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Background
In this contribution we propose 
· editorial changes in section 5.2.3,
· text on FBAR filter traces for the E850 upper sub-band,
· a clarification on the use of the table with collected data on insertion loss and isolation,
· additional background on the reference sensitivity of the upper sub-band.
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Proposal
We propose to include the text proposal below into TR 37.806.

TEXT PROPOSAL:

<start of text proposal for Clause 5.2>

5.2.3
UE duplexer filter characteristics for proposed sub-bands

The duplexer characteristics of the band are important for assessment of specific UE requirements like spurious emission and reference sensitivity as well as co-existence with other technologies. Provisional duplexer performance is given for different filter technologies: SAW that is a common technology for high-volume products and has good performance below 2.5 GHz, and FBAR/BAW that is becoming available but is more expensive. 

The results below apply for both UTRA and E-UTRA.
5.2.3.1
The range 806-[824]/851-[869] MHz

<text will be added>
5.2.3.2
The range 814-849/859-894MHz
This section contains examples pf filter traces at ambient temperature using SAW and FBAR technology, respectively.
5.2.3.2.1
Filter characteristics for SAW technology and comparison to Band 5

Insertion loss for TX and RX 

Provisional results for the attenuation from TX to antenna are shown in Figure 5.2.3.2.1-1. The red curve displays the expected performance for the new band (the blue curve frequency-shifted Band 8 filter). The green lines denote the expected specified performance accounting for temperature variations -20 C to +85 C, i.e. larger than the temperature range at ETC.


[image: image14.emf]


Figure 5.2.3.2.1-1: attenuation from TX to antenna port, results with 1 dB/div and 10 dB/div.


The corresponding provisional results for the attenuation from RX to antenna are shown in Figure 5.2.3.2.1-2.


[image: image2]
Figure 5.2.3.2.1-2: attenuation from RX to antenna port, results with 1 dB/div and 10 dB/div.

Comparison to Band5
Results for a commercially available Band 5 duplexer are given in Figure 5.2.3.2.1-3 for comparison [B5DPX].
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Figure 5.2.3.2.1-3: insertion loss and stop band rejection for a Band 5 SAW duplexer.

We observe that

· there is no significant difference in typical insertion loss according to 5.2.3.2.1-1 and 5.2.3.2.1-2 for operation in the Band 5 frequency range at ambient temperature;

· there is no significant difference for Band 19 implemented with a Band 5 duplexer;

· the influence of temperature variation (across -20 C to +85 C) is smaller for the Band 5 duplexer, the pass-band of which is narrower;

· the specified performance accounting for temperature and batch variation better for Band 5 duplexer.
Tx-Rx isolation

Provisional results for the isolation from TX to RX are shown in Figure 5.2.3.2.1-4. The green lines denote the expected specified performance accounting for temperature variations -20 C to +85 C, i.e. larger than the temperature range at ETC.

[image: image4]
Figure 5.2.3.2.1-4: TX to RX isolation, results 1 dB/div and 10 dB/div.

The isolation characteristics for a commercially available Band 5 duplexer are given in Figure 5.2.3.2.1-5 for comparison [B5DPX].
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Figure 5.2.3.2.1-5: isolation for a Band 5 SAW duplexer.

We observe 

· a similar if not slightly better isolation at RX for 5.2.3.2.1-5 compared to the provisional results in 5.2.3.2.1-4 for operation in the Band 5 range at ambient temperature.

The specified performance for isolation at RX for the range 814-849/859-894 MHz should be comparable to Band 8 performance for the SAW technology.
5.2.3.2.2
Filter characteristics for FBAR/BAW technology

Insertion loss for TX and RX 
Figure 5.2.3.2.2-1 shows provisional results for the attenuation from TX to the antenna. It is noted that the results are indicative: they are based simulations and not representing a final product. All traces are “typical” at 25 C. About 2.5 MHz allowance at either end of the pass band needs to be made for performance over temperature and process variation. Figure 5.2.3.2.2-2 shows provisional results for the attenuation from the antenna to the RX.
[image: image6.emf]
Figure 5.2.3.2.2-1: attenuation from TX to antenna for an E850 upper sub-band.
[image: image7.emf]
Figure 5.2.3.2.2-2: attenuation from antenna RX for E850 upper sub-band.

Comparison to Band 5
Figure 5.2.3.2.2-3 shows results for the attenuation from TX to the antenna for a Band 5 FBAR duplexer. The corresponding results from antenna to RX are shown in Figure 5.2.3.2.2-4.
[image: image8.emf]
Figure 5.2.3.2.2-3: attenuation from TX to antenna for a Band 5 FBAR filter.

