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1
Introduction

Further information for the B20 + B28 lower duplex CA combination is given.
2
UE filter combiner info
The filter combiner table below will be updated in either the SI phase or the WI phase with one more filter vendor. Vendor D states: “We are working on a solution for B20+28A and believe that a multiplexed solution is possible and will have performance that will be on par with the solution proposed by Vendor A”
This is good news, as there will be then at least two larger filter vendors, which can combine B20 + B28A with low additional IL. This is of importance to these low bands, which are used for coverage, as any additional IL will also influence the single carrier operation. 
Table 2-1: Filter combiner information
	
	Vendor A

FBAR Triplexer with combined Rx (from R4-155887)
	Vendor A

Reference single duplexer performance (from R4-155887)
	Vendor B
SAW quadplexer (from R4-156521)
	Vendor C
SAW quadplexer (from R4-156521)
	Vendor D

Stated to expect filter performance similar to Vendor A

	B20 Tx IL, dB
	2.3
	2 to 2.5
	2.9
	3.1
	

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	

	B20 Rx IL, dB
	N/A
	2.5
	5.1
	3.0
	

	B20Tx-B20Rx ISO in Transmit Band 20, dB
	60
	60
	
	
	

	B20Tx-B28ARx cross-band ISO in Transmit Band 28A, dB
	58
	N/A
	
	
	

	B20Tx-B20Rx ISO in Receive Band 20, dB
	60
	60
	53
	58
	

	B20Tx-B28ARx cross-band ISO in Receive Band 28A, dB
	59
	N/A
	48
	48
	

	Band 28A Tx IL, dB
	2.4
	3
	2.2
	2.4
	

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	

	B28A Rx IL, dB
	N/A
	3
	5.6
	4.5
	

	B28ATx-B28ARx ISO in Transmit Band 28A, dB
	58
	59
	
	
	

	B28ATx-B20Rx cross-band ISO in Transmit Band 20, dB
	60
	N/A
	
	
	

	B28ATx-B28ARx ISO in Receive Band 28A, dB
	60
	54
	54
	57
	

	B28ATx-B20Rx cross-band ISO in Receive Band 20, dB
	60
	N/A
	46
	56
	

	B28A Tx attenuation ( DTV, dB
	>30
(470 to 694 MHz)
	>30
(470 to 694 MHz)
	46 dB @ 694 MHz (flyback to 40 dB at 670 MHz)
	
	


3
Motivations for B20 + B28 CA
Interest in that combo and timescale:

The B20 + B28 lower duplex CA combination is very interesting to European operators as it allows giving in rural and difficult coverage areas higher data-rates to customers. The B20 is deployed in many European countries to give very good LTE coverage. B28A (lower duplex) auctioning in Europe e.g. Germany has already occurred, in France the auction was just kicked off and in Sweden, Finland, etc. the auction will follow in 2016. First rollout of B28A is expected to start in 2017. 

From this, we can conclude: Operators are highly interested in this combo and that it is the right time to specify B20 + B28 CA  in Rel-14 timeframe in order to have terminals and filters ready to allow CA with B20 ASAP.

Technical challenges:

The CA combination with low bands is in generally not easy as the bands are usually close to each other and filter combiners with low insertion losses need higher effort than e.g. when combining low and high bands. 

Two sets of filter-combiner data is found:
· Set 1: Filter vendors which are able to do B20 + B28 CA with low additional insertion loss, which can follow the low-low CA framework (R4-145843) and able to provide filters for mass-production in 2018.

· Set 2: Filter vendors which can do the combination but additional ILs for Rx are in excess of 2 dB @ room temperature, which is too high in order to use these filters as also single carrier operation will be influenced by this additional IL

The Set 2 filter data with its additional insertion loss is too high in order to be relevant for an operator. All major UE filter vendors are aware of this highly interesting CA combination for operators and they have been conducted during the SI phase and are informed that this are coverage bands where low additional ILs are needed. We believe that the market is flexible enough and more filter vendors will be able to support this combination with time and low additional ILs. One example is the low band B13 where only one or two filter vendors were able to follow the requirements when specified. Today more filters vendors are able to fulfill the requirements. 

