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1	Introduction 
In RAN#96 a new work item to define a new band for APT 600MHz has been agreed in RP-221778 [1]. It proposes to define a new band based on the B1 option in the study item 38.860 [2] using a DL frequency range from 612-652 MHz and an UL frequency range from 663-703MHz. It is proposed to use a single duplexer. This document describes some issues and proposes solutions to overcome these issues.
2 Discussion

2.1	Compatibility with n71
Millions of n71 capable devices have already been sold and available on the market. The new band will use the same frequency range as n71 but with some additional frequencies. It would be useful to define the new band in such a way, that these existing n71 devices can be used for the frequency range that is compatible with n71, but of course the additional frequency range of the new band cannot be supported by these legacy devices. Nevertheless, for operators having frequencies allocated within the n71 frequency range, the user basis would be much higher, if the existing n71 devices can be re-used. In that case they do not need to wait until the newly developed devices for this new band will have penetrated the market.
Observation 1: With a clever design of the new band, existing n71 devices can be re-used for the new band within the n71 frequency range
Observation 2: Re-using n71 devices for the n71 frequency range within the new band will accelerate the time to market of the installed base of UEs for the new band and much higher user numbers.
The frequency range of n71 is 617-652MHz for the DL and 663-698MHz for the UL, i.e. compared to the new band 5 MHz are missing at the lower end of the DL and 5 MHz at the upper end of the UL. This arrangement can be seen in figure 1:
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Figure 1: The frequency arrangement of the new band and n71
The duplex spacing of n71 is fixed at -46MHz (not taking into account asymmetric allocations which have been specified later in Rel. 16 and only apply to asymmetric allocations, not symmetric allocations). Applying the same duplex arrangement as n71 to the new band would mean, we need to pair DL channel 2 with UL channel 1, DL channel 3 with UL channel 2 up to DL channel 8 paired with UL channel 7 to get -46MHz duplex spacing. With this pairing all existing n71 devices would be able to work on all the frequencies of the new band that overlap the n71 frequency range, if the network uses MFBI (Multi Frequency Band Indicator) to advertise the network as being compatible to n71. 
Observation 3: If the new band uses -46MHz duplex spacing for the channels within the n71 frequency range and signals n71 as MFBI, all existing n71 capable devices will be able to use the network
For the additional new frequency range of the new band outside the n71 frequency range, we need another frequency separation, which is incompatible with n71 devices, but n71 devices anyway won’t be able to operate on the new channels, since the original n71 devices do not support these additional frequency ranges. If an operator uses a channel outside the n71 frequency range, we can freely define a new frequency separation between -51MHz (for example pairing DL channel 1 with UL channel 1) and -86MHz (pairing DL channel 1 with UL channel 8) using variable duplex spacing.
Observation 4: If the DL or UL frequencies cover channels outside the n71 frequency range, variable duplex spacing can be used to operate on these channels
A specification of the duplex spacing in 38.101-1 could look like this:
Table 5.4.4-1: UE TX-RX frequency separation
	NR Operating Band
	TX – RX 
carrier centre frequency
separation

	n1
	190 MHz

	n2
	80 MHz

	n3
	95 MHz

	n5
	45 MHz

	n7
	120 MHz

	n8
	45 MHz

	n12
	30 MHz

	n13
	-31 MHz

	n14
	-30 MHz

	n18
	45 MHz

	n20
	-41 MHz

	n24
	-101.5, -120.5 MHz

	n25
	80 MHz

	n26
	45 MHz

	n28
	55 MHz

	n30
	45 MHz

	n65
	190 MHz

	n66
	400 MHz

	n70
	300 MHz

	n71
	-46 MHz

	n74
	48 MHz

	n85
	30 MHz

	n91
	570 MHz – 595 MHz
(NOTE 2)

	n92
	575 MHz – 680 MHz (μ = 0)
580 MHz – 675 MHz (μ = 1)
(NOTE 2)

	n93
	517 MHz – 547 MHz
(NOTE 2)

	n94
	522 MHz – 632 MHz (μ = 0)
527 MHz – 627 MHz (μ = 1)
(NOTE 2)

	n100
	45 MHz

	n1xx
	-46 MHz (NOTE 3)
-51 MHz -  -86MHz

	NOTE 1:	Void
NOTE 2:	The range of TX-RX frequency separation given paired UL and DL channel bandwidths BWUL and BWDL is given by the respective lower and upper limit FDL_low – FUL_high + 0.5(BWDL + BWUL) and FDL_high – FUL_low – 0.5(BWDL + BWUL). The UL and DL channel bandwidth combinations specified in Table 5.3.5-1 and 5.3.6-1 depend on the subcarrier spacing configuration μ [6].
NOTE 3:	-46MHz is used for DL/UL frequency pairs within the frequency range 617-652MHz (DL) and 663-698MHz (UL), other separations are used if one or both channels are not within this frequency range.



Proposal 1: Specify a RX-TX separation of -46MHz for DL/UL frequency pairs within the frequency range 617-652MHz (DL) and 663-698MHz (UL), other separations between -51 and -86MHz are used if one or both channels are not within this frequency range.
Proposal 2: The network should use -46MHz duplex spacing and signal MBFS for n71, if the frequencies used are within the n71 frequency range to enable 