[image: image9.emf]
Figure 5.2.3.2.2-4: attenuation from antenna to RX for a Band 5 FBAR filter.
Comparing the extended filter with the Band 5 response we observe that

· there is up to 1 dB difference in typical receiver insertion loss according to 5.2.3.2.2-2 and 5.2.3.2.2-4 for operation in the Band 5 frequency range at ambient temperature, lesser difference for mid-band operation
· there is no significant difference for Band 19 implemented with a Band 5 duplexer:
· operation in Band 18 would be more affected by the steeper edge (less for the wider bandwidths > 5 MHz);
· the influence of temperature variation (across -20 C to +85 C) is smaller for the Band 5 duplexer, the pass-band of which is narrower;

· the specified performance accounting for temperature and batch variation significantly better for Band 5 duplexer.
The SAW filter responses above displayed a slightly lesser difference at the band edges. It is noted again that the E850 FBAR data is provisional.
Tx-Rx isolation
Simulated results of the TX-RX isolation for an FBAR filter is shown in Figure 5.2.3.2.2-5.
[image: image10.emf]
Figure 5.2.3.2.2-5: isolation for an E850 upper sub-band duplexer.

Wideband response
The wideband response is also interesting for coexistence with other bands: Figure 5.2.3.2.2-6 shows the results for the E850 upper sub-band FBAR filter. The rejection is better than 30 dB for the ISM band for example (both TX and RX).
[image: image11.emf]
Figure 5.2.3.2.2-6: wideband response for an E850 upper sub-band FBAR duplexer.
5.2.3.2.3
Possible specification and comparison with other bands in the range

Provisional specifications for insertion loss and isolation over a temperature range -20 C to +85 C are given in 5.2.3.2.3-1, a larger range than that for ETC for the purpose of devising a requisite minimum requirement of the reference sensitivity. It is emphasized that the parameters in the table only constitutes part of a duplexer specification, and that other parameters like e.g. wideband response, stop-band rejection requirements and impedance matching also influence the filter characteristics near the desired transmit and receive bands. 
Table 5.2.3.2.3-1: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	
	Vendor 1 (SAW)

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	
	Vendor 2 (SAW)

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIIII/8
	2.7*
	3.5
	55
	48

	
	Vendor 3 (SAW)

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIIII/8
	3.7
	3.5
	53
	46

	
	Vendor 4 (SAW)

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIIII/8
	3.0 (CW)
	3.5 (CW)
	50 
	42

	
	Vendor 5 (FBAR)

	814-849/859-894 MHz
	[4.0]
	[4.5]
	>55
	>50

	Band V/5
	[2.0]
	[2.0]
	>55
	>50

	
	
	
	
	


Note that some of the duplexer specifications provided by the vendors (as indicated by the asterisk) are valid for a slightly reduced frequency range. [The specification points for the FBAR filter are based on the traces in the figures above and adding 2.5 MHz on either side of the nominal pass bands.]
<end of text proposal for Clause 5.2>
<start of text proposal for Clause 7.3>

7.3.2.2
Reference sensitivity

The reference sensitivity can be estimated as shown in Annex A for two different transceiver architectures that should cover the possible implementations, the minimum requirements apply for any architecture.

We begin by listing the ACLRRX values for various allocations (Table 7.3.2.2-1), a measure of the transmitter noise falling into the receive band, assuming a transmitter that just meets the minimum requirements for image and LO leakage (-25 dBc). 

Table 7.3.2.2-1 ACLRRX (dBc) for various UL allocations
	E-UTRA Band
	5 MHz
	10 MHz
	15 MHz

	5,18,19
	88.4 (25 RB)
	80 (25 RB)
	[75] (20 RB)

[74] (25 RB)


The difference between the 20 and 25 RB allocations are small for the 15 MHz bandwidth due to intermodulation products falling into the receive bands [further verification needed]. The results in the table above are applicable for both sub-bands.
7.3.2.2.1
The sub-band 806-[824]/851-[869] MHz

<text will be added>
7.3.2.2.2
The sub-band 814-849/859-894 MHz
Table 7.3.2.2.2-1 shows the reference sensitivity as obtained by assuming Band 8 baseline performance, which is used as a working assumption for the reference sensitivity of the upper sub-band. The method of calculation is described in Annex A.
Table 7.3.2.2.2-1: Reference sensitivity QPSK PREFSENS with different baseline performance

	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	
	Band 8 performance (Note 1)

	814-849/859-894 MHz
	-102.2
	-99.2
	-97
	-94
	[-92]
	
	FDD

	Note 1:  Fmax = 12 dB. 



The key difference between Band 5 and Band 8 performance is the insertion loss. The difference in insertion loss is largest at the band edges, mid-band there are only differences of a few tenths of dBs, see the example filter traces in Section 5.2.3. The specified insertion loss accounts for process variations and temperature variations causing frequency drift, and is determined by the attenuation across a range slightly wider than the passband. Data from various filter vendors are given in Table 5.2.3.2.3-1: it is assumed that the RX insertion loss for the upper sub-band allows an Fmax = 12 dB for the estimation of the reference sensitivity in Annex A. 
The working assumption also includes 10 MHz and 15 MHz performance at -94 dBm and [-92] dBm, respectively. This depends on the isolation achieved at RX for the E850 upper sub-band duplexer. 
Table 7.3.2.2.2-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 
Table 7.3.2.2.2-2: Minimum 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

	5
	6 
	15 
	25 
	251
	
	
	FDD

	8
	6 
	15
	25 
	251 
	 
	 
	FDD

	18/19
	
	
	25
	251
	251
	
	FDD

	814-849/859-894 MHz
	6 
	15 
	25 
	251
	251
	
	FDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The 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 5.6-1). 



<end of text proposal for Clause 7.3>
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