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Introduction
The 5G broadcast network is intended to operate in UHF broadcast spectrum within a yet-to-be-defined band in 3GPP.  The channel bandwidths will be 6, 7, and 8 MHz.  Because there may be other broadcast or other transmitters in adjacent channels, the UE must be able to receive its desired channel yet reject adjacent channel interferers.  This contribution discusses the ACS requirement for the 5G broadcast UE.  It is proposed that the existing LTE ACS specification for a 10 MHz LTE channel is maintained, but derived ACS can be instructive as guidance for deployment to mitigate interference.
Discussion
LTE ACS
In accordance with the WID [1], the aim is to define appropriate ACS requirements for the 5G broadcast UE leveraging as much as possible the existing LTE requirements for 10 MHz.  Therefore, the approach is to study the existing DTT broadcast selectivity requirements to be used as the basis for defining the requirements for the 5G broadcast UE in a format consistent with LTE ACS specifications.  It is therefore instructive to first review the LTE ACS specification.
The definition of LTE ACS taken from 36.101 is 
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).
The minimum requirement is specified at two power levels where case 1 is with the wanted signal at 14 dB above reference sensitivity so thermal noise effects can be neglected and case 2 is with the interfering signal at the maximum input power of the UE of -25 dBm.  The wanted signal bandwidth is 10 MHz (reusing the LTE 10 MHz requirement according to the WID) while the interferer bandwidth is 5 MHz.  The spacing of the ACS interferer is immediately adjacent to the 10 MHz channel occupied by the wanted signal with an additional 7.5 kHz offset.  The wanted signal is QPSK modulated with R=1/3 code rate and the pass/fail criterion is 95% maximum throughput.  Details can be found in TS 36.101 clause 7.5.
DTT protection ratio
An analogous metric is called out in ITU-R recommendations denoted as a protection ratio (PR).  ITU-R [2] provides the following definition
The RF protection ratio is the minimum value of wanted-to-unwanted signal ratio, usually expressed in decibels at the receiver input.
There are both co-channel and adjacent channel PR’s at various offsets described in [2].  It is not possible to find the exact same conditions in DTT PR as for LTE ACS since most aspects such as waveform, reference channel, pass/fail criterion are not identical.  Moreover, the PR values provided in [2] are measurements not intended to be used as minimum performance requirements for specification.  Therefore, some estimation and approximation is required to derive an ACS specification that would be analogous to a PR recommendation.  

Derivation of an equivalent ACS
Protection ratios between uncoordinated DVB-T2 systems are tabulated in Table 3 of [2] and copied below
[bookmark: _Ref338710175][bookmark: _Toc519680594][bookmark: _Toc519933493]TABLE 3
[bookmark: _Toc519680595][bookmark: _Toc519933494]Protection ratios (dB) and overload threshold (dBm) for a DVB-T2 signal (defined in Table 1) 
interfered with by a DVB-T2 signal (defined in Table 1) in adjacent channels for silicon tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset 
(MHz)
	Number of receivers tested
	PR
(dB)
	Oth
(dBm)

	
	
	
	Percentile
	Percentile

	
	
