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Introduction
In RAN#88e, a new work item (WI), Modification of LTE Band 24 specifications to comply with updated regulatory emission limits, was approved [1].  The following objectives related to UE aspects were specified:
· Update relevant E-UTRA technical specifications as necessary for the existing 3GPP Band 24 to align with the modified FCC rules
· Address implications of tighter out of band emission limits specified for the UE in the FCC Order recently published.
· Specify two Tx/Rx spacing allowing use of either UL channel (1627.5 – 1637.5 MHz or 1646.5 – 1656.5 MHz) with the DL channel, 1526 – 1536 MHz. 
· Identify impact on requirements for the uplink power level for 1627.5 – 1632.5MHz, if needed, specify requirements
This document addresses i) the implications of out of band emission limits in the FCC Order [2] on band specific clauses of various UE related specifications, ii) two Tx/Rx spacings and iii) assesses the regulatory aspects related to the uplink power ramp in the 1627.5 – 1632.5 MHz frequency range.  
Band 24 Review
Figure 1 depicts the current 3GPP Band 24 specification spanning 1525 – 1559 MHz on the DL and 1626.5 – 1660.5 MHz on the UL.  As per the regulatory update, DL transmission is only authorized in 1526 – 1536 MHz.
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Figure 1: 3GPP Band 24
UE Related Changes
As discussed in [3], there are two regulatory updats related to the Band 24 UE operations:
1) First one is related to regulatory updates to the OOBE emission limits as listed below and shown in Figure 3.
2) Second, for period ending Dec 16, 2020 ([3], [4]), the maximum EIRP for the lowest five megahertz of this spectrum—that is, 1627.5-1632.5 MHz—will ramp up from -31 dBW at 1627.5 MHz to -7 dBW at 1632.5 MHz before becoming subject to the -7 dBW limit for the entire segment. 
Additionally, [3] also discussed the need to specify an additional Tx-Rx frequency spacing to allow flexibility of pairing the 10 MHz DL channel with either the lower or upper 10 MHz UL channels. 

Updated UE Emission Limits from [2]:
· The maximum EIRP limit for UL channels: -7 dBW
· The wideband OOBE emissions limits:
· -105 dBW/MHz or less between 1541 – 1608 MHz
· A linear ramp from -105 dBW/MHz to -100 dBW/MHz between 1608 – 1610 MHz
· A linear ramp from -100 dBW/MHz at 1610 MHz to -67 dBW/4kHz at 1627.5 MHz
· -58 dBW/4 kHz at a 1 MHz offset from edge of 1646.5-1656.5 MHz band
· -67 dBW/4kHz at 1627.5 MHz
· The narrowband emission limits:
·  A linear ramp from -44 dBW/700 Hz at 1625 MHz to – 110 dBW/700 Hz at 1610 MHz between 1625 – 1610 MHz
· A linear ramp from -110 dBW/700 Hz at 1610 MHz to -115 dBW/700 Hz at 1608 MHz between 1610 – 1608 MHz
· -115 dBW/700 Hz between 1608-1559 MHz
· -132 dBW/2 kHz between 1559 – 1541 MHz
Figures 3 and 4 compare the new DL and UL emission limits specified in [2] to the old limits.
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Figure 2: Old and New wideband emission limits for Band 24 User Equipment


Treatment for transmit power ramp-down from 1632.5 – 1627.5 MHz
Besides the changes to the power and emission limits enumerated above, the FCC’s Order and Authorization describes a linear ramp in maximum EIRP for the 1627.5-1632.5 MHz sub-band from -7 dBW at 1632.5 MHz  to -31 dBW at 1627.5 MHz “for a period of five years.”  This condition also states that these limits apply “[c]onsistent with Ligado’s agreements with the GPS companies.”  The relevant GPS company agreement—Ligado’s December 16, 2015 settlement agreement with Garmin—expressly states that this linear ramp shall run “for five years from the Effective Date,” which places the end of the ramp-down period on December 16, 2020.  
The band modification is expected to complete in March, 2021 and commercial availability of UEs is expected shortly thereafter.  Thus, specifications for the ramp-down will never be required to be implemented in the deployed network.
Proposal 1: Given the completion timeline of the WI, agree that further evaluation and specification development related to linear ramp between 1627.5 – 1632.5 MHz is unnecessary and not required.

