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Introduction
This contribution provides an initial proposal on UE requirements for 5G broadcast in UHF bands.  Two sets of requirements are presented – the first set assumes a UE with a full-band filter covering the entire UHF frequency range while the second set assumes a UE with a sub-band filter leveraging the previous Band n105 filter studies.  
Discussion
Since the 5G broadcast service is unidirectional, only receiver requirements for the UE need consideration. In evaluating each of these requirements, an approach is taken to reuse the existing 10 MHz LTE requirements as much as possible for expediency in accordance with the WID [1] but also considering the most technically accurate approach to setting requirements where necessary.
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Diversity characteristic
The assumption for LTE is 2Rx as the baseline with the possibility of optional 4Rx support in some bands with additional requirements.  For UE Cat 0, M1, 1bis, NB1, and NB2, the assumption is 1Rx.  For 5G broadcast it is expected the baseline assumption is 2Rx to align with LTE.  Despite the 2Rx assumption, it is not anticipated that 5G broadcast will support MIMO.  Without an uplink there is no possibility for CSI feedback and the feasibility of antenna decorrelation in a smartphone form-factor at low UHF frequency ranges is dubious.  However, the 2Rx assumption will still allow for diversity gain in reference sensitivity.
Proposal 1:  2Rx is the baseline for UE requirements.  MIMO is not expected for 5G broadcast.
Reference sensitivity
Reference sensitivity was discussed previously in RAN4 #105 with a way forward captured in [2] copied below
Way forward:  Reference sensitivity values of -99.2, -98.5, -97.9, and -97 dBm are agreed as the baseline for 6, 7, 8, and 10 MHz channels. It is FFS which bandwidth will be specified.
The agreed values are based on a proposal in [3], but scaled for 6, 7, 8, and 10 MHz bandwidth
REFSENS= -174+NF+10*log10(BW)+60-diversity gain+IM+SNR
BW(MHz) = (6, 7, 8, 10 )*0.9
diversity gain = 3dB for 2Rx.
IM=2.5dB.
SNR= -1dB minimum SNR for detection
9dB NF can be assumed.
Based on the above agreement and in particular the SNR assumption, the reference sensitivity will be tested with QPSK R=1/3.  The reference measurement channel (RMC) for 6, 7, and 8 MHz PMCH is yet to be defined.
Observation:  Although the RMC is not yet defined, the agreed reference sensitivity values indicate QPSK R=1/3 for modulation and code rate.
The remaining issue is which bandwidth should be specified.  On one hand, broadcast TV operates in 6, 7, and 8 MHz channels so to most closely align the 3GPP requirements to the actual operational environment, the requirement should be defined according to 6, 7, and 8 MHz channels.  On the other hand, the WID clearly states to reuse existing requirements for 10 MHz as much as possible and new (dedicated) channel filters for 6, 7, and 8 MHz are not considered for the UE.  RAN1 has defined the PMCH for 5G broadcast with 30, 35, and 40 RB’s.  For technical correctness, this signal is the one that should be applied for receiver requirements.  However, it is also understood that the UE will configure its receive channel filter to 10 MHz since dedicated filters for 6, 7, and 8 MHz should not be assumed.  Therefore, there might be a slight impact to reference sensitivity due to additional noise from a wider channel filter.  However, this is expected to be negligible due to the FFT operation in the receiver filtering out the unwanted RB’s outside of the PMCH.  
Proposal 2:  It is proposed to define the reference sensitivity as -99.2 dBm for a 6 MHz PMCH signal occupying 30 RB’s with QPSK R=1/3 MCS.  It is not necessary to test all 6, 7, and 8 MHz signals; testing the 6 MHz signal with the lowest reference sensitivity is sufficient.
It is noted that the RMC used for reference sensitivity does not restrict what can be typically deployed in a 5G Broadcast network.
Maximum input level
The maximum input level is specified as -25 dBm for LTE with 64QAM R=3/4 MCS.  For HPHT broadcast, it is possible for the UE to receive a stronger signal than it would from an IMT basestation.  The receive power level at the UE from a broadcast signal was studied for Band 71 and Band n105 as an in-band blocker.  The in-band blocker power was specified to be -15 dBm in Band 71 to accommodate up to 1 MW broadcast transmission and -22 dBm in Band n105 to accommodate up to 200 kW broadcast transmission.  A maximum input power level of -15 dBm would be 10 dB higher than the LTE specification – this would require a significant redesign of the UE’s front-end gain stages.  A maximum input power level of -22 dBm would be 3 dB higher than the current LTE specification and could be more easily tolerated in the design.  A maximum input level of -22 dBm could be regarded as a compromise between UE design and the ability to receive within close proximity of the broadcast tower.  Since HPHT deployment is expected to be less dense perhaps on a hilltop for example, the probability of a UE within close proximity to the tower and therefore impacted by receiver overload is reduced.  Therefore, while the transmit power is higher, the minimum expected pathloss is also larger.
Proposal 3:  Maximum input level to be specified at -22 dBm.  The RMC to be defined should be a 6, 7, or 8 MHz PMCH signal with 64QAM R=3/4.  
Adjacent channel selectivity
Two options were agreed to be further investigated for ACS [2].
Option 2 (Qualcomm): -33 dB with frequency offset at 10 MHz (same as the existing 10 MHz spec)
Option 3 (SWR):  -33 dB with frequency offset at 6, 7, and 8 MHz
A preliminary study was undertaken to evaluate the in-channel ACS when the adjacent broadcast signal falls partially inside the receiver’s channel filter.  In [4], it was estimated that the ACS tolerance would be degraded from -33 dB to -16 dB for the 6 MHz PMCH with an adjacent 5 MHz interferer when the UE is configured with a 10 MHz channel filter.  Instead of either option above, it is proposed to define the ACS according to a 6 MHz signal with 5 MHz ACS interferer offset by 5.5125 MHz (see [4]).  The ACS requirement would be 16 dB.
Proposal 4:  ACS case 1 is defined as -16 dB for a 15 kHz SCS 6 MHz PMCH and 5 MHz adjacent channel interferer with frequency offset at 5.5125 MHz.  The wanted PMCH signal uses the same RMC as reference sensitivity.  It suffices to test only the 6 MHz PMCH.
The requirement could be envisioned as follows
Table 7.5.x: Adjacent channel selectivity for Bands X, Y, Z
	