4Rx in low bands:

The UE implementation of 4x4 MIMO is currently heavily discussed in RAN4. Vendors have concerns that for UEs with small form factor four antennas can’t be implemented for low-bands. This makes it even more important to have the low-bands aggregated in order to use them to give higher data rates to the users.
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E-UTRA inter-band Carrier Aggregation for 2DL
----- Start of TP -----
6.3.7
LTE-Advanced Carrier Aggregation of Band 20 and EU700SDL  (1 UL)
The CA combination of the new EU 700 SDL band (738 – 758 MHz) with B20 is addressed in TR 36.895 as a new band is introduced, [7].

6.3.8
LTE-Advanced Carrier Aggregation of Band 20 and Band 28 (1 UL)

The Band 20 and Band 28 (lower duplex) CA is a SI (SID_FS_LTE_CA_B20_B28) in order to understand if it is feasible to do this carrier aggregation combination.
Table 6.3.8-1: Inter-band CA for Band 20 and Band 28 (lower duplex)

	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
	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 6.3.8-1: Spectrum overview with B20 and B28 (lower duplex)
6.3.8.1
List of specific combination issues
6.3.8.1.1
Channel bandwidths per operating band for CA

Table 6.3.8.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_20A-28A
	20
	
	
	
	Yes
	Yes
	Yes

	
	28
	
	
	Yes
	Yes
	Yes
	Yes


6.3.8.1.2
Co-existence studies

Table 6.3.8.1.2-1 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 20 and Band 28. Band 28 is limited to lower duplexer frequencies.
Table 6.3.8.1.2-1: Band 20 and Band 28 (lower duplex) DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	788
	791
	821

	2nd order harmonics frequency range (MHz)
	1516
	1576
	1582
	1642

	3rd order harmonics frequency range (MHz)
	2274
	2364
	2373
	2463

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	3
	63
	1549
	1609

	3rd order IMD products
	(2*f1_low – f2_high)
	 (2*f1_high – f2_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	695
	785
	794
	884

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	2307
	2397
	2340
	2430

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	728
	818
	761
	851

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	738
	808
	771
	841


It can be seen from table 6.3.8.1.2-1 that 2nd harmonics caused by BS supporting carrier aggregation of Band 20 and Band 28 may fall into the BS receive band of Band 24, while 3rd harmonic will fall into the BS receive band of Bands 30 and 40.
It can be seen from table 6.3.8.1.2-1 that none 2nd IMD products caused by BS supporting carrier aggregation of Band 20 and Band 28 will fall into the BS receive band of currently defined 3GPP bands, while 3rd IMD products may fall into the BS receive band of Bands 5, 6, 8, 12-14, 17-20, 26-28, 30, 40 and 44. Bands 5, 6, 12-14, 17-19, 26-27, 30, 40 and 44 are not intended for use in the same geographical area as Bands 20 and 28.
The analysis below gives further information on the actual channel bandwidths and carrier positions for that CA combinations which can cause DESENSE to the BS own receive blocks.

Assume that the 2 CC transmitted by the Band (20 + 28) BS are a and b MHz channel bandwidth and c and d MHz from the edges of Bands 20 and 28 DL frequency bands as shown in Figure 6.3.8.1.2-1 below:

 SHAPE  \* MERGEFORMAT 
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Figure 6.3.8.1.2-1: CC transmitted by the Band (20 + 28) BS

And the corresponding BS receive blocks are as shown in Figure 6.3.8.1.2-2 below:
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Figure 6.3.8.1.2-2: CC received by the Band (20 + 28) BS

Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 6.3.8.1.2-2 below:
Table 6.3.8.1.2-2: Band (20 + 28) BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(2*f1-low – f2-high)
	695 + 2*c + d

	(2*f1-high – f2-low)
	695 + 2*c + d + 2*a + b

	(2*f2-low – f1-high)
	884 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	884 – 2*d – c

