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1 Background
In this paper we discuss the sensitivity and unwanted emissions requirements for Band 22 with a 2 x 80 MHz duplex arrangement, and also look at the corresponding requirements for Band 43 that may be deployed in the same geographical area as Band 22. For FDD the requirements are based on a split duplexer solution that is possible using current technology. It is expected that a future single-duplexer solution will have improved performance. Hence the minimum requirements will not discriminate between different implementations. 

We mainly discuss E-UTRA, but similar requirements could apply for UTRA.
2 Split duplexer for 2 x 80 MHz arrangement
A 2 x 80 MHz arrangement can be feasible within the next few filter generations, but it may be safest to start defining requirements based on a split duplexer solution. One possible implementation is to cover the 80 MHz passband with two 50 MHz filters with a 20 MHz overlap as shown in Figure 1.
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Figure 1: split duplexer arrangement with a 20 MHz overlap.

The overlap is 20 MHz, which means that all E-UTRA carrier bandwidths can be supported. A possible UE implementation with a split duplexer is shown in Figure 2. This architecture is used as a baseline to discuss Band 22 requirements below. The requirements are defined as single requirements and should be met by either a split-duplexer or a single duplexer solution. 
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Figure 2: a possible split-duplexer architecture in the UE.

3 Emission limits for protection of Band 22 receive
3.1 Band 22 aggressor
First we consider a Band 22 aggressor ant the protection of its own receive band. The split duplexer solution will require relaxation of the standard -50 dBm/MHz limit in the lower part of Band 22 DL, see the sketched filter curves in Figure 1. To allow for filter roll-off for the upper duplexer, the emission limits in the lowest part of Band 22 DL could be relaxed, e.g. using the limits from the ETSI Harmonised Standard, and then require the standard -50 dBm/MHz limit for the upper part of the band coinciding with the receive band of the upper duplexer:

· -15.5 dBm/5MHz in 3510-3540 MHz

· -50 dBm/MHz in 3540-3590 MHz (receive band of the upper duplexer)
The ETSI limit is based on ECC Report 131 (2.6 GHz) and CEPT Report 39 (2.1 GHz) that recommend the same limits for compatibility between two packet-based systems. The deployment scenario at 3.5 GHz may include cell sizes smaller than that of 2.6 GHz, but we assume the limits for coexistence can be reused. 
The -15.5 dBm/5MHz limit in 3510-3540 MHz should be possible without introducing A-MPR, see e.g. [1] with results for Band 7 and Band 38 with a smaller frequency separation (5 MHz compared to our 20 MHz), and assuming we can extend the 2.6 GHz RF characteristics assumed therein to our 3.5 GHz scenario. We remark that the ETSI HS limits are used to demonstrate the concept, tighter limits may be possible for without use of A-MPR in view of the 20 MHz duplex gap.

Alternatively, A-MPR could be specified for Band 22 to reduce the emissions into 3510-3540 MHz
If a full-band duplex filter is used, the -50 dBm/MHz limit is feasible for the entire receive band of Band 22, hence the requirements above can be met for any architecture.
For protection of Band 43, the -50 dBm/MHz limit should apply: the separation between the aggressor and the victim is more than 100 MHz. There is no need to protect Band 42 that will not be used in the same geographical area as Band 22. The unwanted emissions requirements are summarized in Table 1 assuming A-MPR is not introduced:
Table 1: Requirements

	E-UTRA  Band
	Spurious emission 

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

	…
	
	
	
	
	
	
	

	22
	E-UTRA Band 1, […], 40, 43

	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	3510 
	- 
	3540
	-15.5
	5
	

	
	Frequency range
	3540
	-
	3590
	-50
	1
	

	Note 1
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

Note 2
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

Note 3
To meet these requirements some restriction will be needed for either the operating band or protected band
[…]



3.2 Band 43 aggressor
Next, for a Band 43 aggressor, the guard band to the victim Band 22 DL is 10 MHz. Due to the small frequency separation, the standard -50dBm/MHz limit cannot be met in the entire Band 22 DL. Assuming first that A-MPR is not defined for protection of Band 22, a modification of the standard protection limit is needed for the upper part of Band 22: 
· -50 dBm/MHz in 3510-3560 MHz