	
	Channel bandwidth

	Rx Parameter
	Units
	6
MHz 
	7
MHz
	8
MHz

	ACS
	dB
	16.0
	17.5
	22.5

	Note:  The UE filter is assumed to be configured for 10 MHz channel bandwidth.



Table 7.5.x: Test parameters for Adjacent channel selectivity for Bands X, Y, Z, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	6 MHz
	7 MHz
	8 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +28.5dB
	REFSENS +30.0dB
	REFSENS +35.0dB

	BWInterferer 
	MHz
	5
	5
	5

	FInterferer (offset)
	MHz
	5.5+0.0125
/
-5.5-0.0125
	6.0+0.0075
/
-6.0-0.0075
	6.5+0.0025
/
-6.5-0.0025



To be consistent with the maximum input power level, the ACS case 2 power levels should also be scaled up to -22 dBm.  The ratio between wanted signal and interferer remain the same to maintain the 33 dB ACS.
Proposal 5:  For ACS case 2, the power level of the interferer is scaled up to -22 dBm.  The wanted signal power is also scaled up by 3 dB to maintain the same ACS.
The requirement could be envisioned as follows
Table 7.5.x: Test parameters for Adjacent channel selectivity for Bands X, Y, Z, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	6 MHz
	7 MHz
	8 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-36.5
	-38
	-43

	PInterferer
	dBm
	-22

	BWInterferer 
	MHz
	5
	5
	5

	FInterferer (offset)
	MHz
	5.5+0.0125
/
-5.5-0.0125
	6.0+0.0075
/
-6.0-0.0075
	6.5+0.0025
/
-6.5-0.0025




