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Introduction
The UE ACS requirement was discussed in [1] referencing DVB-T2 measured performance as a basis.  In this paper, a different approach is taken where the existing LTE performance is used as a basis.  In particular, the UE ACS capability is estimated assuming a conventional LTE 10 MHz design, but subjected to 6, 7, and 8 MHz channelization used for broadcast.  An ACS specification for 5G broadcast in 36.101 is proposed.
Discussion
The work item in [2] clearly establishes a preference to reuse existing LTE UE requirements.  Under the objective to define UE requirements for 6/7/8 MHz, it is stated “Reuse existing requirements for 10 MHz as much as possible” with a further note “New (dedicated) channel filters (e.g. 6/7/8 MHz filters) are not considered for the UE.”  Therefore, to faithfully follow this objective, the UE ACS requirement for 10 MHz LTE should be applied for 5G broadcast.  In other words, the wanted channel is 10 MHz wide while the adjacent channel is offset by approximately 7.5 MHz center-to-center.  The ACS requirement in this configuration is 33 dB
Table 7.5.1-1: Adjacent channel selectivity
	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27



Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/
-1.4-0.0025
	3+0.0075
/
-3-0.0075
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.
NOTE 2:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1.
NOTE 3:	The REFSENS power level is specified in Table 7.3.1-1 and Table 7.3.1-1a for two and four antenna ports, respectively.
NOTE 4:	For DL category M1 and M2 UE, the reference sensitivity for category M1 in table 7.3.1E-3 and category M2 in Table 7.3.1E-8 should be used as REFSENS for the power in Transmission Bandwidth Configuration and PInterferer.
NOTE5:	For DL category M1 and M2 UE, the parameters for the applicable channel bandwidth apply.



Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/
-1.4-0.0025
	 3+0.0075
/
-3-0.0075
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.
NOTE 2:	The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1.



However, this definition of ACS does not align with the broadcast channel raster as illustrated below.
[image: ]
Because the broadcast channel raster is 6, 7, and 8 MHz, the adjacent channel partially encroaches inside of the receiver’s bandwidth.  Therefore, a portion of the adjacent channel interferer passes unimpeded through the receiver channel filter.  The performance impact of this scenario is considered forthwith.
The ACS capability of the UE can be evaluated by considering the signal to noise ratio within the wanted signal bandwidth.  The wanted signal is received at REFSENS + 14 dB to ensure the signal is well above the thermal noise floor.  It is assumed that a -1 dB in channel SNR is needed for demodulation of the given MCS to achieve the specified 95% maximum throughput.  The in-channel noise components include the thermal noise, noise ingress from the adjacent channel interferer due to its ACLR, and out-of-channel noise aliased into the wanted channel.  There may also be noise and distortion present due to saturation along the receive chain if a very large interfering signal is passed alongside a relatively smaller wanted signal.  In the baseband, there is noise due to FFT leakage since the ACS is assumed to be asynchronous with respect to the FFT grid of the wanted signal.  These individual noise sources are assumed to be uncorrelated and therefore summed together in linear domain to form the composite noise term in the SNR calculation.    
The conventional LTE Case 1 ACS is first evaluated.  In addition to the LTE ACS parameters as specified in 36.101, the following assumptions are made
	Demod SNR required
	-1 dB

	ACS filter attenuation
	33 dB

	Receiver channel bandwidth
	10 MHz

	Interferer ACLR
	45 dB

	Implementation margin
	2.5 dB



In addition to the above, the FFT leakage is calculated by summing SCS-spaced samples offset by one half SCS of the sinc function response for a rectangularly windowed FFT.  These samples are used as a weighting function to the adjacent channel interferer after ACS filter attenuation is applied.  A guard band is assumed according to 90% spectral occupancy for LTE in both the 10 MHz wanted signal and the 5 MHz adjacent channel interferer – for example, 750 kHz guard band for the 10 MHz wanted and 5 MHz ACS interferer.  The total noise was computed to meet the in-channel SNR for 95% throughput according to the QPSK R=1/3 MCS used for 2 Rx requirements.  
With this baseline established, a 6 MHz wanted signal was applied while maintaining the receiver channel bandwidth at 10 MHz.  A 5 MHz interfering signal was placed immediately adjacent to the 6 MHz PMCH wanted signal, so partially inside the 10 MHz receive channel with an internal guard band of approximately 550 kHz between the last RB of the wanted signal and the first RB of the interfering signal.  The interfering signal is also offset slightly by half the SCS frequency to maximize the FFT leakage, so the center to center spacing is 5.5 + 0.0125 MHz or -5.5 – 0.0125 MHz.  The sinc function is once again evaluated summing over those samples falling inside the channel without filter attenuation and those samples falling outside the channel with filter attenuation.  The channel filter is modeled as ideally rectangular in frequency.  Thermal noise is evaluated over the bandwidth of the signal, i.e., 6 MHz, since these are the PMCH tones to be demodulated, but the remainder of the noise terms are unchanged from the baseline and hence are assumed not to scale with the wanted signal bandwidth but constant due to the fixed 10 MHz configured channel filter bandwidth.  The interferer power is then adjusted until the in-channel SNR is met for 95% throughput and the resulting ACS is determined.
With this approach, the following results were obtained
Table 1.  5G broadcast ACS requirement for Case 1 power levels.
	Channelization
	Power in transmission bandwidth configuration
	PInterferer
	ACS