2.2	Using the same duplexer for n71 and the new band

The main argument to use the B1 variant was, that it is possible to use the same 2x 40 MHz duplexer for n71 and the new band. Additionally it may reduce the attractivity to implement the new band, if a re-use of the same duplexer for both bands would not be possible, as two separate duplexers for the two bands would mean doubling the cost and doubling the PCB size. 
Increasing the duplexer bandwidth to 2x 40MHz will result in a de-crease of the performance of the duplexer for n71. Generally we need to consider these aspects:
· Higher insertion losses due to higher bandwidth, especially at the band edges
· Less filtering against out of band signals on the RX side and out-of-band emissions on the TX side
· Due to the constantly narrow duplex gap and the wider bandwidth the isolation of the duplexer can be degraded
While most of these issues are less critical, it seems the most critical issue here is the n71 requirement to withstand a blocker below 608MHz with a level of -15dBm. As specified in 38.101-1 [3]:
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This blocking case had been specified, because in the US there are TV stations of up to 1000000W on TV channel 36 (602-608MHz). The lower end of the RX frequency range of the new band will be just 4 MHz above, so there needs to be enough rejection by the duplexer to withstand the TV signal.
The capability to withstand such a signal consists of two parts:
· The transceiver needs to be able to filter out such a strong signal. As this is very closeto the wanted signal, the RX selectivity of the transceiver itself needs to be excellent
· The filtering of the duplexer needs to be good enough, so that the LNA following the duplexer is not driven into compression and the transceiver is not overdriven by the strong interferer
Both need to be viewed in conjunction, the better the rejection of the duplexer is, the lower the blocker signal level at the transceiver input will be that the transceiver needs to be able to withstand to still reject the TV station good enough. On the other hand, the better the transceiver can withstand the blocker signal, the less rejection the duplexer needs to have.
Observation 4: The filter rejection and the blocking performance of the transceiver need to be checked together, to find out, how good the UE can withstand the TV station signal
For the duplexer the issue is that the higher the rejection below 608MHz needs to be, the higher the insertion loss will be for the lowest channel, since then the filter edge can be a bit closer to the band edge resulting in higher insertion loss and higher rejection of the TV station. On the other hand, if the Refsens on the lowest channel is specified quite tight, the rejection of the TV station will be lower. A good compromise is needed to allow a good filtering and at the same time have a reasonable Refsens performance
Observation 5: Refsens on the lowest channel of the new band and filtering against the TV station are contradicting requirements for which a good compromise needs to be found 
The study for the TV station levels have been done about 8 years ago. Since then there was no check, if the requirement is still needed. We need to check the following:
· Are there really TV stations in channel 36 with 1MW after the re-shuffling of the TV channels? A quick look at the FCC data base shows there seem to be such TV stations, so most likely we have to live with it
· Are the signal levels at the UE RX really at the high level that has been expected in the study when defining LTE band 12?
· How  large is the area where these high levels can happen and can they really be reached by users?
Proposal 3: RAN4 to study if there is still a need for such a stringent blocking requirement as specified for n71?
Proposal 4: RAN4 to study the realistically achievable blocking levels with a real baseband, transceiver, LNA and duplexer for the n71 blocking  test case in dependency on the insertion loss at the lowest RX channel

3	Conclusion

In this contribution, we share our views on the issues and the potential solutions for implementing the new band for APT 600MHz.

Observation 1: With a clever design of the new band, existing n71 devices can be re-used for the new band within the n71 frequency range

Observation 2: Re-using n71 devices for the n71 frequency range within the new band will accelerate the time to market of the installed base of UEs for the new band and much higher user numbers.

Observation 3: If the new band uses -46MHz duplex spacing for the channels within the n71 frequency range and signals n71 as MFBI, all existing n71 capable devices will be able to use the network

Observation 4: The filter rejection and the blocking performance of the transceiver need to be checked together, to find out, how good the UE can withstand the TV station signal

Observation 5: Refsens on the lowest channel of the new band and filtering against the TV station are contradicting requirements for which a good compromise needs to be found 


Proposal 1: Specify a RX-TX separation of -46MHz for DL/UL frequency pairs within the frequency range 617-652MHz (DL) and 663-698MHz (UL), other separations between -51 and -86MHz are used if one or both channels are not within this frequency range.

Proposal 2: The network should use -46MHz duplex spacing and signal MBFS for n71, if the frequencies used are within the n71 frequency range to enable 

Proposal 3: RAN4 to study if there is still a need for such a stringent blocking requirement as specified for n71?

Proposal 4: RAN4 to study the realistically achievable blocking levels with a real baseband, transceiver, LNA and duplexer for the n71 blocking  test case in dependency on the insertion loss at the lowest RX channel
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Table 7.6.2-2: In-band blocking for NR bands with FpL_nigh < 2700 MHz and FuL_nigh < 2700 MHz

NR band Parameter Unit Case 1 Case 2 Case 3 Case 4
Pinterferer dBm -56 -44 -15 -38
Finterferer (Offset) MHz -BWchannel/2 — < -BWchannel/2 — -BWchannel/2-11
Fioffset, case 1 Fioffset, case 2
and and
BWchannei/2 + 2 BWchannel/2 +

Fioffset, case 1 Fioffset, case 2
n1,n2,n3, | Finterferer MHz NOTE 2 FoL_low — 15
n5, n7, ng, to
n12, n13, FoL_nigh + 15
n14, n18,
n20, n24,
n25, n26,
n28,n34,
n38,n39,
n40, n41,
n483, n50,
n51, n53,
n65, n66,
n67, n70,
n74, n75,
n76, n85,
n91, n92,
n93, n9%4,
n100,
n101
n30 Finterferer MHz NOTE 2 FoL_low— 15 FoL_tow— 11

to
FoL_nigh + 15
n71 Finterferer MHz NOTE 2 FoL_low— 12 to FoL_tlow — 12
FoL_nigh + 15

NOTE 1: The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to

NOTE 2:

NOTE 3:

(17 sccin|/ SCS |+ 0.5)SCS a7 with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer

is an NR signal with 15 kHz SCS.

For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWchannel/2 —
Fioffset, case 1; b: BWchannel/2 + Fioffset, case 1
n48 follows the requirement in this frequency range according to the general requirement defined in Clause

71.
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