Blocking characteristics
The current specifications include in-band blocking, out-of-band blocking, and narrow-band blocking for LTE.  
In-band blocking
One possibility is to re-derive blocking requirements based on the anticipated 5G broadcast deployment scenarios with tightly packed channels, UE minimum performance will be limited by the 10 MHz channel filter similar to what was proposed for ACS.  However, if ACS is already specified with respect to 6, 7, and 8 MHz channelization, it may be less important for blocking to follow similarly.  Blocking requirements have larger offsets (beyond ACS) and are less influenced by the baseband channel filter.  Thus, it is proposed to maintain the same in-band blocking as 10 MHz LTE case 1 and case 2 as shown and highlighted below.
Table 7.6.1.1-2: In-band blocking
	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	
	PInterferer
	dBm
	-56
	-44
	Void
	Void
	-38
	-15

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&
=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&
≥+BW/2 + FIoffset,case 2
	
	
	-BW/2 - 11
	

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,
25, 26, 27, 28, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 48, 50, 51, 52, 53, 65, 66, 68, 70, 72, 73, 74, 85, 87, 88
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	
	
	
	

	30
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	
	
	FDL_low – 11
	

	71
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 12 to FDL_high + 15
	
	
	
	FDL-low - 12

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 - FIoffset, case 1 and
b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:	FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 
	



Proposal 6:  Apply the 10 MHz in-band blocking case 1 and case 2 requirements for 5G broadcast with BW interpreted as 10 MHz.
Out-of-band blocking
In contrast to the above, out-of-band blocking is specified for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band.  Out-of-band blocking performance therefore relies upon the RF filter as well as the baseband channel filter to provide rejection of the interferer.  Thus, there is a strong dependency of this requirement to the ongoing discussions pertaining to band plan and UE filter feasibility.  For the band plan, two options [2] are under consideration – either a single band covering the entire UHF frequency range, or smaller bands covering only a subset of this range.
Considering the first option where a band is defined over the entire UHF frequency range, it is assumed that the UE could be implemented with a full UHF-band filter.  The specifications for such a filter are copied below.
[image: ]
Assuming a single band definition from 470 – 698 MHz, out of band blocking frequency ranges are as follows
	Range
	Lower boundary
	Upper boundary
	CW power level
	Available full UHF filter attenuation