	(f1-low – f2-high + f2-low)
	758 + c – b

	(f1-high + f2-high – f2-low)
	758 + c + b + a

	(f2-low – f1-high + f1-low)
	821 – d – a – b

	(f2-high + f1-high – f1-low)
	821 – d + a


Comparing the IMD frequency limits in Table 6.3.8.1.2-2 with the BS receive blocks in Figure 6.3.8.1.2-2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will only fall into the BS own receive blocks of Bands 20 and 28 under one of the transmit configurations shown in Table 6.3.8.1.2-3 below:
Table 6.3.8.1.2-3: Band (20 + 28) BS transmit configurations with 3rd IMD falling within Band (20 + 28) BS own receive blocks

	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	1st and 2nd CC position (c and d MHz) with IMD falling into 1st CC receive block
	1st and 2nd CC position (c and d MHz) with IMD falling into 2nd CC receive block
	

	10
	10
	c + d < 18
	c + d < 32
	

	10
	15
	c + d < 18
	c + d <= 35
	

	15
	10
	c + d < 23
	c + d < 32
	

	10
	20
	c + d < 18
	c + d <= 30
	

	15
	15
	c + d < 23
	c + d <= 30
	

	20
	10
	c + d < 28
	c + d <= 30
	

	15
	20
	c + d < 23
	c + d <= 25
	

	20
	15
	c + d <= 25
	c + d <= 25
	

	20
	20
	c + d <= 20
	c + d <= 20
	


With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Bands 8, 20 and 28 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 20 + 28 BS transmitter does not share the same antenna with Bands 8, 20 and 28 BS receiver.

Therefore, it is recommended that Bands 20 + 28 BS transmitter should not share the same antenna with Bands 8, 20 and 28 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 8, 20 and 28 BS receiver desensitization. PIM may be also caused outside the antenna system by e.g. metal objects close to the antennas and cause possible DESENSE into the own receiver, see TR 37.808 Section 6.1.

Table 6.3.8.1.2-4 gives the harmonic products for Bands 20+28 CA with 1UL (Band 28 is limited to lower duplexer frequencies). None of the harmonic products fall into the own UE receive bands.

Table 6.3.8.1.2-4: 1UL B20 + B28 (lower duplex) harmonic products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	703
	733
	832
	862

	2nd order harmonics frequency range (MHz)
	1406 to 1466
	1664 to 1724

	3rd order harmonics frequency range (MHz)
	2109 to 2199
	2496 to 2586


6.3.8.2 UE filter combiner 

6.3.8.2.1 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:

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.
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. If B20 + B20A CA is implemented with separated antennas an antenna ISO of > 15 dB is be needed in order that the filters don’t influence each-other too much.
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 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 6.3.8.2.1-1: 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 consider single Rx filter for the two bands as one of the possible architectures.
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Figure 6.3.8.2.1 -1: UE reference architecture for B20 + B28 (lower duplex) CA with triplexer and combined Rx for B20 + B28 (lower duplex). 
6.3.8.2.2 Receiver architecture for combined Rx
For the combined Rx implementation the receiver architecture has to be similar to the NC intra-band architecture as described in TR 36.821 Section 6.2.3. Update in this case may be needed to include in TS 36.101 performance requirements testing for:
· 8.2.1.7  Carrier aggregation with power imbalance
· 8.2.1.8
 Intra-band non-contiguous carrier aggregation with timing offset
6.3.8.2.3 OOB blocking for combined Rx
For the combined Rx the B20 and B28A UE filter can’t fulfill the OOB blocking requirements over the adjacent Rx band. In TS 36.101 we find in Section 7.6.2 “Out-of-band blocking”:

“Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in subclause 7.5.1 and subclause 7.6.1 shall be applied.”
For the OOB blocking when B20 + B28A CA is supported the Range 1 which is from 15 MHz below or above the UE receive band has to be changed to exclude the Rx region of either B20 or B28A.

