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1. Introduction

A work item for LTE Advanced Carrier Aggregation for Band 4 and Band 17 (CA_4+17) was approved in RAN#50 to specify band-combination specific RF requirements [1]. The CA_4+17 band combination belongs to the E-UTRA carrier aggregation class A2 - Low-high band combination with harmonic relation between bands with 3rd order harmonic interference from the Band 17 uplink transmissions interfering with Band 4 downlink reception. In this contribution, we analyze a CA_4+17 reference radio architecture with worst case component assumptions for additional insertion loss and maximum allowed Band 4 self-desense. We propose requirements for Maximum Output Power (MOP) and Reference Sensitivity (REFSENS) relaxation for the constituent bands of CA_4+17 aggregation as well for non-aggregated (single-carrier operation) bands supported by a CA_4+17 capable UE. 
2. Co-existence studies for CA_4-17 
Table 1 shows the harmonics at the UE transmitter for Band 4 and Band 17.  The 3rd order harmonic of Band 17 falls into Band 4 downlink resulting in interference and self-desense of the Band 4 receiver. The spread of the harmonic interference is of the same order as the Band 4 downlink frequency range. Thus, mechanisms to achieve reasonable Band 4 self-desense with associated relaxations to MOP and REFSENS are needed for CA_4-17 operation.  The UE co-existence of Band 4 with Band 42, and Band 17 with Band 10 are covered in existing TS 36.101 specifications.
Table 1: Harmonic frequencies for CA_4-17
	Band
	Harmonics
	Frequency range (MHz)
	Victim band

	
	
	F_low
	F_high
	

	4
	F
	1710
	1755
	

	
	2·F
	3420
	3510
	Band 42 (3400-3600)

	
	3·F
	5130
	5265
	

	17
	F
	704
	716
	

	
	2·F
	1408
	1432
	

	
	3·F
	2112
	2148
	Band 4 downlink (2110-2155), 
Band 1/10 downlink (2110-2170)


3. Radio Front-end Architecture for CA_4-17 
Figure 1 illustrates a reference RF front-end architecture supporting inter-band carrier aggregation for Band 4 and Band 17. 
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Figure 1 - RF architecture for inter-band carrier aggregation for Band 4 and Band 17.

As seen from Figure 1, a high/low diplexer separates and combines the low- and high-frequency bands followed by multi-band switches on each low/high frequency path for selection between the different bands (aggregated and non-aggregated) supported by the UE. Such an architecture supports simple low/high-band antenna switches (smaller insertion loss (IL) and better linearity – 0.2dB improvement in switch IL) as well as aggregation of many low-high band combinations (with sufficient frequency separation) without dedicated diplexers/duplexers for each band combination. However, as the diplexer is placed before the antenna switch, non-aggregated bands (in addition to the aggregated bands) supported by the UE are impacted by (at least) the insertion loss (IL) introduced by the diplexer. 
The harmonic interference falling in to Band 4 Rx from Band 17 Tx with CA_4-17 is suppressed by introducing harmonic rejection filters before and after the low-band antenna switch. The harmonic rejection filters introduce additional insertion loss (in addition to diplexer IL) for Band 17 Tx. For other low bands supported by UE (such as Band 5, 8), the harmonic rejection filter between the diplexer and the switch contributes additional insertion loss for these bands. The worst case diplexer and harmonic rejection filter insertion loss used in the analysis is shown in Table 2.
Table 2: Worst-case IL for diplexer and harmonic rejection filter for CA-4_17 supported UE 

	Component [dB]
	Low Band Insertion Loss [dB] 
	High Band Insertion Loss [dB]