	10 MHz (baseline)
	REFSENS + 14 dB
	REFSENS + 45.5
	33 dB

	6 MHz
	REFSENS + 14 dB
	REFSENS + 28.5
	16 dB

	7 MHz
	REFSENS + 14 dB
	REFSENS + 30.0
	17.5 dB

	8 MHz
	REFSENS + 14 dB
	REFSENS + 35.0
	22.5 dB



In the field
In the field, UE performance is necessarily better than the minimum requirement illustrated above.  The amount by which a UE exceeds the minimum requirement is entirely dependent on its implementation and a general rule may not be possible to derive.  Nonetheless, the above results show that if broadcast channels are fully packed in the same geographical region, it is highly desirable that the broadcast towers are co-located and transmit powers normalized to minimize the mismatch in receive power at the UE in adjacent channels.  Even then, non-zero power mismatch might be observed due to multi-path fading or other environmental factors.  It should also be noted that the LTE ACS specification as derived above is applicable for QPSK R= 1/3.  Due to the high level of redundancy, the SNR requirement for this MCS is low and a significant amount of in-band noise can be tolerated.  With higher MCS, the SNR requirement is higher and therefore the levels of interference evaluated for QPSK R=1/3 may not yield good performance.  Thus, it is cautioned to use the ACS values derived above directly in broadcast network planning without proper understanding of their assumptions and parameters.  However, it is evident that for a practical deployment it is imperative to maximize opportunities for coordination between adjacent channel broadcasters in the same geography for best performance.  This includes co-location and the consideration of leaving empty channels to be used as guard band where frequency planning allows.  Other techniques such as tight synchronization of broadcasts to enable FFT orthogonalization and minimize OFDM tone leakage between channels would also greatly improve the performance in both channels recognizing the wanted signal for one broadcaster is the interfering signal for the other. 
In the specification
Two options are available for including 5G broadcast ACS into the 36.101 specification
1. Keep the existing LTE 10 MHz ACS specification
2. Write a new ACS specification for 5G Broadcast using a 6, 7, and/or 8 MHz PMCH wanted signal with a 5 MHz ACS interfering signaling immediately adjacent.  The interfering signal would partially fall inside of the configured 10 MHz receive channel.
Neither option fundamentally changes the performance of the device.  The first option would be the simplest and conforms with the WID objective to reuse the LTE 10 MHz requirements as much as possible.  However, the 10 MHz LTE uses a fully allocated PDSCH RMC which is not aligned with the 30, 35, or 40 RB PMCH specified by RAN1 for broadcast.  Moreover, placing the ACS at the edge of a 10 MHz channel does not correspond to any envisioned 5G broadcast deployment since the broadcast spectrum follows a 6, 7, or 8 MHz channelization and likely will share spectrum with other broadcast technologies also following a 6, 7, or 8 MHz channelization.  While not completely irrelevant, defining the requirement according to the legacy LTE 10 MHz is not the most technically accurate approach.  Therefore, it is recommended to adopt option 2.  However, for the sake of test time reduction, it is suggested that only 6 MHz PMCH needs to be tested since this bandwidth has the greatest in-channel overlap with the ACS interferer.
Conclusion
In this contribution, the results of a study to estimate the ACS performance of a 5G broadcast device operating with 6, 7, and 8 MHz channelization, but configured with 10 MHz channel filtering.  It was found the LTE ACS performance is degraded due to the interference partially falling inside of the channel filter.  In spite of this degradation in performance, it is expected that 5G broadcast networks will be deployed in a coordinated manner to minimize the interference and degradation between adjacent broadcasts.  Finally, it is recommended to specify the ACS requirement with a 6 MHz PMCH signal and an immediately adjacent 5 MHz ACS interferer at 5.5125 MHz center-to-center offset to more closely reflect the expected 5G broadcast channelization.  The ACS requirements is proposed to be 16 dB.
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