	
	50th
	90th
	10th
	50th

	–9
	72
	11
	–54
	–50
	–14
	0

	–4
	–32
	11
	–50
	–44
	–14
	–2

	–3
	–24
	11
	–48
	–44
	–14
	–2

	–2
	–16
	11
	–47
	–43
	–15
	–6

	–1
	–8
	11
	–35
	–33
	–15
	–6

	Co-channel
	0
	11
	19.0
	19.0
	–
	–

	1
	8
	11
	–32
	–30
	–15
	–6

	2
	16
	11
	–46
	–43
	–15
	–5

	3
	24
	11
	–47
	–43
	–14
	–2

	4
	32
	11
	–50
	–44
	–13
	1

	9
	72
	11
	–54
	–49
	–13
	1
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This table reported measured values, not requirements or specifications.  Thus, these values should be viewed as typical values for which RAN4 will need to add an offset accounting for temperature, production, and frequency variation to produce worst case requirements for the purpose of specification.  Observing the first adjacent channel, the reported PR is -33 dB low side and -30 dB high side for the 90th percentile of receivers measured.  It is difficult to directly compare this to LTE ACS since the conditions are not identical.  The MCS, coding scheme, signal structure, SCS, FFT size, and pass/fail criterion are all different. This could have a significant effect on absolute power requirements (in dBm) such as reference sensitivity, but should have a somewhat reduced effect on relative power requirements (in dB) such as PR and ACS since the absolute differences cancel out in the numerator and denominator.  However, the MCS for the DVB-T2 measurement is selected to be 256QAM modulation with code rate 2/3 (see Table 1 of [2]) which is highly sensitive to distortion due to the high order modulation and low coding redundancy.  In contrast, LTE ACS is specified with QPSK modulation code rate 1/3 has found in Table A.3.2-2 of TS 36.101.  To correct for MCS in the PR value, a correction factor is provided in Table 10 of [2] where the nearest MCS to LTE is QPSK code rate ½.  The conversion factor is -17.3 dB.  This leads to a PR of -33 – 17.3 = -50.3 dB for QPSK R=1/2.  
The method described in [2] then suggests to subtract the adjacent channel PR from the in-channel PR in dB and then subtract the aggressor’s ACLR to obtain the ACS

	

