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Introduction
In Release 18 WI on APT 600MHz NR band [1], the objective is to specify based on option B1 (663-703NHz UL, 612-652MHz DL) supported by a full band duplexer. In this contribution we discuss the required attenuations on DTT channel 36 to enable support of band n71 and its impact on duplexer performance and REFSENS.
Discussion
Support of n71 with the APT600 full band duplexer
One of the key aspects of the design of the APT600 B1 full band duplexer, especially for low-cost designs, is the possibility to reuse the same duplexer to support band n71 for roaming or WW phone implementation. As discussed in the study TR [3], the support of a full band duplexer is already challenging due to the large BW and small duplex gap, but moreover due to the need to suppress DTT very strong transmitter signal only 4MHz below the DL band. This puts strong rejection requirements on both side, of the Rx filter which can only be fulfilled at the expense of additional RX insertion losses.

Before digging into the filter performance, let’s have a look at the requirements for a UE to declare support for band n71 with an APT600 B1 full band duplexer:
· Support NS35 in UL (SEM/A-MPR) and DL (REFSENS)
· The n71 REFSENS should be fulfilled (Table 1a and 1b)
· Rx filter insertion losses should not degrade in the 617-652MHz range
· Tx-Rx isolation should not degrade in the 617-652MHz range
Table 1a: REFSENS level for n71
	[bookmark: _Hlk78840273]Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	-84.1
	-82.5
	-80.7

	
	30
	
	-94.3
	-91.9
	-87.4
	-84.2
	-82.6
	-80.8


Table 1b: UL configuration for REFSENS
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	Duplex Mode

	n71
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.


· The n71 modified case 3 blocking should be fulfilled (Table 2a and 2b)
· Rx filter rejection should not degrade in the 600-605MHz range
Table 2a: in-band blocking interferer definition
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	5, 10
	15 
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration3
	dBm
	REFSENS + 6 dB
	REFSENS + 7 dB
	REFSENS + (9 + 10log10(BWChannel /20)) dB 

	BWinterferer
	MHz
	5

	FIoffset, case 1
	MHz
	7.5

	FIoffset, case 2
	MHz
	12.5

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.
NOTE 2:	The interferer consists of the RMC specified in Annexes A.3.2.2 and A.3.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1 and 15 kHz SCS. 
NOTE 3:   10log10(x) is rounded to the next higher 0.5dB value.


Table 2b: n71 specific case 3 in-band blocking
	NR band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	Pinterferer
	dBm
	-56
	-44
	-15
	-38

	n71
	Finterferer
	MHz
	NOTE 2
	FDL_low – 12 to FDL_high + 15
	FDL_low – 12
	

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.


· The critical n71 related band protections (Table 3) should be fulfilled: band n85 DL but more importantly SDL band n29 which is only 14MHz above APT600 UL band, and 19MHz above highest UL channel of 20MHz
· APT600 UL band filter ACLR2 interference rejection should be enough to fulfil band-protection level of -38dBm/MHz
Table 3: n71 band protection for neighbor bands
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n71
	E-UTRA Band 4, 5, 12, 13, 14, 17, 24, 26, 30, 48, 53, 66, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25, 41, 70,
NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 29
	FDL_low
	-
	FDL_high
	-38
	1
	15

	
	E-UTRA Band 71
	FDL_low
	-
	FDL_high
	-50
	1
	15

	NOTE 1:	FDL_low and FDL_high refer to each frequency band specified in Table 5.2-1 in TS 38.101-1 or Table 5.5-1 in TS 36.101
NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x RBsize kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.


· The critical n71 related CA/DC inter-band combinations need to be feasible
· CA_n12-n71 (1UL): APT600 UL band overlaps with n12 UL
· will require specific approach but not that different to n71 as there is anyhow only a 1MHz gap
· CA_n28-n71 (1UL): APT600 UL band abuts to n28 UL
· will require specific approach but not that different to n71 which has only 5MHz gap
· CA_n29-n71 (1UL): APT600 UL band is 14MHz away from n29
· Strong tri-plexing requirement to meet 17.5dB MSD in ACLR2/3 region
· DC_5_n71, DC_71_n5, DC_13_n71 (2UL)
· Strong quad-plexing requirement for nearby band 13

From the list of requirements above, it is clear that, not only is the APT600 duplexer one of the most demanding LB cases, but also, in order to enable the support of n71, heavier constrains apply out of band for both the Rx and Tx filters.

The possibility to co-band n71 and APT600 is essential for the size and cost of UEs that will support both bands for roaming and/or world-wide skew. In [2], there was an assumption that >20dB rejection would be feasible by the full band APT600 duplexer for the entire DTT channel 36. But, as shown in [3] this can only be achieved by new technologies and not by the state-of-art technologies used for low-cost phones. In any case, the DTT interference study in [2] assumes a 20dB reduction in DTT signal power which means that the filter would only need to achieve 20dB rejection integrated over the 6MHz DTT channel.