	Range 3 lower
	1 MHz
	385 MHz
	-15 dBm
	None above 222 MHz

	Range 2 lower
	385 MHz
	410 MHz
	-30 dBm
	None

	Range 1 lower
	410 MHz
	455 MHz
	-44 dBm
	None

	Range 1 upper
	713 MHz
	758 MHz
	-44 dBm
	None

	Range 2 upper
	758 MHz
	783 MHz
	-30 dBm
	None

	Range 3 upper
	783 MHz
	12750 MHz
	-15 dBm
	None below 815 MHz



It can be seen that this filter does not provide any blocker attenuation guaranteed by the data sheet except for the lowest and highest frequencies of Range 3.  The transfer function plot also provided in the data sheet is shown below
[image: ]
[image: ]
It can be seen that there is filter attenuation available, but it has not been included in the data sheet table of characteristics since it was presumably not a design requirement.  Nonetheless, it may be necessarily to slightly relax the out-of-band blocking requirements in recognition of the difficulty in obtaining filter attenuation for such a wide bandwidth.  It is proposed to relax the out-of-band blocking in range 2 and range 3 by 5 dB, while maintaining the -44 dBm range 1 value.  The reason for maintaining the range 1 value is that it is the same value already required for in-band blocking case 2 which already must be met without RF filter attenuation.  
Proposal 7:  Apply the LTE 10 MHz out-of-band blocking requirements for range 1 to the full UHF band (470 – 698 MHz).  Apply the range 2 requirement and range 3 requirement, but relaxed to [-35] dBm and [-20] dBm for the full UHF band.
For a smaller band, the work for Band n105 is leveraged.  The CR for Band n105 [5] is not yet agreed, but has been technically endorsed.  The CR is for an NR band but the filter characteristic can support a similar requirement for LTE.  Therefore, the pass band is 612 – 652 MHz and the out-of-band blocking requirements can be used without relaxation.
Proposal 8:  Apply the LTE 10 MHz out-of-band blocking requirements for range 1, 2, and 3 without relaxation for a band defined over 612 – 652 MHz.
Narrowband blocking
Narrowband blocking was originally intended to verify interaction between the uplink and a narrowband blocker inside the duplex gap would not adversely affect the receiver.  Since 5G broadcast is a receive-only system, there is no uplink to interact with this blocker.  Moreover, narrowband blocking for UMTS was defined in case of a GSM blocker.  Since 5G broadcast does not have an uplink and because there are no GSM systems in the UHF frequency range, then narrowband blocking is not needed.
Proposal 9:  Narrowband blocking is not required for 5G broadcast in UHF frequency bands.
Spurious response
The 10 MHz LTE spurious response requirements are proposed to apply without modification.
Proposal 10:  Apply LTE 10 MHz spurious response requirements. 
Intermodulation characteristics
The 10 MHz LTE wideband intermodulation requirements are proposed to apply without modification.
Proposal 11:  Apply LTE 10 MHz wideband intermodulation requirements with BW interpreted as 10 MHz.
Spurious emissions
The LTE spurious emission requirements are proposed to apply without modification.
Proposal 12:  Apply LTE receiver spurious emissions requirements.
Receiver image
No receiver image requirements are specified for LTE; i.e., clause 7.10.1 of 36.101 is void.  Therefore, the requirements for 5G broadcast are not specified either.
Proposal 13:  Receiver image requirements are not specified for 5G broadcast.
Conclusion
The UE requirements for 5G broadcast are presented in this contribution.  The requirements are based on a PMCH signal of 6, 7, and 8 MHz but assuming a UE channel filter of 10 MHz.  The requirements are also dependent on the band plan definition and the UE filter capability.  Given that data is only available for a full band UHF UE filter and a filter according to the previous study on Band n105, the UE requirements are presented with consideration of these two filter options.  The observations and proposals made in this contribution are summarized below.
Proposal 1:  2Rx is the baseline for UE requirements.  MIMO is not expected for 5G broadcast.
Observation:  Although the RMC is not yet defined, the agreed reference sensitivity values indicate QPSK R=1/3 for modulation and code rate.
Proposal 2:  It is proposed to define the reference sensitivity as -97 dBm.  However, the RMC should be a 6, 7, or 8 MHz PMCH signal occupying 30, 35, and 40 RB’s with QPSK R=1/3 MCS.  It suffices to test only one of these bandwidths, say 8 MHz as the widest channel with lowest SNR per RB.
Proposal 3:  Maximum input level to be specified at [-22] dBm.  The RMC to be defined should be a 6, 7, or 8 MHz PMCH signal with 64QAM R=3/4.  
Proposal 4:  ACS case 1 is defined as -16 dB for a 15 kHz SCS 6 MHz PMCH and 5 MHz adjacent channel interferer with frequency offset at 5.5125 MHz.  The wanted PMCH signal uses the same RMC as reference sensitivity.  It suffices to test only the 6 MHz PMCH.
Proposal 5:  For ACS case 2, the power level of the interferer is scaled up to -22 dBm.  The wanted signal power is also scaled up by 3 dB to maintain the same ACS.
Proposal 6:  Apply the 10 MHz in-band blocking case 1 and case 2 requirements for 5G broadcast with BW interpreted as 10 MHz.
Proposal 7:  Apply the LTE 10 MHz out-of-band blocking requirements for range 1 to the full UHF band (470 – 698 MHz).  Apply the range 2 requirement and range 3 requirement, but relaxed to [-35] dBm and [-20] dBm for the full UHF band.
Proposal 8:  Apply the LTE 10 MHz out-of-band blocking requirements for range 1, 2, and 3 without relaxation for a band defined over 612 – 652 MHz.
Proposal 9:  Narrowband blocking is not required for 5G broadcast in UHF frequency bands.
Proposal 10:  Apply LTE 10 MHz spurious response requirements. 
Proposal 11:  Apply LTE 10 MHz wideband intermodulation requirements with BW interpreted as 10 MHz.
Proposal 12:  Apply LTE receiver spurious emissions requirements.
Proposal 13:  Receiver image requirements are not specified for 5G broadcast.
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