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1 Introduction

In RAN#68 the new SI for B20 + B28 (EU lower duplex) was approved, RP-151101.  This is a difficult and at the same time interesting CA combination as it can give higher data-rates to rural and difficult areas. This input analyses the UE receiver possibilities in order to aggregate these bands.
2 UE filter combiner
The table and figure below gives the spectrum situation for the B20+ B28 (lower duplexer) CA.

Table 2-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-28
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	28 

lower duplex
	703 MHz
	–
	733 MHz
	758 MHz
	–
	788 MHz
	


Note: Band 28 is defined from: UL 703 to 748 MHz and DL 758 to 803 MHz.
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Figure 2-1: Spectrum overview with B20 and B28 (lower duplex)
2.1 Filter combiner considerations
The relative bandwidths of B20 and B28 (lower duplex) are given in the table below. The standalone duplexer versions of these two bands are within 1% to ~4% which is manageable with acoustic filter. New materials for BAW and FBAR have been able to extend the relative native BW up to 6%. Adding L and C structures to the “native” BW can further extend the BW but sacrifice OOB ISO. B28 has to follow also broadcast protection from 470 to 694 MHz with -42 dBm/8MHz
For the CA of these two bands we may consider the following options:

1) Quadplexer implementation

For a combined quadplexer implementation the problem is the small 3 MHz gap between the DL receive bands. Due to temperature drift the filters will interact with each other which make the implementation difficult. Temperature compensated filters may improve the situation on temperature drift and filter interaction. This solution is although very questionable to be available with the required performance in the next few years.
2) Separate antennas for the two bands
At low-low bands the antenna ISO may be just 10 dB. That may be not sufficient and would also add the complexity of increased form-factor by using more antennas.
3) Duplexer/Triplexer implementation with combined Rx for B20 and B28 (lower duplex)
Another possible implementation is to combine the DL receive bands with one filter (non-contiguous CA). The relative passband for this is 8% which requires state-of-the-art filter technology.  Bands with comparable relative passbands are:

· B41 (TDD) with 7.5% or 
· The currently discussed LAA band (14%). We observe that for LAA major vendors see the filter implementation as feasible, see R4-152542.
For filter relative bandwidths > 4% acoustic filter need special considerations. The B41 filter is such a filter where SAW bandwidth is extended using special design. ISO to own or other bands typically > 45 dB will be a challenge and has to be checked carefully. 
The UL-to-DL distance in order to avoid DESENS to the own receiving band shouldn’t be a problem compared to single carrier operation in these two bands. But it can be still discussed if the UL should be restricted to single band in order to make the implementation more feasible.
The BSs for B20 and B28 (lower duplex) operation can be assumed to be collocated and the received power difference at the UE should be negligible. 

Table 2.1-1: Relative BW
	
	Relative BW

	Band 20 (low band)
	3.7%

	Band 28 (lower duplex) (low band)
	4.2%

	Band 26 (low band)
	4.2%

	B41 (high band)
	7.5%

	LAA band (5 GHz)
	14%

	Band 20 + Band 28 (lower duplex) combined Rx
	8%


Proposal 1: The B20 + B28 (lower duplex) CA shall be based on single Rx filter for the two bands
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Figure 2.1-1: UE reference architecture for B20 + B28 (lower duplex) CA with triplexer and combined Rx for B20 + B28 (lower duplex). 
Further study shall include:
· Triplexer with single Rx filter for B20 + B28 (lower duplex)
· Insertion loss of such filter combiner with respect to standalone filters in these bands. Additional IL has to be reasonable as it will also affect the single carrier operation and low bands are for coverage.
· ISO >45 dB over ETC to own and other bands. Impact if assuming lower ISO to cross-band and other bands
· Single UL supported either in B20 or B28 (lower duplex) 
Text proposal for TR 36.852-13 V0.6.0

E-UTRA inter-band Carrier Aggregation for 2DL
----- Start of TP -----
6.3.x
LTE-Advanced Carrier Aggregation of Band 20 and Band 28 (1 UL)

6.3.x.2 UE filter combiner 
The table and figure below gives the spectrum situation for the B20+ B28 (lower duplexer) CA.

Table 6.3.x.2-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-28
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	28 

lower duplex
	703 MHz
	–
	733 MHz
	758 MHz
	–
	788 MHz
	


Note: Band 28 is defined from: UL 703 to 748 MHz and DL 758 to 803 MHz.
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Figure 6.3.x.2-1: Spectrum overview with B20 and B28 (lower duplex)
6.3.x.2.1 Filter combiner considerations

The relative bandwidths of B20 and B28 (lower duplex) are given in the table below. Standalone duplexer versions of these two bands are within 1% to ~4% which is manageable with acoustic filter. The filter combiner feasibility depends on the acceptable additional insertion loss and IOS requirements to own and other bands. Too high additional IL will be a problem for the single carrier operation in these bands.
For the CA of these two bands we may consider the following options:

4) Quadplexer implementation

For a combined quadplexer implementation the problem is the small 3 MHz gap between the DL receive bands. Due to temperature drift the filters will interact with each other which make the implementation difficult. Temperature compensated filters may improve the situation on temperature drift and filter interaction. This solution is although very questionable to be available with the required performance in the next few years.

5) Separate antennas for the two bands

At low-low bands the antenna ISO may be just 10 dB. That may be not sufficient and would also add the complexity of increased form-factor by using more antennas.

6) Duplexer/Triplexer implementation with combined Rx for B20 and B28 (lower duplex)

Another possible implementation is to combine the DL receive bands with one filter (non-contiguous CA). The relative passband for this is 8% which requires stretching the state-of-the-art filter technology.  B41 (TDD) with 7.5%  has also a high relative BW but this is for a high frequency TDD band. TDD does not need protection to the own receiving band.
The UL-to-DL distance in order to avoid DESENS to the own receiving band shouldn’t add a problem compared to single carrier operation in these two bands. But it can be still discussed if the UL should be restricted to single band in order to make the implementation more feasible.

The BSs for B20 and B28 (lower duplex) operation can be assumed to be collocated and the received power difference at the UE should be negligible. 

Table 6.3.x.2.1-1: Relative BW for different bands
	
	Relative BW

	Band 20 (low band)
	3.7%

	Band 28 (lower duplex) (low band)
	4.2%

	Band 26 (low band)
	4.2%

	B41 (high band)
	7.5%

	
	

	Band 20 + Band 28 (lower duplex) combined Rx
	8%


The B20 + B28 (lower duplex) CA shall be based on single Rx filter for the two bands
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Figure 6.3.x.2.1 -1: UE reference architecture for B20 + B28 (lower duplex) CA with triplexer and combined Rx for B20 + B28 (lower duplex). 
The following issues were identified and should be studied for the duplexer/triplexer implementation
· Additional insertion loss for deltaTib and deltaRib and ISO to own band and cross-bands over ETC
· First estimate in R4-154288 indicates for deltaRib 1.5 dB additional IL at room temperature
· RF split due to separate RFIC inputs for these bands and possible NF increase (compare with non-contiguous CA)
· Possible UE-coexistence problems due to common Rx with respect to other operators (R4-154288)
----- End of TP -----
