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1.	Introduction
RAN4#105 decided on the following way forward [1] for the UE RF part of WI [2]:
1. Band plan
Two options (not mutually exclusive)
1. Define a single band covering the entire UHF frequency range 470 – [698/702] MHz
a. The requirements are relaxed for this band (TBD which requirements and how much) and/or
b. This band is assumed to be implemented with more than one filter in the UE (TBD how many filters and the characteristics of those filters)
2. Define smaller bands 
a. At least one of the bands overlaps with Band n105 DL to reuse n105 Rx filter
b. Specify the following bands 470-542 MHz, 540-606 MHz and 602-702 MHz.
c. Other 
Way forward:	For RAN4 #106, companies are invited to provide proposals and supporting technical 		data including filter performance for the options listed above.

2. Reference sensitivity
Option 1 (ZTE):  to reuse the noise figure of legacy DVB-T receiver design and other implementation margin 
Option 2 (Huawei, Nokia):  -100dBm/-97dBm/ -95.2dBm /-94dBm REFSENS can be derived for 5, 10, 15, 20MHz
Moderator comment:  Using the same formula as Huawei’s paper, but setting the bandwidth to 6, 7, and 8 MHz we have -99.2, -98.5, and -97.9 dBm.
Moderator comment:  Nokia suggests using SDO band as basis for refsens.  According to the moderator, this should be the same values as proposed by Huawei.
[bookmark: _Hlk124753958]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.


3. ACS
Option 1 (Nokia): -25 dB with frequency offset at 6, 7, and 8 MHz
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
Way forward:  Companies are invited to study options 2 and 3.

This document contributes to the discussion and proposes some ways forward.
 
2. 	Discussion
2.1	Band Plan
Assumptions:
· 5G Broadcast networks are transmitting in the sub700 MHz band using 6, 7 or 8 MHz carrier bandwidth.
· UEs for reception of 5G Broadcast signals are smartphones.
· While receiving a 5G Broadcast transmission, usage of mobile services such as bidirectional access to the Internet shall be possible.
· Any solution must be able to use the entire sub700 MHz band as outlined in the WI [2]: “The objective of this work item is to introduce the necessary features for LTE based 5G terrestrial broadcast to operate in the portion of UHF spectrum allocated to broadcast systems in different regions of the globe.”

Challenges:
Reception of 5G Broadcast signals in the sub700 MHz band shall be possible at power levels of down to about -80 dBm which may be encountered in particular at the coverage edge. At the same time unicast communication in the 700 MHz band and above may lead to uplink transmission powers of up to 23 dBm. This calls for sufficient isolation in the smartphone which is particularly challenging if the uplink band n28 (i.e. the 700 MHz band) is used. This starts at 703 MHz while in ITU-R Region 1 the upper edge of 5G Broadcast is foreseen as 694 MHz which corresponds to the upper edge of TV channel 48.

Band Isolation
There are two basic options to achieve the necessary isolation between 5G Broadcast reception on the sub700 MHz band and uplink transmissions in band n28. These are:
· A smartphone receiving 5G Broadcast signal in the sub700 MHz band signals this to the BS. This prevents using uplink transmissions in band n28 by allocating uplink resources for example in the 800 or 900 MHz bands. 
· Isolation needs to be enabled by imposing stringent out-of-band transmission requirements to the uplink in band n28 while at the same time implementing a low-pass filter to reduce potential interference from band n28 into the sub700 MHz reception of 5G Broadcast.
While the first option seems to be straightforward from a technical point of view, the second requires detailed investigation. 
The conventional FDD layout in the sub-1GHz region is sketched in Figure 1.
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Figure 1:	FDD layout in the sub1GHz region.


Typically, the up- and downlink regions for LTE are allocated to different operators in terms of 5, 10, 15 or 20 MHz bandwidths. An operator gets for example 20 MHz at the lower edge of the 700 MHz uplink (703 – 748 MHz) which is paired with 20 MHz at the lower edge of the downlink part (758 – 803 MHz). This means that in this case the UE can receive at 758 MHz and transmit at 723 MHz. Thus, the difference between up- and downlink of 35 MHz is sufficient to isolate up and downlink in the UE. 
Hence, one could argue that below 703 MHz – 35 MHz = 668 MHz downlink reception should be possible with minimum additional effort if existing technologies for low band duplex filters are employed, for example the duplex filters of band n71, i.e. the 600 MHz band (see Figure 6.4.1.1-2 in [6]). They could be applied in an appropriate overlapping manner as depicted in Figure 2.
However, such an arrangement comes at the expense of losing channels 45 – 48 for 5G Broadcast. From a broadcaster perspective this is very inefficient use of spectrum, for many it will be not acceptable. This could be mitigated by applying additional lowpass filtering on top of the already utilized duplex filters. The design of the corresponding lowpass filter should be guided by the objective to reduce the roll-off domain as much as possible while achieving the necessary rejection to uplink transmissions above 703 MHz. Ideally, a guard interval of 9 MHz could be achieved which would also make available TV channels 45 – 48.

