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<< Start of changes >>
8
Study of E-UTRA specific issues
8.1
UE duplexer
From [R12-WP5D-C-0290!!-E], following ITU and CITEL recommendations, the D10 frequency arrangement of Recommendation ITU-R M.1036-4 (451-458 MHz uplink, 461-468 MHz downlink) is being considered in Brazil as shown in Table 8.1-1.

Table 8.1-1: ITU-R D4 and D10 frequency arrangements in the band 450-470 MHz
[image: image1.emf]Frequency arrangements

Mobile station transmitter 
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Base station transmitter 

(MHz)

Duplex separation        

(MHz)

Un-paired spectrum      

(e.g. for TDD) (MHz)

D4 452.500-457.475 5.025 462.500-467.475 10 None

D10 451.000-458.000 3 461.000-468.000 10 None


From [R4-132021], however, a modified D4 arrangement was proposed as a starting point for LTE450 operation in Brazil in order to specify the BS and UE requirements as shown below in Table 8.1-2

Table 8.1-2: LTE450 proposed band arrangement [R4-132021] 
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive / UE transmit
	Downlink (DL) operating band
BS transmit / UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	[31]
	452.5 MHz – 457.5 MHz
	462.5 MHz – 467.5 MHz
	FDD


This proposed LTE450 band is similar but not identical to CDMA band class 5 sub-bands A which is based on ITU D4 band arrangements. Therefore, in our analysis, we have evaluated the performance of a CDMA band class 5 sub-band duplexer(s) in order to determine the expected duplexer performance which can be used to determine the RX and TX performance for LTE450 UE.  Duplexer simulation results for LTE band [31] are also provided.
8.1.1
CDMA band class 5 sub-band duplexer Performance Summary 

In order to determine reasonable SAW duplexer performance parameters for use in further analysis data sheets from two 450MHz sub-band A SAW vendors were examined.  The vendors are labelled A and B 

Table 8.1-3: Duplexer TX-to-ANT Specifications
	TX TO ANT

	 
	A
	B

	Insertion loss [dB]
	Typical 
	2.6
	2.2

	
	Worst case
	3.8
	3.2

	TX rejection [dB]
	Typical 
	56
	60

	
	Worst case
	40
	40


Table 8.1-4: Duplexer ANT-to-RX Specifications

	ANT TO RX

	 
	A
	B

	Insertion loss [dB]
	Typical 
	3
	2.9

	
	Worst case
	4
	3.7

	RX rejection [dB]
	Typical 
	54
	62

	
	Worst case
	47
	48


Table 8.1-5: Duplexer TX-to-RX Rejection 

	TX TO RX

	 
	A
	B

	Rejection [dB]
	Typical 
	55
	65

	
	Worst case
	42
	54


The following figure shows a typical SAW duplexer frequency response.  The recommended worst case TX-to-RX rejection is plotted for reference.  This recommendation considers the temperature drift of typical SAW filters.  
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Figure 8-1: Typical Duplexer Frequency Response

NOTE:
The requirements for RX sensitivity are based on R4-132787
8.1.2
Duplexer simulation for LTE 452.5 – 457.5 / 462.5 – 467.5 MHz

Simulation results from three filter vendors are provided below.  

Table 1.  Duplexer simulation results

	Parameter
	Vendor A
	Vendor B
	Vendor C
	Average

	Rx IL
	4.2 dB
	3.7 dB
	39 dB
	3.9 dB

	Tx Isolation
	53 dB
	55 dB
	54 dB
	54 dB

	Rx Isolation
	43 dB
	46 dB
	43 dB
	44 dB


8.2
UE transmitter requirements
8.2.1
Maximum output power

We anticipate that the LTE 450 UE will be a class 3 device with maximum output power +23 dBm ± 2dB.  Maximum output power is a critical parameter considering the intended use of this band for rural coverage.  A higher power CPE device is out-of-scope of this work item.  For UL-MIMO, we assume the same output power requirements as for other bands can also be met in this band if UL-MIMO is supported in the device.
8.3
UE receiver requirements