For QPSK R=1/2 in AWGN, Table 2 of [2] lists PR0 as 2.4 dB.  The ACLR component is assumed to be at least 45 dB for an adjacent broadcast tower yielding an ACS of -47.6 dB.  Given that this is for QPSK R=1/2, yet LTE ACS is defined with QPSK R=1/3, we can pessimistically (since the difference in power due to MCS is not expected to be as large for ACS as it is for reference sensitivity) apply the difference in SINR requirement for reference sensitivity in AWGN between the two code rates where QPSK R=1/3 SINR is -1 dB and QPSK R=1/2 SINR is 2 dB.  This then leads to an ACS of -50.6 dB.
However, this is a crude estimate where simplifying approximations have been used liberally.  The underlying measurements from which this estimate is formed are limited since only a small number of devices were measured under typical conditions.  The correction factor for MCS was idealized based on simulation with Genie channel estimation, perfect timing and frequency offset and therefore not likely to be achieved in practice.  Hence, to specify a minimum performance requirement it may be necessary to offset the measured value and idealized corrections.  It is suggested that a ~10 dB offset may be appropriate.  Applying this offset, the specified ACS minimum requirement becomes -40 dB.  Note that this same value applies equally for 6, 7, and 8 MHz DTT channels where the interferer is the same bandwidth as the wanted signal.  
Observation:  A possible ACS specification for the 5G broadcast UE is -40 dB based on evaluation of measured  DVB-T2 receivers.  
UE specification and deployment mitigation
This derived value of -40 dB is not necessarily the receiver performance needed to achieve good performance in a broadcast network, but rather a reflection of how existing DVB-T2 devices might perform.  The actual deployment of the DTT network also has a strong influence on how well devices can received their assigned channel while rejecting other signals in adjacent channels.  As described previously the PR value was measured assuming uncoordinated networks in adjacent channels.  However, the WID states as part of the justification
In most cases, coordination mechanisms are in place so that when a new transmitter is proposed to be deployed in a given region, appropriate measures are taken (e.g. in terms of specific requirements for that transmitter, or usage of guard channels) to ensure coexistence with other systems in the same geography.
Moreover, it is unlikely for UE manufacturers to redesign their radios to meet significantly different requirements.  Indeed, part of the attraction of 5G broadcast is to enable the 3GPP ecosystem of devices to quickly and easily adopt broadcast reception into smartphone devices.  To require the design of an alternative besides the cellular radio (like Bluetooth, WiFi, or GPS) with entirely new RF requirements but using the 3GPP software stack would not be sensible.  This is clearly recognized in the WID where it is guided to reuse existing requirements as much as possible.  Thus, it is proposed not to define a more stringent ACS requirement for the broadcast UE.  Instead, it is proposed to reuse the existing LTE ACS specification acknowledging that deployment coordination mechanisms may be used to mitigate interference from other networks in the same geography.
Proposal:  It is proposed not to define new ACS requirements for the broadcast UE.  Instead, the existing 10 MHz LTE ACS requirement is applicable.  Deployment coordination mechanisms are expected to be used to mitigate interference as needed.
To understand the size of guard band required, an example is provided below.  Assume that the necessary ACS is 40 dB according to the evaluation above.  Given the LTE ACS is only 33 dB, some guard band may be needed before 40 dB rejection is achievable.  It is observed that in-band blocking case 1 is specified at -56 dBm while in-band blocking case 2 is specified at -44 dBm.  The wanted signal is received at a power level of REFSENS + 6 for in-band blocking.  Reference sensitivity has not yet been agreed for the UHF band, but for the purpose of this example, we assume a value of -94.2 dBm for the 10 MHz channel as specified for Band 71.  For these values, it can be observed that the effective “ACS” is -33.7 dB for IBB1 and -45.7 dB for IBB2.  Therefore, to reach -40 dB ACS would require an offset in between IBB1 and IBB2, perhaps 12.5 MHz from the channel edge as illustrated below.
[image: ]
Figure 1.  ACS and in-band blocking for 10 MHz LTE with example guard band to meet -40 dB ACS
In this figure, a 10 MHz LTE channel is illustrated with the 5 MHz ACS, IBB1, and IBB2.  If the UE requires 12.5 MHz offset to reach ACS of -40 dB as shown in the gray shading, three channels of guard band (in green) might be needed between 6 MHz channels DTT channels and two channels of guard needed between 7 and 8 MHz DTT channels.  
Observation:  A guard band of 2 or 3 channels could be considered as a starting point for deployment if ACS of -40 dB is required.
However, -40 dB ACS may not be needed.  A large ACS requirement protects against a large mismatch in received powers at the UE between its serving cell and adjacent frequency interference presumably from another DTT broadcaster.  The large mismatch in power is most likely observed because the UE is close to the other broadcaster but far from its own serving eNB.  This mismatch in power can be mitigated by co-located deployment since if both broadcasts are received from the same location and both transmitters are broadcasting with the same power, the received power at the UE should be approximately the same since it undergoes the same path loss.  Therefore, the required ACS is much lower than -40 dB.  Indeed, most HPHT broadcast towers are co-located.  An example is shown below for San Diego where it can be seen that all six TV broadcasters in the city are co-located between two sites
[image: Map
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Figure 2.  HPHT broadcasting locations in San Diego are co-located at two sites (figure is from FCC’s DTV map)
Observation:  The ACS requirement can be much less than -40 dB if co-located deployment of HPHT sites is available.  Hence, the required guard band between channels can be reduced or eliminated.
Conclusion
This contribution has reviewed the UE ACS requirement for 5G broadcast.  The approach taken was to use an ITU-R recommendation consisting of measured device performance for a DVB-T2 system and scale the values to align LTE ACS conditions.  By so doing it was estimated that an ACS of -40 dB might be suitable.  In spite of this, it is proposed that the actual 5G broadcast UE specification is not adjusted to -40 dB.  This value is a significant deviation from existing LTE UE requirements and was derived assuming uncoordinated deployments.  Instead, to take full advantage of the 3GPP device ecosystem, it is proposed to keep the LTE ACS 10 MHz requirement but to address the coexistence concerns by deployment coordination techniques which can greatly reduce the interference between networks.  Observations and one proposal introduced in this contribution are summarized below.
Observation:  A possible ACS specification for the 5G broadcast UE is -40 dB based on evaluation of measured  DVB-T2 receivers.  
Proposal:  It is proposed not to define new ACS requirements for the broadcast UE.  Instead, the existing 10 MHz LTE ACS requirement is applicable.  Deployment coordination mechanisms are expected to be used to mitigate interference as needed.
Observation:  A guard band of 2 or 3 channels could be considered as a starting point for deployment if ACS of -40 dB is required.
Observation:  The ACS requirement can be much less than -40 dB if co-located deployment of HPHT sites is available.  Hence, the required guard band between channels can be reduced or eliminated.
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