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1 Introduction
In this contribution we discuss possible changes to the 3GPP standards for Band 12 to facilitate coexistence with adjacent services. We focus on changes other than the +1 MHz change of the Band 12 lower frequency limit, which is included in [1] and in many documents presented at the RAN4 Band 12 AH meeting. Most of the material below was presented in [2].
2 Change Band 12 lower frequency limit to create 1 MHz guard

Separating the victim Band 12 channel from adjacent interferers in Blocks D and E is one method if improving rejection of blockers and reduce the OOB emission from the interferer, the former the most obvious. This is the first method listed in the way-forward document from the RAN4 Band 12 AH meeting [1]. If the 1 MHz guard band is agreed amongst Band 12 stakeholders, the lower frequency limit of Band 12 can be changed (possible as there are no UE(s) in the field) to enable increased filter rejection in adjacent blocks. The UTRA Band XII should then also be changed. 

3 Modifying the Band 12 reference sensitivity

The rejection of adjacent blocking signals can also be improved by requiring increased stop-band attenuation for Blocks D and E but at the expense of the insertion loss in the receive band. An increased IL of the duplexer implies the same degradation of the receiver noise figure, hence a degraded sensitivity. Conversely, a modified minimum requirement for Band 12 will allow a steeper filters response. Thus increased blocker suppression is obtained at the expense of (slightly) reduced sensitivity performance. Note that this is independent of the change of the lower frequency limit of Band 12.
3.1 Comparison of different duplexers: stop-band rejection and IL

To illustrate the above, we compare the filter response for the Band 17 filter used for the measurements presented in [2], but not optimised for stop-band rejection, to that of an optimised Band 12. We observe the usual compromise between insertion loss and stop-band rejection: the insertion loss for the latter is higher. Both of these duplexers are of SAW type.
Consider the receive band first. Figure 1 shows the filter response of the Band 17 SAW duplexer, the traces are obtained at 25 C. The rejection for the 6 MHz block adjacent (A) to the receive band is limited, the average attenuation is 2.7 dB at 25 C, whereas improved rejection is achieved in the next 6 MHz block (E). The insertion loss in the receive band is around 1.5 dB and lesser (typical). 
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Figure 1: performance of the Band 17 duplexer used in the measurements presented in [2].

Figure 2 shows the response of a Band 12 duplexer designed for rejection of blockers in Blocks D and E (a pre-commercial sample of the filter, hence not the final product). We observe that the filter slope is steeper below the receive band (728-746 MHz). The RX output is balanced in this implementation so the measured values should be adjusted by +3 dB.

[image: image2]
Figure 2: filter response for a Band 12 duplexer providing increased stop-band rejection.

The insertion loss in the receive band is around -3 dB (3.3 dB according to the filter spec at 25 C, the maximum is 4.5 dB). Thus the insertion loss is > 1.5 dB higher than for the Band 17 duplexer above, but the average rejection across Block E adjacent to the receive band is increased to 7.5 dB/6 MHz, hence a 5 dB improvement.
If a 1 MHz guard is introduced and the filter response is shifted +1 MHz, the average Block E rejection increases to 9.5 dB/6 MHz, a further improvement would be achieved. 
Next we turn to the transmit band. Zooming in to view frequencies close to the transmit band, Figure 3 shows the attenuation ANT(TX for the optimized duplexer. The rejection is considerably higher for interferers falling within Channel 50 (686-692 MHz), but is limited for Channel 51: a 1 MHz guard (frequency shift of the filter) would make no difference on the transmit side for this implementation just as for the above Band 17 filter. 
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Figure 3: the response of the Band 12 TX duplexer just below the transmit band.

FBAR/BAW filters can provide further increased stop-band rejection, but is more expensive (today) for lower frequencies. Figure 4 shows a simulation (not a final product) of FBAR performance for Band 12 across a temperature range -20 C to +80 C and including process variations (the dash-dotted boxes). The traces indicate the performance at nominal room temperature. From this filter simulation, it is evident that a +1 MHz shift (guard band) would only give a smaller effect in terms of rejection of a blocking signal in Block E, but the filter has not been optimized for Block E rejection. We emphasize that all observations above are based on a small number of implementations and other design choices are possible.
[image: image4.emf]
Figure 4: FBAR simulated traces for Band 12.
Summing up, we note that an increase of the IL of about 1.5 dB can be traded for an increased average Block E suppression of about 5 dB using the optimised SAW. The Band 12 sensitivity requirements are challenging already due to the 30 MHz duplex spacing, so increased stop-band rejection could be accommodated by changing the REFSENS +1 dB as shown in the Table 1 below. The change may appear questionable in itself, but could in fact improve network performance in the neighbourhood of BC blockers (or any other interferer in Blocks D or E). 
Table 1 (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