8.3.1
Self interference only aspects

The ITU/CITEL D10 frequency arrangement will be extremely challenging to provide the necessary TX-RX duplexer isolation so as to avoid receiver self interference due to the small duplex gap and reduced TX-RX spacing (10MHz).  
In this clause we look at the impact of full RB and partial RB allocated to UL transmitter assuming the D10 frequency arrangement with two values of TX –RX isolation. In our analysis we considered the Tx /Rx configuration as shown in Figure 8.3.2-1below 
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Figure 8.3.2-1: Tx – Rx configuration
Assumptions;
-
Same maximum UL and DL channel bandwidth 

-
Full resource block (RB) allocation is being received in the DL as per RAN4 assumptions

-
TX RB allocation starting from worst channel edge in the UL as per RAN4 assumptions

-
TX –RX duplex spacing of 10MHz as per ITU D10 frequency arrangement 
-
UE is transmitting at maximum power (23 dBm) 

-
PA PSD simulation of spectrum assuming 33dB UTRA ACLR

-
LO and Image of -28dBc 

-
Duplex filter TX to RX isolation of 50dB (handset –SAW filter) and 80dB (For large size CPE/WLL - Ceramic filter) 
-
Transmitter to diversity antenna port isolation of 6 dB (handset) and 10-15dB (CPE/ WLL) 

-
Desense is referenced to RX main antenna port only

a)
Full RB allocation for 3MHz (maximum 15 RB) and 5MHz (maximum 25 RB) channel bandwidth 

Figure 8.3.2-2 shows the TX–RX duplexer isolation needed for main receiver for the allowed maximum UL transmission configuration for 3/5MHz channel bandwidth.
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Figure 8.3.2-2: channel bandwidth / Duplex TX-RX isolation / Rx self desense

These results for the required TX -RX duplex isolation are summarized in Table 8.3.2-1 for the receiver 1dB and 3dB desense case
Table 8.3.2-1: TX -RX Duplex isolation
[image: image5.emf]Channel  bandwidth  Full  RB allocation (RB)  Tx  - Rx Duplex  isolation for  

  1dB desense   3 dB desense   

3MHz  15  78 dB  77 dB  

5MHz  25  85 dB  82 dB  

 


This analysis only considers the impact on the main RX1 port.  Results, taking into account the RX2 diversity port, will be expected to be better, however, the improvement in a real deployment may be limited by the smaller isolation (6dB) for TX –RX2 (diversity port) due to hand and body coupling. In the case of a fixed device or CPE/WLL deployment we could expect to see much larger isolation for the TX –RX2 (diversity port) due to the larger form factor and lack of hand/body coupling effects. 

Our studies have considered both a CDMA 450MHz sub-band A duplexer filter which can provide a 45-50dB of TX-RX isolation and a CDMA 450MHz ceramic duplexer filter which is able to offer an 80dB+ value of TX-RX isolation. The ceramic filter due to its larger size would be more applicable for a large size  fixed CPE/ WLL type terminal implementation but has the benefit meeting the required TX-RX isolation needed to minimize self interference for full RB allocation.
Figure 8.3.2-3 shows the typical noise ingress assuming A CDMA sub-band A SAW duplex filter (50dB TX-RX isolation) and a ceramic duplexer (80dB of TX-RX isolation) for 3/5MHz channel bandwidth operation. The TX operation band is 452.5-457.5MHz and the RX band is 462.5-467.5MHz is shown below 
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Figure 8.3.2-3: Example CMA 450 sub-band-A SAW and a Ceramic duplexer for 5MHz 
b)
Partial UL RB allocation for 3MHz and 5 MHz channel bandwidth operation 

In the case of a SAW filter implementation, if the transmitted configuration is reduced by limiting the number of UL resource blocks (RB) then the TX noise and OOBE into the RX band will be expected to decrease. 
Table 8.3.2-2 shows the large reduction in RB allocation needed to meet a 1dB desense criteria for the RX sensitivity assuming 50 dB of TX – RX duplex isolation for a TX- RX spacing of 10 MHz 

