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Introduction
In a previous submission, [1], it was identified that the FR2 occupied bandwidth (OBW) requirement is a determining factor for FR2 UE PA linearity, much like SEM, ACLR, EVM and IBE, have been in previous technologies. Unfortunately, this was not considered when the RF requirements (MPR) were defined and some corrections are needed such that devices can meet this requirement. 
RAN4 agreed that spec changes are needed but the concrete specification changes were not agreed in RAN4#90. In this paper we briefly explain the issue and propose the specification changes needed for power class 3(handheld) devices. 
It should be noted that this is a very important issue and must be clarified/fixed such that FR2 devices can obtain the necessary regulatory approvals. Without the changes proposed here, there is risk that early devices will prove to be non-compliant due to the OBW requirement.
Prior to the agreement in [1], chip vendors were at a juncture where they had committed to support certain power levels for certain waveform types (as determined by agreed MPR tables) and at the same time, found that the OBW requirement prevented them from supporting MPR0 operation for the reference waveforms. Per proposals in [1], it was agreed to remove the special 0dB status for those waveforms, stripping them of ‘reference’ status. The former reference waveforms now get assigned an MPR per the MPR table, and in doing so, allows the UE to become OBW compliant. Also per agreement, a new subset of ‘inner’ waveforms would be assigned 0dB MPR. 
In this contribution, we propose careful modifications to the PC3 MPR section of the requirement, so network plans put in place based on agreed MPRs are not negatively impacted. 
Discussion
OBW Requirement 
The OBW requirement states that at least 99% of the total integrated mean power of the transmitted spectrum must be confined within the assigned channel (e.g. 50MHz, 100MHz, etc). Consequently, the total power outside the assigned channel must be below 1%.
The ACLR requirement was defined as 17dBc based on the FR2 co-existence study that RAN4 performed during the NR SI phase. However, if a device just meets the ACLR requirement it would fail the OBW requirement because the power in the adjacent channels will be larger than 1%. In order to meet the OBW requirement, the actual ACLR would have be below ~24dB (output power in each adjacent channel must be below 23dB to be below 0.5%).
The issue is illustrated in Figure 1 which depicts a typical PC3 PA’s spectrum at MPR=0 power level (maximum Tx power without any backoff) for a fully allocated 100MHz waveform (reference waveform per TS38.101-2 v15.4). The PA’s output for this waveform is compliant for EVM, IBE, SEM and ACLR. The ACLR is ~21dB. The 99% occupied BW however is 111.6MHz, which is greater than the channel BW. This figure demonstrates that a typical PA configured with the v15.4 reference waveform, at MPR=0 power level is not always OBW-compliant.
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Figure 1: Typical PC3 PA output spectrum at with current MPR=0dB reference waveform(full allocation) 
[bookmark: _GoBack]In order to fix the above issue, 2 possible solutions were identified [1]. The simpler solution was to modify the power backoff allowed for different waveforms such that 99% of the power is always confined within the assigned channel. This solution was agreed in RAN4#90 (captured in the chairman minutes), however, the actual details of how to modify the MPR tables were not agreed.
WF: we adopt proposal but the more detailed condition and proposed values need to be discussed during this meeting.
MPR Changes to Accommodate OBW
Based on the measurements shown in Figure 1, OBW fails by a factor of 11.6% , i.e OBW is 111.6MHz for a 100MHz channel. This ‘failure factor’ can differ somewhat from sample to sample depending on margins and vendor design. This failure factor for OBW should most likely be less than 50% for an otherwise compliant PA. 
It is also noted that at the ACLR limit of 17dBc, the failure factor is 79%. Operation at ACLR limit represents the most inflated OBW, compared to operation point set at SEM, EVM or IBE limit. It should be also noted that legal operation at ACLR limit is not possible because the PA will have failed for EVM and IBE at a lesser power level. It is hence conservative to adopt an OBW failure factor of, say, 80% for this exercise. 
This reasoning helps set an upper-bound on OBW of 180% the channel bandwidth at MPR=0dB power level. We can further conclude that any MPR=0dB waveform must not have an allocation that exceeds the middle 55.55% of the channel bandwidth. This restriction allows the OBW to fit inside the channel BW for 0dB MPR waveforms.
Observation 1: At MPR=0dB power level (as determined by EVM, IBE, ACLR and SEM compliance), the widest allocation a PA can support while remaining OBW compliant is one that is restricted to the middle 55% of the channel.
Based on our observations above, we outlined a solution in RAN4#90 [1]. The proposals are reproduced below for convenience:
Proposal 1: For PC2/3/4, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR
Proposal 2: For PC1, the current definition of special 0dB MPR waveforms shall be removed. Instead some subset of inner waveforms shall be assigned 0dB MPR


The actual proposal on how to modify the MPR tables is presented in the next section. This enables meeting the current OBW requirement based on a PA that was designed to meet all the other requirements (SEM, EVM, IBE, ACLR).
PC3 MPR changes
We propose that the PC3 MPR table be modified as shown below. The principle of the change is based on the fact that if the allocated RBs and its IMD products are all confined within the channel, OBW will be met because the total power contained within the assigned channel will be >99%. MPR is introduced for waveforms with allocations wider than 1/3 of the channel such that the ACLR will become lower than ~24dBc and OBW requirement will be met.
Table 1: PC3 MPR table in TS38.101-2 v15.4
	
	
	Channel Bandwidth / MPRWT

	
	
	50 / 100 / 200 MHz
	400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1.5
	3.0