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-100.7
	-97.7
	-96
	-93
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-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 of Band 3 + 0.5 dB is applicable for band 9



The blocker suppression of high-Q FBAR duplexers will be higher, possibly also at a slightly lesser penalty on the insertion loss. However, the specification changes should make room for improvements using conventional high-volume technology. 
4 In-band blocking requirement to handle interferers in Block D

In any event, the basic blocking performance supplied by any type of duplexer technology could be verified by introducing an in-band blocking requirement for Block D. This would ensure basic system performance in Band 12 in the presence of low-power broadcast interference. The measurement results in [2] indicate that blocker levels up to -30 dBm can be tolerable with a 6 MHz guard for the DUT tested.
In particular, it is proposed to use the concept of the Case 3 in-band blocking test for Band 17 but only allow interferer frequency at F_DL_low – 10 MHz, the middle of Block D for the interferer (assuming a +1 MHz change of the Band 12 lower frequency limit, F_DL_low – 9 MHz with the current Band 12). A high blocker level for a modulated Block E interferer is not possible for Band 12 as indicated in the measurements above; the Block A works as a guard in the corresponding Band 17 case. Table 3 shows the propose changes for the core specification. 
The interferer level of -30 dBm test point is tentative: the Band 12 duplex arrangement is more challenging than the Band 17 counterpart. If the proposed blocking case for Band 12 is combined with a change of the reference sensitivity (steeper filters can be used), a -30 dBm level would be more viable.
Table 2 (Table 7.6.1.1-2 in TS 36.101): In-band blocking

	E-UTRA band
	Parameter
	Units
	Case 1
	Case 2
	Case 3
	Case 4

	
	PInterferer
	dBm
	-56
	-44
	-30
	[-30]

	
	FInterferer

(Offset)
	MHz
	=-BW/2 - FIoffset, case 1
&

=+BW/2 + FIoffset, case 1
	( -BW/2- FIoffset, case 2
&

( +BW/2 + FIoffset, case 2
	-BW/2 – 9 MHz

&

-BW/2 – 15 MHz
	-BW/2 – 10 MHz



	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,, 13, 18, 19, 20, 21, 33,34,35,36,37,38,39,40
	FInterferer
	MHz
	(Note 2)
	FDL_low    -15

to

FDL_high  +15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low    -[10.0]
to

FDL_high  +15
	
	FDL_low  -10.0  (Note 3)

	17
	FInterferer
	MHz
	(Note 2)
	FDL_low    -9.0

to

FDL_high  +15
	FDL_low   -15

and

FDL_low  -9.0  (Note 3)
	

	Note

1
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band.

2
For each carrier frequency the requirement is valid for two frequencies:

a. the carrier frequency -BW/2 -FIoffset, case 1 and

b. the carrier frequency + BW/2 + FIoffset, case 1.

3
Finterferer range values for unwanted modulated interfering signal are interferer center frequencies.

4
Case 3 and Case 4 only applies to assigned UE channel bandwidth of 5 MHz.


No specific in-band requirement is proposed for interferers in Block E: we have to rely on the existing requirements for the selectivity as discussed in [2]. The interferer level in the standard ACS is -97 dBm + 45.5 dB = -51.5 dBm at a received level of REFSENS + 14 dB (the in-band requirement is specified at REFSENS + 6 dB). Hence the UE should be able to handle interferers exceeding -60 dBm at lower wanted signal power levels according to the minimum performance requirements for the ACS. Nevertheless, a Block D in-band requirement would also imply some duplex suppression across Block E (cf. the optimised SAW duplexer above).
5 Proposal

In order to improve Band 12 operations in the presence of Block D and E interferers we propose to consider the following changes to the core specifications:
· change the Band 12 lower limit by +1 MHz if all Band 12 stakeholders agree, both for E-UTRA and UTRA

· modify REFSENS for Band 12 by +1 dB to allow optimised filter solutions with increased stop-band rejection using both SAW- and BAW technologies
· introduce an IBB blocking requirement to verify basic duplexer suppression of interferers in Block D

The first two items are independent. A draft CR for the change of REFSENS for E-UTRA is attached (the same change can also be considered for UTRA). 
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