Proposals:
1. Already existing duplex filter components for band n71 demonstrate that similar filters are feasible. It is proposed to adopt such kind of filters in an appropriate overlapping scheme to cover the entire sub700 MHz band.
2. Deploy additional lowpass filtering to reduce the guard band between uplink in n28 and 5G Broadcast in sub700 MHz as much as possible. Aim to achieve a guard band of 9 MHz. 
3. If lowpass filtering cannot reduce the guard band to 9 MHz, then the UE shall signal to the BS that it is receiving 5G Broadcast in order not to allocate uplink resources in band n28 to the UE.
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Figure 2:	Arrangement of 600 MHz duplex filters across the sub700 MHz band for 5G Broadcast. The yellow blocks are the shifted duplexes. The 			light red box denotes the 35 MHz maximum guard band according to the duplexer performance. Additional lowpass filtering may need to be applied 		to make TV channels 45 – 48 available as well.



2.2	Reference sensitivity
For sake of comparison, the calculated minimum receiver signal input power of DVB-T2 receivers in [3] is shown in the Table 1.

Table 1: Calculation of receiver signal input power for DVB-T2 receivers
[image: ]

As shown, for the portable and mobile reception modes considered in this table (using example system variants), the sensitivity of DVB-T2 receivers (for 8 MHz channel bandwidth) is around -119 dBW, which is -89 dBm. This is higher (i.e. showing less sensitivity) than the proposed -97.9 dBm in RAN4. Inversely, the RAN4 proposed sensitivity of -97.9 dBm would correspond to a DVB-T2 C/N of 1.2 dB (a highly robust variant).
Proposals:
4. Reference sensitivity values of -99.2, -98.5 and -97.9 should be used for 6, 7 and 8 MHz carrier bandwidth.
5. In order to ensure compatibility between DTT and 5G Broadcast in the sub700 MHz range and facilitate sharing spectrum between the two services base any analysis on 6, 7 and 8 MHz carrier bandwidth for 5G Broadcast.



2.3	ACS
The way forward leaves options 2 and 3 for further discussion.
Option 2
Option 2 refers to the use of a receiving filter with 10 MHz bandwidth in the 5G Broadcast receiver. 
With a 10 MHz bandwidth filter and a 5G Broadcast signal placed at 10 MHz offset from a DTT interfering signal with 8 MHz bandwidth, the calculated ACLR of the DTT transmitter will be at least as good as the minimum specified ACLR in [4], which is 42 dB for the case of low power transmitter with non-critical mask. In these conditions, the investigations carried out in Annex A show that with an ACS of 33 dB and an ACLR of 42 dB (or more), it would be possible to have adjacent channel protection ratio as low as the value specified in [5] for DTT receivers, which is -25 dB. Note that this would be the case only for robust variants of 5G Broadcast requiring 8 dB C/N or less. For less robust variants with higher required C/N, the required adjacent channel protection ratio increases.
This is true with a 10 MHz offset. But if the offset is reduced to 8 MHz from the DTT signal, i.e. by using the same channel raster as DTT, the calculated ACLR of the DTT transmitter would not reach the specified 42 dB, as more energy will leak into the 10 MHz filter of the 5G Broadcast receiver.
Annex A evaluates the degradation of the ACLR in this case and the resulting degradation of the adjacent channel protection ratio. For a 5G broadcast Modcod with 8 dB C/N, the adjacent channel protection ratio becomes -3.6 dB (it was -25 dB with an 8 MHz channel filter). This would significantly increase the risk of impact on 5G Broadcast coverage in quite large areas around non-co-sited DTT transmitters using the first adjacent channel. Alternatively, this would increase the required separation distance between a DTT transmitter and a 5G Broadcast transmitter using adjacent channels.
Option 3
Option 3 refers to the use of a receiving filter corresponding to the channel raster (6, 7 or 8 MHz). In this case, a DTT interfering signal with 6, 7 or 8 MHz bandwidth will show an ACLR at least as good as the minimum specified ACLR of 42 dB. Like the case of Option 2 with 10 MHz channel raster, the investigations made in section Annex A show that with an ACS of 33 dB and an ACLR of 42 dB (or more), it would be possible to have adjacent channel protection ratio of -25 dB for robust variants of 5G broadcast, requiring 8 dB C/N or less. For less robust variants with higher required C/N, the required adjacent channel protection ratio increases.

