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1. Introduction
A previous contribution [1] analyzed the equations and expressions governing UE IBE mask. It identified several terms that may need revision for NR.
In this contribution we address some of those ‘missing pieces’ in an attempt to precipitate a final specification for FR2 IBE. We also point out the need for a change in the notes section associated with the IBE spec., to reverse earlier over-relaxation of the ultimate IBE mask limit [4].
2. Discussion

 [1] focused on the general requirement for IBE for FR2, which, prior to the agreements in the paper, stood as:
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The referenced paper also carried forward a prior agreement in the notes section which limited how stringent the IBE mask could become.

NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (PRB - 17 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10. 
The following proposals were agreed to, regarding general requirements:


[image: image2]
The effective agreement in [1] can be summarized by a revised general requirement, accompanied by notes. For the sake of this contribution only note 1 is of interest, and is included below:
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NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (PRB – 17/16 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10. 
The Problem with Note 1 (of FR2 IBE spec)
The IBE requirement (Note 1) states that the IBE mask shall be no more stringent than 17dB. We believe this requirement is too weak to sustain a system that aspires to successfully utilize 64QAM. 

We expand on this claim in subsections below.

System EVM Requirement

The first perspective is to identify EVM requirements in the system. TS38.101-2 lists UE EVM targets for various modulation types:

	Parameter
	Unit
	Average EVM Level (%)
	Reference Signal EVM Level (%)

	Pi/2 BPSK 
	%
	30
	30

	Pi/2 BPSK with pulse shaping
	%
	30
	30

	QPSK 
	%
	[17.5]
	[17.5]

	16 QAM 
	%
	[12.5]
	[12.5]

	64 QAM 
	%
	8
	8


Table 2.1.1.a
This table can be simplified and re-cast in dB:

	Parameter
	Unit
	Average EVM Level

	Pi/2 BPSK 
	dB
	-10.5

	QPSK 
	dB
	[-15.1]

	16 QAM 
	dB
	[-18.1]

	64 QAM 
	dB
	-21.9


Table 2.1.1.b

Observation 1: Operation in 64QAM requires an EVM of -21.9dB.
Note that the requirement is (peoposed) relaxed for lower range of EIRP [3]:

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -13

	UE output power for UL 16QAM
	dBm
	( [-10]

	UE output power for UL 64QAM
	dBm
	( [-6]

	Operating conditions
	
	Normal conditions


Table 2.1.1.c

Urban Deployment Scenario

The second perspective is to analyze a typical usage scenario. While TS38.803 does not explicitly treat a Manhattan grid, RAN4 acknowledges in its network simulation assumption boundary conditions [2] that outdoor BS mainly serve outdoor UEs. It is easy to visualize an urban environment like the one shown in Figure 2.1.2.a. The picture shows a busy cross street with street-side base stations, a deployment scenario found commonly in LTE today. (UEs are stars in this hypothetical scenario). 
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Figure 2.1.2.a: Distribution of UEs relative to BS in a Crowded Environment

This scenario can be simplified considerably for this paper, shown in figure 2.1.2.b. The key characteristic is that multiple UEs can be served by the same base station beam in congested urban environments. These co-beam UEs may be close to, or farther away from the BS.
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Figure 2.1.2.b: Simplified Scenario Showing Multiple UEs on Same BS Beam

In this simplified depiction, note that UE3 is randomly closer to the BS than UE2, while on the same beam. It is conceivable that UE3 is granted 64QAM for UL transmission because its PA can operate in a backed-off condition, while meeting signal power requirements at the BS. 

BS Perspective

The final perspective for our exercise to investigate validity of Note 1 is that of the BS. When co-beamed UE2 and UE3 are frequency multiplexed, the UL signals may appear at BS antenna looking like the channel picture shown in figure 2.1.3. The IMD pedestal underpinning UE2’s UL transmission is higher (17dB down), commensurate with its QPSK nature. In contrast, the IMD pedestal underpinning UE3’s UL transmission is lower (22dB down) in keeping with its 64QAM type, in our example.
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Figure 2.1.3: BS Perspective in Direction Serving UE2 and UE3

The IBE mask limit imposed on UE2’s uplink transmission is shown in relation to UE3’s uplink transmission. One can see that EVM of UE3’s received signal could be limited by in-channel, out-of-allocation IBE-compliant emissions from UE2. The root of the problem is Note 1, which allows this emission to be as high as 17dB down from PRB (16dB in some bands). This situation will allow UE2 to jam co-beamed UE3. As a result, UE3 would struggle to maintain an UL even in QPSK, (with its EVM requirement of -15.1dB). i.e Note 1 in the IBE spec could limit all UEs sharing a beam to BPSK in UL mode.
Observation 2: The received EVM of each of multiple UEs on the same BS beam could be limited to value in note 1 of IBE spec, typically -17dB

Observation 3: Co-beamed UEs will be limited to operation in BPSK, if ultimate IBE mask limit is PRB-17dB
This 17dB number originated from a notion that it was related to ACLR limit. Observation 3 suggests that linking the ultimate IBE mask limit of note 1 to the ACLR specification is incorrect. Doing so renders the system to BPSK-only for UL of co-beamed UEs. 
Observation 4: Linking the ultimate IBE mask limit of note 1 to the ACLR specification of that band is incorrect.