· -15.5 dBm/MHz in 3560-3590 MHz
using the limits of the ETSI HS. A Band 43 RF filter can be devised to improve protection, an FBAR filter response for 2.6 GHz is shown in Figure 3 (note that this is not optimized for our purpose but merely used as an example as its passband width is similar to that of Band 43), but should be scaled: a region larger than 30 MHz is needed for filter roll-off. This means that -50 dBm/MHz should be possible >30 MHz below the lower band limit of Band 43.
Alternatively, A-MPR could be specified for Band 43 to reduce the emissions into 3560-3590 MHz.
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Figure 3: filter roll-off at the lower edge of a filter for 2496-2690 MHz.
The proposed requirements are shown in Table 2 assuming A-MPR for Band 43 is not introduced:

Table 2: Requirements

	E-UTRA  Band
	Spurious emission 

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

	…
	
	
	
	
	
	
	

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 33, 34, 38, 40


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note3

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note3

	
	Frequency range
	3510
	-
	3560
	-50
	1
	

	
	Frequency range
	3560
	-
	3590
	-15.5
	5
	

	Note 1
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

Note 2
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

Note 3
To meet these requirements some restriction will be needed for either the operating band or protected band

Note 4
N/A

Note 5
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band




We also observe that for mutual protection between Band 42 and Band 43, Note 3 is applicable but should possibly be replaced by a note specifying that the coexistence assumes synchronised TDD operation between Band 42 and 43 unless other means are available. 
4 Reference sensitivity for Band 22
The reference sensitivity requirements should be specified such that it can be met by either a split-duplexer or a single duplexer solution. The duplex spacing is 100 MHz and we assume passband of around 50 MHz of the constituent duplexers as shown in Figure 1. In view of transmitter noise, one may look at Band 3 and Band 9 that has a similar spacing, and assume – as a first stab – a performance in between these bands, e.g. like Band 2. Then switching losses should be added, and 0.5 dB per switch should be possible at 3.5 GHz suggesting Band 3 performance altogether. This performance may also be reasonable for a future single-duplexer arrangement with an 80 MHz passband. 
Hence the proposed requirements for Band 22 are
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	…
	
	
	
	
	
	
	

	22
	
	
	[-97]
	 [-94]
	[-92.2] 
	[-91]
	FDD

	…
	
	
	
	
	
	
	

	42
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	43
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is 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

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


The uplink allocation for Band 22 should be similar to Band 2 and Band 3 that have a similar duplex spacing:
Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	…
	
	
	
	
	
	
	

	22
	6 
	15 
	25 
	50 
	501
	501
	FDD


We propose to keep the Band 22 limits in square brackets. The requirements for UTRA could be based on the corresponding for the E-UTRA 5 MHz channel bandwidth (for which the uplink allocation is the full 25 PRB that is slightly exceeding the UTRA bandwidth).
5 Reference sensitivity for Band 42 and 43
For specifying the reference sensitivity of Band 42 and 43 due account has to be given to the passband width. Due to its 200 MHz wide passband, the Band 43 reference sensitivity should be similar to that of Band 41. There may also be stop-band requirements. The TX path may have to be optimized for increased protection of Band 22 and rejection of spurious emission, and a required steeper response below 3600 MHz will also impact the RX path assuming used of a bi-directional front-end filter. It should be possible to use the same filter, but scaled in frequency, for Band 42 operation in countries with a TDD arrangement restricted to 3.4-3.6 GHz. Hence we propose that the reference sensitivity for Band 42 and 43 should be identical as shown in the table below.
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	…
	
	
	
	
	
	
	

	22
	
	
	[-97]
	 [-94]
	[-92.2] 
	[-91]
	FDD

	…
	
	
	
	
	
	
	

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is 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

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


The requirements for UTRA could be based on the corresponding for the E-UTRA 5 MHz channel bandwidth.
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