuration
·  is the transmission bandwidth
·  is the transmitted power per allocated RB in dBm
This mask is limited by an IBE floor defined in Note 1 of the specification and reported in Sec. 1. 
In the following we consider an urban scenario to evaluate the impact of IBE EVM-term relaxation on UL throughput performance.
[bookmark: _Ref498606406]Analysis assumptions 
The analysis we present here has the purpose of evaluating the IBE impact on UL throughput performance in case UEs share the same gNB beam and are scheduled in contiguous frequency resource blocks. We considered a congested urban scenario in which the probability of having co-beamed UEs is higher due to the high density of users. This scenario is characterized by a coupling-loss (CL) distribution (CDF) shown in Figure 2 and produced with the following assumptions [3]:
· Urban Macro with hexagonal gNB deployment
· ISD = 200m
· BS antenna height = 25m
· UE to BS minimum distance = 25m
· UMa Pathloss Model for mmW from [3]
· BS antenna array = 16x8 || BS element antenna gain = 8dBi
· UE antenna array = 2x2 || UE element antenna gain = 5dBi
· UE indoor ratio = 0%
[image: ]
[bookmark: _Ref521420744]Figure 2. Coupling Loss CDF for Urban scenario

Further assumptions are summarized in the following:
· Transmission bandwidth configuration:  with 120kHz subcarrier spacing
· Corresponds to 400MHz transmission bandwidth configuration in [2]
· Number of co-beamed UEs: 2 UEs
· Transmission bandwidth for each UE: 
· UE maximum transmitted power (TRP): 11.5dBm
· BS noise figure: 10dB
· Modulation and coding scheme (MCS) used to assess SINR switch points among different modulation schemes is taken from [4] and shown in Figure 3
· The envelope of the curves can be approximated by a truncated and attenuated Shannon capacity curve
· 
· UE power control target SINR: 17dB 
· Corresponds to maximum SINR for the example MCS set in Figure 3

[image: cid:image003.png@01D42BDE.255AAAA0]
[bookmark: _Ref521427567]Figure 3. Example of modulation and coding scheme from [4]
Analysis methodology
In this section we explain the methodology followed to assess IBE relaxation impact on UL throughput performance.
Let us consider two co-beamed UEs, like UE2 and UE3 in Figure 1. They are assumed to be served by the same gNB beam, i.e. they are close to each other, so it is reasonable to assume that the two UEs will have similar channel conditions (e.g. coupling loss, transmitted power, modulation scheme). Further, we assume that each UE is assigned an UL bandwidth of 200MHz that corresponds to 132 allocated RBs and the two frequency bands are contiguous. This way we analyse a worst-case scenario in terms of frequency allocation of the co-beamed UEs. 
Moreover, the modulation scheme is assigned based on SINR estimate at the gNB. Finally, the computed SINR is used for throughput calculation according to the attenuated Shannon bound. 
Since the scope of the analysis is to quantify the change in network performance with IBE relaxation, it is important to notice that any IBE relaxation is accompanied by an increase in transmitted power. This means that, if we assume the UEs use Maximum Power Reduction (MPR) to reduce interference, this term will be reduced by a quantity proportional to the IBE relaxation value. As an advantage, cell-edge UEs will have higher spendable power and the coverage for the single modulation schemes will increase.
Observation: IBE relaxation allows increased transmitted power by allowing a UE to not utilize all available MPR. Coverage radius for the different modulation schemes will commensurately increase.
[bookmark: _Ref506813320]Analysis results 
[bookmark: _GoBack]Figure 4 and Table 1 show results in terms of average throughput gain when the EVM-term of the IBE mask is relaxed from 1 to 7dB. Notice that the average throughput increases until 3dB relaxation and after this point of maximum it starts dropping. This happens because the benefit we get with IBE relaxation in terms of higher transmitted power is larger than the loss due to higher IBE interference until 3dB EVM-term relaxation. After that point, the joint effect of maximum power limitation and IBE interference results in actual throughput loss. We conclude that the EVM-term of IBE should be relaxed by 3dB to optimize throughput performance. An additional advantage that results from a relaxation of the IBE EVM-term is that a higher transmit power will lead to an increase in the modulation coverage radius.
Proposal: IBE EVM-term as defined in [2] shall be relaxed by 3dB to optimize throughput performance. The requirement shall read:



[bookmark: _Ref521514866][image: ]
[bookmark: _Ref521661558]Figure 4. Average throughput gain for different values of IBE EVM-term relaxation

Table 1. Average throughput gain results
	IBE EVM-term
relaxation
	Average throughput gain

	1dB
	1.17%

	2dB
	1.98%

	3dB
	2.34%

	4dB
	1.8%

	5dB
	1.01%

	6dB
	- 0.9%

	7dB
	- 3.2%



Conclusions
In this contribution we studied the impact of IBE EVM-term relaxation on UL throughput performance for UEs operating in FR2. We considered a congested urban scenario where two UEs share the same gNB beam and we wished to understand if any further optimization of the IBE mask was possible, in terms of system UL throughput.
The following conditions were considered to try and evaluate a pessimistic scenario:
· UEs share the same gNB beam for 100% of the cases – all the advantages in terms of beamforming interference isolation not considered
· UEs are allocated contiguous frequency resources – worst case scenario for the IBE EVM-term interference perspective
· No additional co-channel interference considered for the interfered UE – noise floor would increase, and the relative effect of co-beamed UE IBE interference would be even smaller
Despite the listed pessimistic assumptions, we were still able to draw favorable conclusions for further improvement of the IBE mask. We observed an average throughput gain until 5dB IBE EVM-term relaxation together with an increase of the modulation coverage radius.
Based on this, we make the following proposal:
Proposal: IBE EVM-term as defined in [2] shall be relaxed by 3dB to optimize throughput performance. The requirement shall read:
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