Proposal:
6. Use -33 dB with frequency offset at 6, 7, and 8 MHz.
Summary
This contribution puts forward some analysis referring to the way forward [1] for the WI [2] on 5G Broadcast. The proposals are summarized as follows: 

Band Plan:

1. Already existing duplex filter components for band n71 demonstrate that similar filters are feasible. It is proposed to adopt such kind of filters in an appropriate overlapping scheme to cover the entire sub700 MHz band.
2. Deploy additional lowpass filtering to reduce the guard band between uplink in n28 and 5G Broadcast in sub700 MHz as much as possible. Aim to achieve a guard band of 9 MHz. 
3. If lowpass filtering cannot reduce the guard band to 9 MHz, then the UE shall signal to the BS that it is receiving 5G Broadcast in order not to allocate uplink resources in band n28 to the UE.


Reference Sensitivity:

4. Reference sensitivity values of -99.2, -98.5 and -97.9 should be used for 6, 7 and 8 MHz carrier bandwidth.
5. In order to ensure compatibility between DTT and 5G Broadcast in the sub700 MHz range and facilitate sharing spectrum between the two services base any analysis on 6, 7 and 8 MHz carrier bandwidth for 5G Broadcast.



ACS:

6. Use -33 dB with frequency offset at 6, 7, and 8 MHz.
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Annex A
Impact of ACLR and ACS on the adjacent channel protection ratio
This section shows the relationship between ACS, ACLR, co-channel protection ratio and adjacent channel protection ratio. It also shows the results of applying this relationship to derive the adjacent channel protection ratio for a set of ACS and ACLR values corresponding to the two options considered in the way forward on this matter. 
Relationship between the parameters affecting 
The adjacent channel Protection ratio  depends on the following parameters:
· The level of Out-Of-Band (OOB) emission of the interfering signal that falls in the channel of the wanted signal. This is represented by the ACLR (Adjacent channel Leakage Ratio)[footnoteRef:1] of the interfering transmitter. The higher the ACLR is, the lower the OOB will be and the lower the Adjacent Channel protection ratio will be. [1:  According to EN 302 396, the ACLR (Adjacent Channel Leakage Ratio) is defined as the ratio of the wanted mean power of the DVB-T/T2 signal to the unwanted mean power measured in the receiver bandwidth of a given adjacent victim service. This is in line with the definition of ACLR in 3GPP ts136101v170600p.] 

· The filtering capability of the 5G-broadcast EU to attenuate the level of the adjacent channel interference that enters the receiving circuitry. This is represented by the ACS (Adjacent Channel Selectivity)[footnoteRef:2] of the 5G-Broadcast UE. The higher the ACS is, the lower the adjacent channel protection ratio will be.  [2:  According to 3GPP ts136101v170600p, the ACS is defined as the ratio of the receive filter attenuation on the assigned frequency to the receive filter attenuation on the adjacent channel(s).] 

· The co-channel C/I or co-channel protection ratio of the wanted system, noted in the following as . The OOB emission that falls in the wanted channel of the receiver and the adjacent channel interference that has been attenuated by the ACS, both act as co-channel interferer and therefore their combined effect depends on the co-channel C/I or co-channel protection ratio of the wanted system. The higher the co-channel protection ratio is (corresponding to the use of a less robust modulation scheme), the higher the required adjacent channel protection ratio will be.

If C is the power of the wanted signal and I is the sum of the leaked Adjacent channel interference  and the attenuated adjacent channel interference , the condition for good reception is
In the linear domain:  










In the logarithmic domain:
			(Eq.1)

The same relation allows to derive the ACS value from the three other parameters, as follows:
In the linear domain





In the logarithmic domain:

			(Eq.2)

Note: This equation is used in Recommendation ITU-R BT.1368-13 - in Attachment 3 to Annex 2 (p. 68)


Derivation of adjacent channel protection ratio for specified ACS and ACLR
Using Eq.1 above, Table A1 shows the results in terms of adjacent channel protection ratio values that result from using ACS of 33 dB and ACLR of 42 dB or more. The calculation is made for a range of co-channel protection ratios.