	High/Low diplexer
	0.3
	0.5

	Harmonic rejection filter
	0.4
	-


The additional insertion loss introduced for Band 17 Tx path due to diplexer and harmonic rejection filters (taking in to consideration the 0.2dB improvement in switch IL mentioned above) is 0.9dB. For a Band 17 Tx conducted maximum output power of 22.1dBm (including the 0.9 dB relaxation due to IL), the worst-case harmonic interference level at the output of each component is shown in Figure 1. It can be seen from Figure 1, the harmonic interference level at the Band 4 Rx LNA is -106.9dBm. For Band 4, given 5MHz channel bandwidth and assuming the worst-case of the harmonic interference falling within the channel bandwidth (certain Band 17 Tx channels with UL RBs <= 8), the Band 4 desense due to harmonic interference is ~1.7dB (assuming LNA noise figure of 4dB). This 1.7dB desense is for the receiver with common Band 17 Tx and Band 4 Rx antenna with Band 17 UL active. The desense at the second receive antenna is expected to be lower due to antenna isolation. Assuming a worst-case combined receiver desense of 1.7dB together with the 0.3dB additional insertion loss on the Band 4 Rx path (diplexer IL and switch IL improvement) results in a Band 4 (5MHz channel bandwidth) REFSENS relaxation requirement of 2.0dB. 
The RF front-end architecture shown in Figure 1 with shared antenna for Tx and Rx is a reasonable reference CA_4-17 RF architecture that can achieve reasonable Band 4 receiver self-desense protection with relatively low Band 17 maximum output power degradation for single active Band 17 uplink. Other architectures such as with separate Tx/Rx antennas can achieve improved performance at the expense of cost/complexity/additional components etc. As the specification should allow all reasonable implementation architectures and not mandate a specific implementation, it is suggested that the minimum requirements for MOP and sensitivity relaxations should be based on a reference architecture (such as in Figure 1) for the supported carrier aggregation class – which in the current case is the low-high band combination with harmonic relation between bands class A2.
4. ∆TIB and ∆RIB values 
Based on the analysis in Section 3, for a UE supporting CA-4_17 with one active uplink, proposed relaxation requirements to MOP (ΔTIB,c) and REFSENS (ΔRIB) for the constituent bands with CA and supported non-aggregated bands are shown in Table 3

 REF _Ref314936290 \h 
 \* MERGEFORMAT -Table 6. For non-aggregated low bands supported by UE (such as Band 5, 8), ΔTIB,c = 0.5dB and ΔRIB = 0.5dB results from the diplexer IL, harmonic rejection filter IL between the diplexer and the antenna switch, and improvement in switch IL. With CA operation, a Maximum Sensitivity Degradation of 2dB due to harmonic interference is assumed for Band 4 (5MHz channel bandwidth) with single uplink on Band 17.
Table 3: ΔTIB,c for the UE that supports inter-band CA-4_17 (class A2) – CA operation
	Inter-band CA Class A2 Configuration
	E-UTRA  Band
	ΔTIB,c  [dB] 



	CA_4-17
	4
	0.3

	
	17
	0.9


Table 4: ΔTIB,c for the UE that supports inter-band CA-4_17 (class A2) – Non-CA operation
	Inter-band CA Configuration
	Applicable  Bands
	ΔTIB,c  [dB] 



	CA_4-17
	1, 2, 4 (High bands > 1.7GHz)
	0.3

	
	17
	0.9

	
	5, 8 (Low bands < 1GHz)
	0.5


Table 5: ΔRIB for the UE that supports inter-band CA-4_17 (class A2) – CA operation
	Inter-band CA Class A2 Configuration
	E-UTRA  Band
	ΔRIB [dB] 



	CA_4-17
	4 (5MHz channel bandwidth)
	2.0

	
	17
	0.9


Table 6: ΔRIB for the UE that supports inter-band CA-4_17 (class A2) – Non-CA operation
	Inter-band CA Configuration
	Applicable  Bands
	ΔRIB [dB] 



	CA_4-17
	1, 2, 4 (High bands > 1.7GHz)
	0.3

	
	17
	0.9

	
	5, 8 (Low bands < 1GHz)
	0.5


Text proposal for TS 36.101 specification capturing the proposed ΔTIB and ΔRIB  relaxations for UE supporting inter-band CA-4_17 with and without CA operation is presented in Annex A. Text proposal for introducing CA-4_17 in Rel-11 Inter-band CA TR [2] is presented in Annex B. 
5. Conclusion
In this contribution, we analyzed the worst-case impact of 3rd order harmonic interference from Band 17 Tx on Band 4 Rx for CA_4+17  (E-UTRA carrier aggregation class A2 - Low-high band combination with harmonic relation between bands). A reference RF front-end architecture for carrier aggregation class A2 - Low-high band combination with harmonic relation between bands - that achieves reasonable harmonic spurs using harmonic rejection filters and improved linearity components is proposed. Proposed relaxation requirements to MOP (ΔTIB,c) and REFSENS (ΔRIB) for the constituent bands with CA and supported non-aggregated bands by a CA_4+17 capable UE are presented. Text proposals to capture the MOP and REFSENS relation requirements in TS 36.101 specifications and Rel-11 Inter-band CA TR are also presented. It is proposed that the text proposals be considered and approved.
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[1] RP-111750, “LTE Advanced Carrier Aggregation of Band 4 and Band 17”, AT&T.
[2] R4-115883, Inter-band Carrier Aggregation Technical Report, Ericsson, ST-Ericsson
Annex A: Text Proposal for proposed changes in specification
<start of text proposal>
6.2.5
Configured transmitted Power

The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR + TIB, P-MPR) – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MPR and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively
-
TIB is the additional tolerance as specified in Table 6.2.5A-3 with TIB =TIB,c for the UE which supports inter-band CA configuration 
-
P-MPR is the allowed maximum output power reduction for;

a)
Ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications.

b)
Ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.


