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1. Introduction

A number of proposals were presented [1], [2], [3], [4] to address the MSD definition for the Band 4 + Band 17 CA configuration when the uplink is in Band 17.  While the analyses and assumptions may have differed, the conclusions were largely in agreement for the amount of MSD.  In this contribution, we provide a TP to capture this result into the inter-band CA TR.

2. Discussion

In [1], a method for defining MSD whereby the 3rd harmonic interference from Band 17 transmission fully overlaps the RB's to be received in Band 4 was agreed.  The method of determining the MSD value was provided with the assumed reference architecture using a harmonic trap filter on the Band 17 RF path to suppress the 3rd harmonic interference term at the output of the duplexer.  The block diagram, from [2], is provided below 
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The analysis is summarized below assuming high linearity component selection and the implementation of a diplexer at the antenna port. 

	 
	Primary
	Diversity

	Parameter
	Value
	H3 level
	Value
	H3 level

	B17 Tx
	27.5
	 
	27.5
	 

	B17 PA H3
	-50
	-22.5
	-50
	-22.5

	B17 duplexer
	40
	-62.5
	40
	-62.5

	Harmonic filter
	30.5
	-93.0
	30.5
	-93.0

	LB switch
	-96.5
	-91.4
	-96.5
	-91.4

	Diplexer
	15
	-106.4
	15
	-106.4

	Antenna isolation
	 
	 
	10
	-116.4

	HB switch attenuation
	0.7
	-107.1
	0.7
	-117.1

	HB switch H3
	-126
	-107.0
	-111.9
	-110.8

	B4 duplexer attenuation
	1.6
	-108.6
	1.6
	-112.4

	B4 duplexer H3
	-126
	-108.6
	-111.9
	-109.1

	B17 PA to B4 LNA isolation
	80
	-102.5
	80
	-102.5

	Single chip DA to LNA
	-100
	-100.0
	-100
	-100.0

	Composite
	 
	-97.7
	 
	-97.7


The analysis also includes an estimate of achievable isolation on the PCB as well as on the chip for single-chip designs.  The composite additional noise seen at the input to the Band 4 LNA is estimated to be -97.7 dBm.  Evaluating the impact of this additional interference to reference sensitivity and assuming that the interference impinging upon the primary and diversity receivers is correlated much in the same way a blocker is tested, we conclude that the reference sensitivity is degraded by 10.2 dB for the 5 MHz channel bandwidth case, and by 7.6 dB for the 10 MHz channel bandwidth case.  However, in previous agreement, the diplexer insertion loss should not be included in reference sensitivity relaxation so the MSD becomes 9.9 dB and 7.3 dB for 5 MHz and 10 MHz channel bandwidths, respectively, which we round to 10 dB and 7.5 dB.  

Table 1.  Proposed MSD specification for CA_4_17 configuration

	CA configuration
	E-UTRA Band
	CC combination
	Duplex Mode

	
	
	25RB+25RB
	25RB+50RB
	50RB+25RB
	50RB+50RB
	

	CA_4A-17A
	4
	-90
	-90
	-89.5
	-89.5
	FDD

	
	17
	N/A
	N/A
	N/A
	N/A
	

	NOTE 1:
The transmitter in the lower frequency band shall be set to PUMAX as defined in subclause 6.2.5 with uplink configuration allocated according to Table xyz and channelization according to Table ABC.
NOTE 2:   The CC combination is denoted by the NRB of each component carrier in the CA configuration.  For the CA configuration CA_XA-YA, the NRB of the component carriers in band X and band Y are listed in order with CC combination NRB(X) + NRB(Y). 


Because the reference architecture and the analysis assume the use of a harmonic filter in the uplink path of Band 17, an insertion loss in addition to that of the diplexer must be taken into consideration.  As noted previously, in this architecture, the filter insertion loss only affects Band 17 including both uplink and downlink.  However, as with the diplexer, the insertion loss is present even when the device is operating in single carrier configuration since it forms a part of the signal path.  The insertion loss of the filter has been reported by the filter vendor to be 0.5 dB.  It has been previously agreed for class A1 configurations that the insertion loss of the diplexer is to be accounted for partially by implementation margin and partially by relaxations to maximum output power and reference sensitivity.  We apply the 0.5 dB filter insertion loss on top of these relaxations for this band combination.

Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-17A
	4
	0.3

	
	17
	0.8


Table 7.3.1A-2:  ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-17A
	4
	0

	
	17
	0.5


3. Conclusion
The MSD requirement for Band 4 + Band 17 is discussed in this paper.  A TP for the inter-band TR is also provided to capture the conclusions on this topic discussed over the past several meetings.
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6.2.1
LTE Advanced Carrier Aggregation of Band 4 and Band 17 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.2.1.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA 4-17

- <Issue …>
6.2.1.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for inter-band contiguous CA

6.2.1.1.2 Co-existence studies for CA_4-17 (1 UL)

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 4 and Band 17 DL carriers can be calculated as shown in table 6.2.1.1.2-1 below:

Table 6.2.1.1.2-1: Band 4 and Band 17 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	734
	746
	2110
	2155

	2ndoder harmonics frequency range (MHz)
	1468
	1492
	4220
	4310

	3rdoder harmonics frequency range (MHz)
	2202
	2238
	6330
	6465

	2ndoder IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1364
	1421
	2844
	2901

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

	IMD frequency limits (MHz)
	618
	687
	3474
	3576

	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)
	3578
	3647
	4954
	5056

	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)
	689
	791
	2098
	2167


It can be seen from table 6.2.1.1.2-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 4 and 17 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 3rd IMD products supporting CA of Band 4 and Band 17 may fall into the BS receive band of Bands 12, 13, 14, 17, 22, 42 and 43. Note that the calculation in Table 6.2.1.1.2-1 assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 10 MHz DL frequency of Band 17. If the BS is only transmitting an up to 10 MHz DL in Band 4 and a 10 MHz DL in Band 17 as stated in the WIDS, then the 3rd  IMD products will not fall into the BS receive band of Bands 12, 13, 14 and 17.

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 Band 22, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 17 BS transmitters do not share the same antenna with Band 22, 42 or 43 BS receiver.

And it is recommended that Bands 4 and 17 BS transmitters should not share the same antenna with Band 22, 42 or 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22, 42 or 43 BS receiver desensitization.
6.2.1.1.3 Maximum Sensitivity Degradation (MSD) for Band 4


The Band 4 + Band 17 CA configuration has been identified as an A2 combination where the 3rd harmonic from a UE uplink transmission in Band 17 may land within the downlink of Band 4.  Because of the significant overlap of 3rd harmonic interference, the maximum sensitivity degradation (MSD) is defined for Band 4 when transmitting in Band 17.  
6.2.1.1.3.1 Conditions for MSD
The following conditions are defined for the MSD for Band 4 + Band 17 with the principle that the 3rd harmonic interference should be fully overlapped and entirely contained within the downlink RB's being received in Band 4.
· For the Band 17 uplink, the channel can be placed anywhere in the band.  While it may not be true for other class A2 band combinations, for the Band 4 + Band 17 combination, there is always full overlap of the 3rd harmonic of the uplink into the downlink.  The Band 17 downlink is placed according to the default Band 17 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 17 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 17 downlink.

· The Band 17 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 17 uplink should be 16 RB’s and for 5 MHz CBW in Band 4, the Band 17 uplink should be 8 RB’s.  

· The uplink allocation in Band 17 can be placed anywhere in the channel since there is always full overlap no matter where it is placed.  We therefore propose to place the Band 17 uplink in the highest portion of the channel as close as possible to the Band 17 downlink to represent the worst case.

Examples are provided below

Table 6.2.1.1.3.1-1.  Example MSD configuration of Band 4 and Band 17 channels.

	Band 17 UL and DL
	Band 4 DL

	Bandwidth
	Frequency of Uplink
	Frequency of Downlink
	Bandwidth
	Frequency of Downlink

	5
	706.5
	736.5
	5
	2124

	5
	707.5
	737.5
	5
	2127

	5
	712.5
	742.5
	5
	2142

	5
	713.5
	743.5
	5
	2145

	5
	706.5
	736.5
	10
	2122

	5
	707.5
	737.5
	10
	2125

	5
	712.5
	742.5
	10
	2140

	5
	713.5
	743.5
	10
	2143

	10
	709
	739
	5
	2131.6

	10
	711
	741
	5
	2137.6

	10
	709
	739
	10
	2129.4

	10
	711
	741
	10
	2135.4


Table 6.2.1.1.3.1-2.  Uplink configuration for MSD for CA_4_17.

	CA configuration
	E-UTRA Band
	CC combination
	Duplex Mode

	
	
	25RB+25RB
	25RB+50RB
	50RB+25RB
	50RB+50RB
	

	CA_4A_17A
	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	
	17
	n/a
	8
	n/a
	8
	n/a
	16
	n/a
	16
	

	NOTE 1:   The CC combination is denoted by the NRB of each component carrier in the CA configuration.  For the CA configuration CA_XA-YA, the NRB of the component carriers in band X and band Y are listed in order with CC combination NRB(X) + NRB(Y). 