	
	QPSK
	1.5
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0






	
	
	Channel Bandwidth / MPRWT

	
	
	50 / 100 / 200 MHz
	400 MHz

	 
	 
	RBstart ≥ Ceil(1/3 NRB)  
AND
RBend ≤ Ceil(2/3 NRB)
(MIDDLE THIRD)
	RBstart  <  Ceil(1/3 NRB) 
OR 
RBend  >  Ceil(2/3 NRB)
	RBstart ≥ Ceil(1/3 NRB)  
AND
RBend ≤ Ceil(2/3 NRB)
(MIDDLE THIRD)
	RBstart  <  Ceil(1/3 NRB) 
OR 
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	1.5
	0.0
	3.0

	
	QPSK
	0.0
	1.5
	0.0
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0



Table 2.1-1: Proposed PC3 MPR table modification

We discuss technical justification below for our choices. For the sake of convenience, we refer to the entire Tx chain notionally as the PA.
Creating 0MPR regions in the PC3 table
It is possible to logically deduce the location of a 0dB family of waveforms, based on the nature of the now-retired reference waveform. 
Observation 2: The old reference waveform, (100M, maximum allocation 60k, DFT-s-QPSK) is EVM, IBE, ACLR and SEM compliant at MPR0 power level.
Now consider only those DFT-s-QPSK waveforms that are confined to the middle third of the channel bandwidth. These waveforms, when transmitted at MPR0 power level, remain EVM and IBE compliant (because Obs. 1), but are exempt from SEM and ACLR requirements. The exemption comes about naturally because common spurious products arising from third order non-linearities remain inside the channel bandwidth. Also, their transmission BWs are significantly narrower than the upper limit captured in observation 1 (55% channel BW). So, by virtue of their narrowness, they do not run afoul of the OBW requirement either. It follows that for unchanged hardware, DFT-s-QPSK waveforms in middle-third region can adopt the mantle of 0dB MPR. 
Proposal 1: Middle third DFT-s-QPSK waveforms in 50, 100, 200 and 400M channels shall adopt 0dB MPR for PC3
For testing convenience, it is useful to define a 0dB reference waveform. This waveform can be chosen among the waveforms highlighted in proposal 1. Another consideration is that early deployment is going to use 120kHz SCS. A good candidate for a reference waveform is a 100MHz, 20RB DFT-s-QPSK waveform located in the middle third of the channel: 20RB23.
Proposal 2: The 0dB reference waveform shall be 20RB23, 100MHz channel, 120kSCS, DFT-s-QPSK
Given that waveforms in the restricted regions are only subject to EVM and IBE, and considering BPSK variants have looser EVM requirements, PAs are expected to possess the same power capability for DFT-s-BPSK waveforms as for DFT-s-QPSK.
Proposal 3: BPSK variants of waveforms in proposal 1 shall also adopt 0dB MPR for PC3
Unchanged MPR for other parts of the PC3 MPR table
The dominant consideration for these MPRs is the network’s perspective. Network plans have been put in motion based on agreed MPRs in v15.4. Increases to any part of the MPR table can have extremely disrupting effects on fledgling FR2 networks. We hence consider the existing MPR values an obligation for chip vendors to meet.
There is also a good technical argument that suggests chip vendors can indeed support existing MPRs. Under the assumption of an unchanged PA, it follows that the power capability for all waveform classes in the table remain unchanged from ACLR, EVM, IBE and SEM considerations. 
The only new consideration that can challenge the PA in its ability to deliver output power per the existing MPR table is OBW compliance. It was reported by both companies that reported this problem in RAN4#90 in [1] and [2] that 1.5dB is enough MPR for wide allocation DFT-s-QPSK waveforms to circumvent the OBW problem. Our studies indicate that DFT-s-16QAM waveforms need about 1.0dB additional MPR compared to DFT-s-QPSK, for OBW compliance. Given that the PC3 MPR table already possesses at least 1.5dB MPR for wide DFT-s-QPSK waveforms, and 3.0dB for DFT-s-16QAM, one can see that MPRs in the PC3 table need not be degraded further.
Proposal 4: The PC3 MPR table shall remain unchanged outside the restricted regions outlined in proposal 1
Conclusion
[bookmark: _Hlk525651684]In this paper we discuss the FR2 OBW problem in context of its  impact to meeting regulatory requirements. Without the changes proposed here, there is risk that early devices will prove to be non-compliant due to the OBW requirement. This issue must be clarified/fixed such that FR2 devices can obtain the necessary regulatory approvals.
As a solution, we propose to modify the FR2 PC3 MPR tables and 0dB reference waveform based on following principle:
The change is based on the fact that if the allocated RBs and its IMD products are all confined within the channel, OBW will be met because the total power contained within the assigned channel will be >99%. MPR is introduced for waveforms with allocations wider than 1/3 of the channel such that the ACLR will become lower than ~24dBc and OBW requirement will be met.
The actual changes are based shown in the following proposals:
Proposal 1: Middle third DFT-s-QPSK waveforms in 50, 100, 200 and 400M channels shall adopt 0dB MPR for PC3
Proposal 2: The 0dB reference waveform shall be 20RB23, 100MHz channel, 120kSCS, DFT-s-QPSK
Proposal 3: BPSK variants of waveforms in proposal 1 shall also adopt 0dB MPR for PC3
Proposal 4: The PC3 MPR table shall remain unchanged outside the restricted regions outlined in proposal 1 
We formalize the changes in an accompanying CR [3].
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