The UE shall apply P-MPR only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB


Note 1: P-MPR was introduced in the PCMAX equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.

Note 2: P-MPR may impact the maximum uplink performance for the selected UL transmission path.

-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply

< text omitted>
6.2.5A
Configured transmitted Power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
For intra-band contiguous carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c }

For inter-band non-contiguous carrier aggregation:

-
-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

-
-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
-
PEMAX, c is the value given by IE P-Max for serving cell c in [7].

-
-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1. 
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

< text omitted>
For the UE which supports inter-band CA configuration the ΔTIB,c is defined for applicable bands in Table 6.2.5A-3.
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_4A-17A
	4 
	0.3

	
	17
	0.9

	
	1, 2
	0.3

	
	5, 8 
	0.5


< unchanged sections omitted>
7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

< text omitted>
The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

Note: Table 7.3.1-2 is intended for conformance tests and does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled and using a residual BLER metric relevant for e.g. Speech Services is given in the Annex X (informative).

For the UE which supports inter-band CA configuration in Table 7.3.1A-2 , the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in ΔRIB in Table7.3.1A-2 for the applicable  E-UTRA bands.
Table 7.3.1A-2:  ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_1A-5A
	1
	0

	
	5
	0

	CA_4A-17A
	4 
	0.3

	
	17
	0.9

	
	1, 2
	0.3

	
	5, 8 
	0.5


< text omitted>
7.3.1A

Minimum requirements (QPSK) for CA

For CA bandwidth class A the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2.

For the UE that supports inter band CA the reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink component carriers active. The UE shall meet the requirements specified in clause 7.3.1.
For the UE which supports inter-band CA configuration in Table 7.3.1A-1a, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in ΔRIB in Table 7.3.1A-1a for the applicable E-UTRA bands with uplink component carrier active on the applicable uplink E-UTRA band with uplink configuration in accordance with Table 7.3.1A-1b. The largest value of ΔRIB defined in Table 7.3.1A-1a and Table 7.3.1A-2 shall be used for the applicable E-UTRA band and channel bandwidth.
Table 7.3.1A-1a:  ΔRIB
	Inter-band CA Configuration
	Uplink E-UTRA Band
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-17A
	17
	4 (5MHz channel bandwidth)
	2.0


Table 7.3.1A-1b: Inter-band 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

	17
	
	
	81
	81
	
	
	FDD

	Note 
1.
The UL resource blocks shall be located within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) such that the 3rd harmonic of the REs in the UL resource blocks, i.e. the frequency equal to three times the frequency of the REs, is within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) on the downlink channel on the downlink operation band in Table 7.3.1A-1a.



For CA bandwidth class C the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1A-1. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.1-2.

Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous CA reference receive sensitivity requirement must be met. The PCC allocation follows table 7.3.1-2. SCC and PCC transmission forms a contiguous allocation. 

PCC and SCC TX–RX frequency separations are as defined in Table 5.7.4-1.

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA Band / Aggregated channel bandwidth / NRB / Duplex mode

	CA Band
	100RB+50RB
	75RB+75RB
	100RB+100RB
	Duplex Mode

	CA_1C
	n/a
	n/a
	PCC
	SCC
	PCC
	SCC
	FDD

	
	n/a
	n/a
	75
	55
	100
	30
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	100
	50
	75
	75
	100
	100
	

	1. NOTE 1.
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
2. NOTE 2. 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in clause 6.2.5.
3. NOTE 3. 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


<end of text proposal >
Annex B: Text Proposal for introducing CA_4+17 (CA class A2) in Rel-11 Inter-band CA TR
<start of text proposal>
6.2.1
LTE Advanced Carrier Aggregation of Band 4 and Band 17 (1 UL)

CA_4-17 is designed to operate in the operating bands defined in Table 6.2.1-1.