Table A1:	Required adjacent channel protection ratio for ACS = 33 dB and ACLR of 42 		dB or more
	ACS (dB)
	33
	33
	33
	33

	ACLR (dB)
	42
	55
	51
	61

	PR0 (dB)
	PR(Δf=8MHz)
	PR(Δf=8MHz)
	PR(Δf=8MHz)
	PR(Δf=8MHz)

	0
	-32.5
	-33.0
	-32.9
	-33.0

	1
	-31.5
	-32.0
	-31.9
	-32.0

	2
	-30.5
	-31.0
	-30.9
	-31.0

	3
	-29.5
	-30.0
	-29.9
	-30.0

	4
	-28.5
	-29.0
	-28.9
	-29.0

	5
	-27.5
	-28.0
	-27.9
	-28.0

	6
	-26.5
	-27.0
	-26.9
	-27.0

	7
	-25.5
	-26.0
	-25.9
	-26.0

	8
	-24.5
	-25.0
	-24.9
	-25.0

	9
	-23.5
	-24.0
	-23.9
	-24.0

	10
	-22.5
	-23.0
	-22.9
	-23.0

	11
	-21.5
	-22.0
	-21.9
	-22.0

	12
	-20.5
	-21.0
	-20.9
	-21.0

	13
	-19.5
	-20.0
	-19.9
	-20.0

	14
	-18.5
	-19.0
	-18.9
	-19.0

	15
	-17.5
	-18.0
	-17.9
	-18.0

	16
	-16.5
	-17.0
	-16.9
	-17.0

	17
	-15.5
	-16.0
	-15.9
	-16.0

	18
	-14.5
	-15.0
	-14.9
	-15.0

	19
	-13.5
	-14.0
	-13.9
	-14.0

	20
	-12.5
	-13.0
	-12.9
	-13.0



We see from table A1 that using an ACS of 33dB allows meeting the adjacent channel protection ratio of -25dB only for robust variants of MCS, requiring 8dB of co-channel C/I or less. The Italic-bold values in the table are higher than -25 dB, therefore exceeding the DTT ETSI requirements in [5]. For an MCS requiring say 15 dB of co-channel C/I, the required adjacent protection ratio will be -17.5dB. The use of an MCS requiring 20dB of co-channel C/I would require an adjacent protection ratio of -12.5dB
Let’s consider an LTE 5G Broadcast receiver using a 10 MHz filter, as proposed in Option 2, and receiving a signal placed in a DTT 8 MHz channel raster immediately adjacent to a DTT signal. In this case the calculation of the ACLR of the DTT transmitter will change, according to its definition (see footnote 1 on page 8) “According to EN 302 396, the ACLR (Adjacent Channel Leakage Ratio) is defined as the ratio of the wanted mean power of the DVB-T/T2 signal to the unwanted mean power measured in the receiver bandwidth of a given adjacent victim service. This is in line with the definition of ACLR in 3GPP ts136101v170600p”. The receiver bandwidth being in this case 10 MHz instead of 8 MHz. 
To evaluate the change in ACLR, Figure A1 below illustrates this configuration. As it can be seen, the receiver filter will let the energy contained in the first 0.5 MHz of the adjacent channel enter the receiver bandwidth without attenuation. The new value of ACLR is obtained by calculating the ratio of the power in the interfering channel (the one centered around 0 MHz in the figure here) to the power inside the filter (centered around -8 MHz in the figure). Then, using this equivalent ACLR, we can calculate the resulting Adjacent channel protection ratio for a given ACS and for a range of co-channel protection ratios using the formula in Eq.1.
[image: ]
Figure A1: Illustration of the effect of using a 10 MHz channel filter in an 8 MHz channel raster

The blue box in Figure A1 represents a 9 MHz ideal rectangular filter (assumed to be the effective bandwidth of a filter used for a 10 MHz LTE signal. The results of calculation are as follows:
8 MHz DTT equivalent ACLR With a 9 MHz ideal (rectangular) LTE receiver filter centred on first adjacent channel for the four transmitters classes: 