NOTE 2: 
The transmitted power of the PCC shall be set to PUMAX as defined in subclause 6.2.5.



6.2.1.1.3.2 Reference architecture
To determine the value of MSD, a reference architecture is adopted where a harmonic trip filter is used on the Band 17 RF path value to suppress the 3rd harmonic interference term at the output of the duplexer.  The block diagram is shown below
[image: image2.emf] 

Tx   / Rx  

   Antenna  

RF Test  

Connector  

B 17 Tx  

B 17 Rx  

B 4 Rx  

High   B and          S witch  

Low  Band         S witch  

Low   Bands  

Harmonic   Filter  

High   Bands  

Diplex er  

Duplexer  

B 4 Tx  

Duplexer  


Figure 6.2.1.1.3.2-1.  Reference architecture for Band 4 + Band 17.
6.2.1.1.3.3 Analysis of MSD
The analysis is summarized below assuming high linearity component selection and the implementation of a diplexer at the antenna port. 

Table 6.2.1.1.3.3-1.  Harmonic interference calculation

	 
	Primary
	Diversity

	Parameter
	Value
	H3 level
	Value
	H3 level

	B17 Tx
	27.5
	 
	27.5
	 

	B17 PA H3
	-50
	-22.5
	-50
	-22.5

	B17 duplexer
	40
	-62.5
	40
	-62.5

	Harmonic filter
	30.5
	-93.0
	30.5
	-93.0

	LB switch
	-96.5
	-91.4
	-96.5
	-91.4

	Diplexer
	15
	-106.4
	15
	-106.4

	Antenna isolation
	 
	 
	10
	-116.4

	HB switch attenuation
	0.7
	-107.1
	0.7
	-117.1

	HB switch H3
	-126
	-107.0
	-111.9
	-110.8

	B4 duplexer attenuation
	1.6
	-108.6
	1.6
	-112.4

	B4 duplexer H3
	-126
	-108.6
	-111.9
	-109.1

	B17 PA to B4 LNA isolation
	80
	-102.5
	80
	-102.5

	Single chip DA to LNA
	-100
	-100.0
	-100
	-100.0

	Composite
	 
	-97.7
	 
	-97.7


The analysis also includes an estimate of achievable isolation on the PCB as well as on the chip for single-chip designs.  The composite additional noise seen at the input to the Band 4 LNA is estimated to be -97.7 dBm.  Evaluating the impact of this additional interference to reference sensitivity and assuming that the interference impinging upon the primary and diversity receivers is correlated much in the same way a blocker is tested, we conclude that the reference sensitivity is degraded by 10.2 dB for the 5 MHz channel bandwidth case, and by 7.6 dB for the 10 MHz channel bandwidth case.  However, in previous agreement, the diplexer insertion loss should not be included in reference sensitivity relaxation so the MSD becomes 9.9 dB and 7.3 dB for 5 MHz and 10 MHz channel bandwidths, respectively, which we round to 10 dB and 7.5 dB.  

Table 6.2.1.1.3.3-2.  Proposed MSD specification for CA_4_17 configuration

	CA configuration
	E-UTRA Band
	CC combination
	Duplex Mode

	
	
	25RB+25RB
	25RB+50RB
	50RB+25RB
	50RB+50RB
	

	CA_4A_17A
	4
	-90
	-90
	-89.5
	-89.5
	FDD

	
	17
	n/a
	n/a
	n/a
	n/a
	

	NOTE 1:   The CC combination is denoted by the NRB of each component carrier in the CA configuration.  For the CA configuration CA_XA-YA, the NRB of the component carriers in band X and band Y are listed in order with CC combination NRB(X) + NRB(Y). 

NOTE 2:
The transmitter in the lower frequency band shall be set to PUMAX as defined in subclause 6.2.5.



Because the reference architecture and the analysis assume the use of a harmonic filter in the uplink path of Band 17, an insertion loss in addition to that of the diplexer must be taken into consideration.  As noted previously, in this architecture, the filter insertion loss only affects Band 17 including both uplink and downlink.  However, as with the diplexer, the insertion loss is present even when the device is operating in single carrier configuration since it forms a part of the signal path.  The insertion loss of the filter has been reported by the filter vendor to be 0.5 dB.  It has been previously agreed for class A1 configurations that the insertion loss of the diplexer is to be accounted for partially by implementation margin and partially by relaxations to maximum output power and reference sensitivity.  We apply the 0.5 dB filter insertion loss on top of these relaxations for this band combination.

Table 6.2.1.1.3.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 




	CA_4A-17A
	4
	0.3

	
	17
	0.8


Table 6.2.1.1.3.3-4:  ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-17A
	4
	0

	
	17
	0.5
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