Table 6.2.1-1: Inter band CA operating bands

	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_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


6.2.1.1

List of specific combination issues
6.2.1.1.1
Channel bandwidths per operating band for CA
Supported channel bandwidths per operating band for CA_4-17 are shown in Table 6.2.1.1.1-1.
Table 6.2.1.1.1-1: 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_4A-17A
	4
	
	
	Yes
	Yes
	
	

	
	17
	
	
	Yes
	Yes
	
	


6.2.1.1.2
Co-existence studies for CA_x-y
Table 6.2.1.1.2-1 shows the harmonics at the UE transmitter for Band 4 and Band 17.  The 3rd order harmonic of Band 17 falls into Band 4 downlink resulting in interference and self-desense of the Band 4 receiver. The spread of the harmonic interference is of the same order as the Band 4 downlink frequency range. Thus, mechanisms to achieve reasonable Band 4 self-desense with associated relaxations to MOP and REFSENS are needed for CA_4-17 operation.  The UE co-existence of Band 4 with Band 42, and Band 17 with Band 10 are covered in existing TS 36.101 specifications.
Table 6.2.1.1.2-1: Harmonic frequencies for CA_4-17
	Band
	Harmonics
	Frequency range (MHz)
	Victim band

	
	
	F_low
	F_high
	

	4
	F
	1710
	1755
	

	
	2·F
	3420
	3510
	Band 42 (3400-3600)

	
	3·F
	5130
	5265
	

	17
	F
	704
	716
	

	
	2·F
	1408
	1432
	

	
	3·F
	2112
	2148
	Band 4 downlink (2110-2155), 

Band 1/10 downlink (2110-2170)


6.2.1.1.3
Band 4 downlink self-desense 
The 3rd order harmonic of Band 17 uplink transmission results in desense of UE Band 4 receiver. The harmonic must be reduced to < -100dBm to minimize self-desense. RF front-end architectures employing harmonic rejection filters in Band 17 Tx and improved linearity components can limit the harmonic interference to below  -106.9dBm with 0.9dB Band 17 Maximum Output Power relaxation (to account for additional insertion loss of diplexer and harmonic rejection filters). This limits the worst-case self-desense due to harmonic interference falling within a 5MHz Band 4 receive channel bandwidth to 1.7dB.

6.2.1.1.4
∆TIB and ∆RIB values 
For the UE which supports inter-band CA_4-17, the ΔTIB,c is defined for applicable bands in Table 6.2.1.1.4-1. The lower tolerance of PCMAX_L for the applicable bands is reduced by the TIB,c value. This relaxation is applied for each component carrier when operating either in single carrier or carrier aggregation configuration with a single uplink CC.
Table 6.2.1.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-17A
	4 
	0.3

	
	17
	0.9

	
	1, 2
	0.3

	
	5, 8 
	0.5

	NOTE:
The values in this table reflect what can be achieved with the present state of the art technology and shall be reconsidered when the state of the art technology progresses.


For the UE which supports inter-band CA_4-17, the minimum requirement for reference sensitivity shall be increased by the amount given in ΔRIB in Table 6.2.1.1.4-2 for the applicable E-UTRA bands. This relaxation is applied for each component carrier when operating in single carrier configuration with a single uplink CC.
Table 6.2.1.1.4-2:  ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-17A
	4 
	0.3

	
	17
	0.9

	
	1, 2
	0.3

	
	5, 8 
	0.5


For the UE which supports inter-band CA_4-17, the minimum requirement for reference sensitivity shall be increased by the amount given in ΔRIB in Table 6.2.1.1.4-3 for the applicable E-UTRA bands with uplink component carrier active on the applicable uplink E-UTRA band. This relaxation is applied for each component carrier when operating in carrier aggregation configuration with a single uplink CC. For uplink component carrier active on the uplink E-UTRA Band 17, the UL resource blocks (<=8RBs) shall be located within the transmission bandwidth configuration for the channel bandwidth such that the 3rd harmonic of the REs in the UL resource blocks, i.e. the frequency equal to three times the frequency of the REs, is within the transmission bandwidth configuration for the channel bandwidth on the downlink channel on the downlink E-UTRA Band 4.
Table 6.2.1.1.4-3:  ΔRIB
	Inter-band CA Configuration
	Uplink E-UTRA Band
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-17A
	17
	4 (5MHz channel bandwidth)
	2.0

	
	
	17
	0.9

	
	4
	4
	0.3

	
	
	17
	0.9


<end of text proposal >
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