Addressing Regulatory Updates in UE Specifications

Band Specific Clauses in TS 36.101
	Clause
	Description
	Change Description

	5.5
	Operating bands
	Add a note to reflect that the UL transmission will be limited to between 1627.5 – 1637.5 MHz and 1646.5 – 1656.5 MHz

	5.6.1
	Channel bandwidth
	No change required as 5 MHz, 10 MHz channel bandwidths are already specified

	5.7.3
	Carrier Frequency and EARFCN
	No change as carrier frequencies and EARFCN have been specified

	5.7.4
	Tx-Rx Frequency Separation
	Add an additional Tx/Rx spacing of -120.5 MHz

	6.2.2
	UE Maximum Output Power
	No change

	6.2.4
	UE max output power with additional requirements
	TBD

	6.6.2.2
	Additonal spectrum emission mask
	TBD

	6.6.2.3
	ACLR
	No change as only out of band emissions specifications are impacted by the regulatory change

	6.6.3
	Spurious Emissions
	No change 

	6.6.3.2
	Additiona Spectrum Emission Mask
	No change

	6.6.3.3
	Additional Spurious Emission
	Add a table to list the regulatory emission limts

	7.3.1
	Reference Sensitivity Power Level
	No change as only the transmitter specifications are impacted

	7.6.1.1
	In band blocking
	No change as only the transmitter specifications are impacted

	7.6.2.1
	Out of band blocking
	No change as only the transmitter specifications are impacted


Table 1: Required Changes to TS 36.101

2.3.1.1 Dual Tx-Rx Spacing (Clause 5.7.4)
One concern for two duplex spacing is the potential of self interference if the Tx/Rx spacing is small.  Given that the new Tx/Rx spacing is going to be larger than the existing one, no self interference is expected for the -120.5 MHz spacing.  To confirm this, a measurement of PA noise was made using a commercially available Band 4 PA operating at the lower edge (fc = 1715 MHz).  Band 4 UL is close to the  Band 24 UL and has a large duplex spacing of 180 MHz.  With 23dBm output power (after accounting for post-PA losses), the Band 4 PA noise density reaches its floor at and is flat within the receiver band. Therefore, the self-interference for the -120.5 MHz is going to be comparable to that of -101.5 MHz spacing for Band 24.  
2.3.1.2 UE Max output power with additional requirements (Clause 6.2.4)
The FCC has tightened the OOBE mask for Band 24’s uplinks below 1627.5 MHz, relative to its previous requirements, shown in Figure 2 above.  This creates challenges for both UE power amplifier (PA) linearity and post-PA filtering, such as provided by a duplexer.  For such stringent emission requirements, the evaluation should be based on measured data of PAs with high 1 dB compression point and filters with high selectivity and not generic component models. Ligado is currently surveying such PAs and duplexers to determine the feasibility of meeting the new requirements. We encourage 3GPP members to present filter and PA measurements for such components at the next meeting to be used in the evaluation.

2.3.1.3 Additional Spectrum Emission Mask (Clause 6.6.2.2) 
Given that the spectrum emission mask is from the edge of the channel, depending on whether it is upper or lower uplink 5 or 10 MHz, it is unclear if we need to specify tables for individual scenarios or whether a table in clause 6.6.3.3 will suffice.

2.3.1.4 Additional Spurious Emission (Clause 6.6.3.3) 
A table for Band 24 needs to be added to specify the compliance with the FCC Order. 

Band Specific Clauses in TS 36.124
	Clause
	Description
	Change Description

	4.4
	Receive exclusion band
	No Change as exclusion is specified for band 24


Table 2: Required Changes to TS 36.124

Proposal 2: Agree to an additional Tx-Rx spacing of -120.5 MHz.
Proposal 3: Companies are encouraged to bring measurements for PAs with high 1 dB compression point and duplexers with high selectivity to develop input parameters for evaluating additional requirements on UE maximum output power to RAN4#97e. 
Proposal 4: Companies are encouraged to present proposals for updates to Clause 6.6.2.2. 
Proposal 5: Agree to update Clauses 5.5, 5.7.4, and 6.3.3.3 of TS 36.101 as indicated in Table 1 above to meet WID objective related to the out of band emission limits and two Tx/Rx spacings and submit Draft CRs at the next meeting.
Proposal
Proposal 1: Given the completion timeline of the WI, agree that further evaluation and specification development related to linear ramp between 1627.5 – 1632.5 MHz is unnecessary and not required.
Proposal 2: Agree to an additional Tx-Rx spacing of -120.5 MHz.
Proposal 3: Companies are encouraged to bring measurements for PAs with high 1 dB compression point and duplexers with high selectivity to develop input parameters for evaluating additional requirements on UE maximum output power to RAN4#97e. 
Proposal 4: Companies are encouraged to present proposals for updates to Clause 6.6.2.2. 
Proposal 5: Agree to update Clauses 5.5, 5.7.4, 6.2.4, 6.6.2.2 and 6.3.3.3 of TS 36.101 as indicated in Table 1 above to meet WID objective related to the out of band emission limits and two Tx/Rx spacings and submit Draft CRs at the next meeting.
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