6.3.8.2.4 Filter combiner information
Table 6.3.8.2.4 -1 gives filter combiner information in order to combine B20 and B28 (lower duplex). The values for filter vendor A are over ETC and contain manufacturing variation. Vendor B and vendor C are typical values over room temperature. B28 (lower duplex) is named B28A in the table below. The additional ILs for Tx and Rx from Vendor A is < 0.3 dB. Vendor D is working on the filter-combiner and has stated that they work on a solution for B20+28A and believe that a multiplexed solution is possible and will have performance that will be on par with the solution proposed by Vendor A
Table 6.3.8.2.4-1: Filter combiner information
	
	Vendor A

FBAR Triplexer with combined Rx (from R4-155887)
	Vendor A

Reference single duplexer performance (from R4-155887)
	Vendor B
SAW quadplexer (from R4-156521)
	Vendor C
SAW quadplexer (from R4-156521)
	Vendor D
Stated to expect filter performance similar to Vendor A

	B20 Tx IL, dB
	2.3
	2 to 2.5
	2.9
	3.1
	

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	

	B20 Rx IL, dB
	N/A
	2.5
	5.1
	3.0
	

	B20Tx-B20Rx ISO in Transmit Band 20, dB
	60
	60
	
	
	

	B20Tx-B28ARx cross-band ISO in Transmit Band 28A, dB
	58
	N/A
	
	
	

	B20Tx-B20Rx ISO in Receive Band 20, dB
	60
	60
	53
	58
	

	B20Tx-B28ARx cross-band ISO in Receive Band 28A, dB
	59
	N/A
	48
	48
	

	Band 28A Tx IL, dB
	2.4
	3
	2.2
	2.4
	

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	

	B28A Rx IL, dB
	N/A
	3
	5.6
	4.5
	

	B28ATx-B28ARx ISO in Transmit Band 28A, dB
	58
	59
	
	
	

	B28ATx-B20Rx cross-band ISO in Transmit Band 20, dB
	60
	N/A
	
	
	

	B28ATx-B28ARx ISO in Receive Band 28A, dB
	60
	54
	54
	57
	

	B28ATx-B20Rx cross-band ISO in Receive Band 20, dB
	60
	N/A
	46
	56
	

	B28A Tx attenuation ( DTV, dB
	>30
(470 to 694 MHz)
	>30
(470 to 694 MHz)
	46 dB @ 694 MHz (flyback to 40 dB at 670 MHz)
	
	


6.3.8.3
REFSENS degradation and throughput loss
For the B20 + B28A CA combination the difficult part are the receiving bands which are separated by only 3 MHz. The Tx and also ISOs to the Rx bands when combining the two bands should be relative straight forward as DL-to-UL separation is sufficient and not more stringent compared to the single band operation. Possible REFSENS degradation due to the CA is the main concern as it will also influence the single carrier operation.

6.3.8.4
Summary for the B20 + B28A CA
The low band aggregation of B20 + B28A is a difficult from a UE filter-combiner perspective but important CA combination for many European operators in order to give higher data rate in rural and difficult coverage areas. This follows the EC guideline to give also higher data rates to users in such areas and to make efficient usage of the spectrum available.

The additional IL for such low bands has to be small as otherwise single carrier and CA throughput performance suffers too much degradation. Two sets of filter-combiner data is found:

· Set 1: Filter vendors which supplied data for B20 + B28 CA which shows low additional insertion loss, which can follow the low-low CA framework (R4-145843) and able to provide filters for mass-production from 2018.
· Set 2: Filter vendors which supplied data for B20  28 CA which shows additional ILs for Rx are in excess of 2 dB @ room temperature. The highest additional IL RAN4 has so far considered for CA combinations proposed is well below 2 dB.

For a triplexer architecture with combined Rx the B20 and B28 BS have to be collocated in order that the power difference in the receiver is not too large. The UE receiver architecture in this case is the same as used for non-contiguous intra-band CA described in TR 36.821 Section 6.2.3.
There is a high operator interest for this CA combination to be specified. First rollout of B28A is expected in 2017 and therefore we suggest starting a WI in Rel-14 to specify that combo. 
----- End of TP -----
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