Nevertheless, to achieve the overall performance requirements for APT600, band n71 CH36 rejection and CA_n29-n71 MSD, on top of large bandwidth, small gap duplexing support, both the RX and TX filters need to provide close by OOB rejection. This can only be achieved with state-of-the-art duplexer technology by allowing higher insertion loss in the first 5MHz of DL APT600 band and in the top 5MHz of the UL band compared to the baseline band n71 duplexer performance.

For additional losses in the 5MHz of the UL band, there is no impact to the specification as this can be handled by the PA power control and the PCmax tolerances. Also, the Tx filter has rejection requirements at 15MHz offset while Rx filter requires significant rejection at 4MHz offset.

To account for the additional losses in the Rx path, we propose that the n71 REFSENS is reused but additional relaxation is specified for DL channels overlapping the 612-617MHz range. With our current evaluation, the 5MHz channel REFSENS should get close to 1dB relaxation while larger channel bandwidths can probably be feasible with a 0.5dB relaxation.

It should be noted that, even without the band n71 support, similar relaxations would have been needed:
· For APT600 as the DTT 6MHz CH36 may exist in part of Asia and other DTT systems will also be present nearby: 7MHz channels will be at 2 or 9MHz offset and 8MHz channels will be at 6MHz offset
· Other bands may need protection above the UL band (n28DL) and other LB/LB CA involving APT600 may be specified in the future
APT600 REFSENS with support of n71 implementation
Based on the above discussion we propose to specify APT600 REFSENS as follows.
Proposal on APT600 REFSENS: 
· REFSENS Tables 4a and 4b are adopted
· It may be further studied if REFSENS degradation can be optimized for bandwidths >15MHz as it already accounts for 20MHz UL related de-sense.
Table 4a: REFSENS level for APT600 band
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	APT600 (n10X?)
	15
	-97.2X
	-94.0Y
	-91.6Y
	-86.0Y
	-84.1Y
	-82.5Y
	-80.7Y

	
	30
	
	-94.3Y
	-91.9Y
	-87.4Y
	-84.2Y
	-82.6Y
	-80.8Y

	Note X:	5MHz channels overlapping the 612-617MHz range are allowed [1]dB REFSENS degradation
Note Y:	>5MHz channels overlapping the 612-617MHz range are allowed [0.5]dB REFSENS degradation


Table 4b: UL configuration for REFSENS
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	Duplex Mode

	APT600
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	FDD

	(n10X?)
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.


Maximum UL and DL channel bandwidth
As already Stated in the WI [1], UL CBW is limited to 20MHz and DL CBW is limited to 35MHz.
It is important to keep these assumptions in order to maintain the schedule and the focus of introducing APT600 band:
· UL CBW> 20MHz will result in very large de-sense and require further studies compared to n71 baseline
· DL CBW at 40MHz even with 20MHz UL will:
· Result in very large de-sense and thus may not provide better DL throughput than 35MHz
· Will require further studies compared to n71 baseline
· Does not allow dual 35MHz duplexer option
· Can anyhow be added later in the scope of the new CBW basket

Proposal: 
· To keep the APT600 band introduction on target, the UL maximum CBW and DL maximum CBW of 20MHz and 35MHz respectively should not be increased within the WI
· Larger UL and DL CBW may be added in the future via the R18 new CBW basket immediately after the APT 600MHz WI is finalized
Conclusions
In this contribution, we provide our view on the impact on APT600 duplexer design and performance of supporting band n71, DTT channels and coexistence/CA with neighbor bands. To accommodate these additional requirements, we propose to reuse band n71 REFSENS with relaxation for the channels overlapping the first 5MHz.

Proposal on APT600 REFSENS: 
· REFSENS Tables 4a and 4b are adopted
· It may be further studied if REFSENS degradation can be optimized for bandwidths >15MHz as it already accounts for 20MHz UL related de-sense.
Table 4a: REFSENS level for APT600 band
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)

	APT600
(n10X?)
	15
	-97.2X
	-94.0Y
	-91.6Y
	-86.0Y
	-84.1Y
	-82.5Y
	-80.7Y

	
	30
	
	-94.3Y
	-91.9Y
	-87.4Y
	-84.2Y
	-82.6Y
	-80.8Y

	Note X:	5MHz channels overlapping the 612-617MHz range are allowed [1]dB REFSENS degradation
Note Y:	>5MHz channels overlapping the 612-617MHz range are allowed [0.5]dB REFSENS degradation


Table 4b: UL configuration for REFSENS
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	Duplex Mode

	APT600
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	FDD

	(n10X?)
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.



We also discuss the current WI maximum UL and DL channel and propose to stick to those in the scope of the WI.

Proposal: 
· To keep the APT600 band introduction on target, the UL maximum CBW and DL maximum CBW of 20MHz and 35MHz respectively should not be increased within the WI
· Larger UL and DL CBW may be added in the future via the R18 new CBW basket immediately after the APT 600MHz WI is finalized
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