Low power transmitter with non-critical ACLR of 42 dB:		11.6 dB
Low power transmitter with critical ACLR of 55 dB:		11.6 dB
High power transmitter with non-critical ACLR of 51 dB:		11.6 dB
High power transmitter with critical ACLR of 61:			11.6 dB

As it can be seen, the additional interfering energy in the 0.5 MHz due to the larger receiver filter  results in a significantly lower ACLR of the interfering transmitter (it was between 42dB and 61dB with the 8MHz channel filter). Furthermore, the energy contained in the 0.5 MHz overlapping range dominates the results independently of the transmitter class or the spectrum mask type. 
Applying the approach with the formula in Eq.1, the calculated adjacent channel protection ratios are as follows:
	ACS (dB)
	33

	ACLR (dB)
	11.6

	PR0 (dB)
	PR(Δf=8MHz)

	0
	-11.6

	1
	-10.6

	2
	-9.6

	3
	-8.6

	4
	-7.6

	5
	-6.6

	6
	-5.6

	7
	-4.6

	8
	-3.6

	9
	-2.6

	10
	-1.6

	11
	-0.6

	12
	0.4

	13
	1.4

	14
	2.4

	15
	3.4

	16
	4.4

	17
	5.4

	18
	6.4

	19
	7.4

	20
	8.4



As expected, these protection ratios increase significantly, by around 21 dB, compared to the results with ACLR of 42 dB or more. For a 5G Broadcast MCS with 8 dB C/N, the adjacent channel protection ratio becomes -3.6 dB (it was -25 dB with an 8 MHz channel filter). This would significantly increase the risk of impact on 5G Broadcast coverage in quite large areas from non-co-sited DTT transmitters using the first adjacent channel.
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image3.emf
DVB-T2 DVB-T2 DVB-T2

Fixed rooftop Handheld portable outdoor

Handheld mobile reception 

Class H-D/ integrated antenna

Frequency Freq MHz 650 650 650

Minimum C/N required by system C/N dB 19.7 9.6 10

System variant (example)

256-QAM

FEC 2/3, 32k,

PP7 Extended

16-QAM

FEC 1/2, 16k,

PP3 Extended

16-QAM

FEC 1/2, 8k,

PP2 Extended

Bit rate (indicative values) Mbits/s 35-40 12-15 11-14

Receiver Noise figure F dB 6 6 6

Equivalent noise band width B MHz 7.77 7.77 7.71

Receiver noise input power Pn dBW -129.1 -129.1 -129.1

Min. receiver signal input power Ps min  dBW -109.4 -119.5 -119.1

Min. equivalent receiver input voltage,  75 ohm Umin dBµV 29.4 19.3 19.6

Antenna gain relative to half dipole Gd dB 11 -9.5 -9.5

Feeder Loss Fl dB 4 0 0

Effective antenna aperture Aa  dBm2 -4.6 -25.1 -25.1

Min Power flux density at receiving location Phimin dB(W)/m2 -100.8 -94.4 -94.0

Min equivalent field strength at receiving location Emin dBµV/m 45.0 51.4 51.8

Allowance for man-made noise Pmmn dB 0 0 0

penetration loss (building or vehicle) Lb, Lh dB 0 0 8

Standard deviation of the penetration loss dB 0 0 2

Diversity gain Div dB 0 0 0

Location probability

%

70 70 90

Distribution factor 0.5244 0.5244 1.2816

Standard deviation 5.5 5.5 5.9

Location correction factor Cl  dB 2.8842 2.8842 7.5612

Minimum median power flux density at reception 

height

1

;  50% time and 50% locations  Phimed dB(W)/m2 -97.9 -91.5 -78.5

Minimum median equivalent field strength at 

reception height

1

;  50% time and 50% locations 

Emed dBµV/m 47.9 54.3 67.3

Location probability

%

95 95 99

Distribution factor 1.6449 1.6449 2.3263

Standard deviation 5.5 5.5 5.9

Location correction factor Cl  dB 9.04669 9.04669 13.72545

Minimum median power flux density at reception 

height

1

;  50% time and 50% locations  Phimed dB(W)/m2 -91.8 -85.4 -72.3

Minimum median equivalent field strength at 

reception height

1

;  50% time and 50% locations 

Emed dBµV/m 54.0 60.4 73.5

1

 10 m for fixed reception and 1.5 m for the other reception modes
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