Table 8.3.2-2: UL configuration for RFSENS with TX- RX spacing of 10 MHz

	Channel bandwidth 
	Maximum UL (RB)
	Partial UL RB allocation (RB) for 1 dB desense

	3MHz
	15
	[6] RB

	5MHz
	25
	[5] RB


This indicates that partial [5/6] RB allocation can be used to mitigate the effect of sub-optimum TX-RX isolation to limit the desense impact on the receiver sensitivity but would mean a reduction in the UL peak throughput at the cell edge for a SAW duplexer implementation 

The above analysis is only focused on the self interference due to duplexer performance limitation. However, it is worth noting that there are other UE impairments such as IP2, phase noise reciprocal mixing, etc which need to be considered in deriving the UE receiver sensitivity.
To minimize the impact of Tx noise on reference sensitivity, the uplink configuration is reduced when the duplex separation is small.  Furthermore, the location of uplink allocation for reference sensitivity may be adjusted to avoid CIM5 spurious terms corrupting the reference sensitivity measurement.  We estimate that the uplink configuration as shown in Table 8.3.2-3 below

Table 8.3.2-3.  Restricted uplink size to minimize spectral regrowth

	
	Uplink RB restriction

	1.4 MHz
	6.4 → 6 RB

	3 MHz
	5.2 → 5 RB

	5 MHz
	3.9 → 3 RB


We observe that the resulting uplink allocations are very small due to the small duplex separation for this band.  In fact, we believe that such small allocations as small as 3 RB are not well modeled.  For example, it was indicated in previous discussions that reducing the uplink allocation beyond a certain point may not achieve the expected decrease in emissions.  Thus, even with the uplink allocations as shown above, the Tx spectral leakage may play a non-trivial role in reference sensitivity.  Moreover, we note that there are no bands today with reference sensitivity uplink allocations smaller than 10 RB, even in the case of CA_25A-25A.  We therefore propose that the uplink allocation for reference sensitivity be fixed to 5 RB (rather than 3 RB) for the 5 MHz channel bandwidth.

As we have seen, due to the small Tx-Rx separation for this band, particular attention must be paid to spurious products from the transmitter leaking into the receiver.  Tx PA spectral regrowth is largely controlled by reducing the size of the uplink allocation, but CIM5 and other baseband harmonic interference terms must also be controlled since these will also corrupt the reference sensitivity measurement.  We therefore propose the following uplink configuration for reference sensitivity

Table 8.3.2-4.  Uplink configuration for reference sensitivity

	
	Uplink L_CRB
	Uplink RBstart

	1.4 MHz
	6
	0

	3 MHz
	5
	9

	5 MHz
	5
	10


As usual for reference sensitivity, all downlink RB's will be allocated and the uplink will be transmitted at PUMAX.  One additional challenge this brings is that the uplink will be transmitted without MPR due to the small size of the allocation.  Thus, the noise may be higher and this should be taken into consideration.

8.3.2
Other contributing factors
Besides Tx spectral regrowth and Tx baseband harmonics and spurious products, other factors also contribute to reference sensitivity degradation for bands with closely spaced Tx and Rx such as this one.  As was discovered during CA_25A-25A studies, the LO phase noise, reciprocal mixing, and receiver second order linearity also play significant roles.  Of course, as with any other band, but even more important for this one, the duplexer performance is critical.  A reference sensitivity analysis was conducted with the following assumptions

Table 8.3.2-5.  Parameter assumptions for refsens analysis

	Parameter
	Value

	Rx IL
	3.9 dB

	Rx isolation
	44 dB

	Tx isolation
	54 dB

	LNA NF
	5 dB

	Rx IIP2
	36 dB

	Rx LO phase noise
	-142 dBc/Hz

	PA spectral regrowth at PA output
	-117 dBm/Hz

	Antenna isolation
	10 dB


Based on this analysis, it is estimated that the following value of reference sensitivity can be achieved

Table 8.3.2-6.  Reference sensitivity estimate

	
	Reference sensitivity value

	1.4 MHz
	-99.0 dBm

	3 MHz
	-95.7 dBm

	5 MHz
	-93.5 dBm
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