Here, we believe the ultimate IBE mask limit of note 1 should be restored to some margin (3dB?) beyond EVM requirement for the most complex modulation type, 64QAM currently. This margin will cover for various other contributors like imperfect UE Tx calibration, contribution from multiple co-banded UEs etc. 
Proposal 1: Note 1 of the IBE specification should read: 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.
Other Open Items in FR2 IBE spec.
On Proposal 1 of [1]

The general requirements expression updated for agreements in [1], is reproduced below: 
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In discussion leading up to publication of [1] it was suggested that perhaps the -25 term had roots in VoIP. We believe instead that this specification arose out of a ‘desired Tx SNR’ for fully allocated waveforms. This SNR captures the noise level underlying the IMD pedestal. This type of Tx noise would limit Tx signal quality (EVM) under sufficiently backed-off conditions, even when IMD is no longer a factor. Further support for this hypothesis comes from the accompanying term that makes the spec tougher as the PSD of the allocated RBs is expected to increase when allocated is reduced from full allocation.
We hence believe the first term of the requirement is appropriate in being slightly (3dB) stricter than EVM requirement for 64QAM (EVMmax = -21.9dB). 

Proposal 2: The first term of the IBE mask general requirement should be retained as [image: image9.png]~25 —10.log,o (L“’%




 .
The spec in proposal 2 will impose the SNR spec for the entire Tx EIRP range. Since 64QAM compliance requirement is relaxed towards the low end of the EIRP range (see table 2.1.1.c), so should the IBE requirement. Proposal 2, which does not reflect this EVM spec relaxation, must be paired with additional clauses. 

The EVM requirement for 64QAM is determined from table 2.1.1.b
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The margin to add to this EVM target is assumed to be 3dB. This margin covers situations where IBE from multiple UEs are collocated with the allocation of the victim UE, imperfect UE Tx calibration, etc.
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The lowest EIRP that needs to be 64QAM capable is determined from table 2.1.1.c
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The toughest scenario from a Tx SNR per RB perspective is the FR2 channel BW and numerology combination that results in highest NRB:

	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Table 2.2.1

At Pmin,64QAM, power in each of 264 RBs is:
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At Pmin,64QAM, for EVM compliance, Tx noise per RB must be limited to level given below:
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For any EIRP level higher than Pmin,64QAM, ‘P’. the mask level that reflects above noise limit can be written as:
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Where PRB is the power in each RB at EIRP of P. 
The expression for Mask_Limit can hence be expressed as:
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Notice that the format of this restriction is like that of the existing floor term in the IBE mask definition:
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These two restrictions can hence be merged into the same term, while retaining the more stringent of the two restrictions. For FR2, it is easy to verify that the existing floor term is more relaxed than the floor dictated by EVM requirement for 64QAM.

Proposal 3: The floor term in the IBE mask general requirement definition shall be modified to account for 64QAM operation at -6dBm EIRP, per below:
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It is worth noting that this mask limit will also cover 16QAM operation at the associated lower EIRP limit of table 2.2.1.c, albeit with slightly different margin.
On Proposal 5 of [1]

In Proposal 1, we argued for reversing an earlier notion that linked Note 1 and the ACLR spec, by showing that the resultant ultimate IBE spec forces an unacceptable restriction on the system. Consequently, proposal 5 of [1], is no longer an item to be resolved. 
Observation 5: Proposal 5 of [1] which contained an FFS item, no longer needs FS.
3. Conclusion
We have identified the need to revise Note 1 of FR2 IBE specifications. We proposed an alternative note in proposal 1, reproduced here:

Proposal 1: Note 1 of the IBE specification should read: 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.
We also proposed our view on resolving Proposal 1 of [1], also reproduced here:
Proposal 2: The first term of the IBE mask general requirement should be retained as [image: image23.png]~25 —10.log,o (L“’%




 .
Proposal 3: The floor term in the IBE mask general requirement definition shall be modified to account for 64QAM operation at -6dBm EIRP, per below:
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Finally, we note that Proposal 5 of [1] does not need further treatment, based on dismantling the link between ACLR and Note 1 of the spec. This observation is also reproduced below:
Observation 5: Proposal 5 of [1] which contained an FFS item, no longer needs FS.
A synopsis of the proposed IBE general requirements spec refinement for FR2 is presented here as Proposal 4:
Proposal 4: FR2 IBE General Requirements Term and associated Note 1 shall be:
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NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. 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. 
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Proposal 1: Because the term in the equation related to adjacent RB leakage is based on LTE assumptions associated with VoIP call quality, it needs to be rescaled to take into account FR2 assumptions.  How to handle Issue 1 is FFS, and companies are encouraged to suggest possible approaches at the next meeting.


Proposal 2: With the EVM already a limiting factor in a number of MPR results reviewed during the RAN4 #85 meeting, it appears that the second term of the general IBE formula applies a 3 dB tightening of the EVM. Thus, the proposal is to remove this tightening from the formula in order to address Issue 2.


Proposal 3: In the LTE IBE formula the term -57dBm/180 kHz is tied to the LTE OFF output power requirement. 36.101 allows -50dBm/CBW for LTE, the most stringent of which is -50dBm/1.08MHz (for 1.4MHz channels). This number scales to -57.8dBm/180kHz. Similarly, 38.101 specifies this parameter to -35dBm/ CBW, the most stringent of which is -35dBm/47.52MHz (for 50M channels). This number scales to -59.2 dBm/180kHz. Based on our understanding, the appropriate parameter in the formula (was -57) should be -59; this addresses Issue 3.


Proposal 4: In order to align the IBE requirement with the associated ACLR agreements for FR2, it is proposed to define NOTE 1 in a band-dependent manner, where it takes the value of Prb-17 for bands n257, n258 and Prb-16 for band n260.


Proposal 5: How to handle Issue 5 is FFS, and companies are encouraged to suggest possible approaches at the next meeting.
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