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1.
Introduction
The currently ongoing LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements Work Item [1] is tasked with defining over the air performance requirements and recording them in the unified specification TS 37.144 [2].
This paper provides a brief survey of RF front end insertion losses associated with dual band HSDPA and LTE carrier aggregation (CA) features in the specification.  Considering that the market today contains UEs supporting multiple radio access technologies, we propose utilizing a set of four applicability criteria as a possible means toward agreeing OTA performance requirements.
2.
Discussion

2.1
UTRA

The dual band HSDPA feature in UTRA features the aggregation of two downlink bands [3].  Table 1 lists the frequency combinations possible with this feature.

Table 1: Dual band HSDPA frequency combinations

	DB Combination
	Frequencies

	I + VIII
	2100 + 900

	II + IV
	1900 + 2100/1700

	I + V
	2100 + 850

	I + XI
	2100 + 1450

	II + V
	1900 + 850


Although no 3GPP TR contains an agreed reference architecture for a UE supporting this feature, a discussion paper from RAN4 #57 provides two useful examples [4].  Figure 1 below is reproduced from the discussion paper below.
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Figure 1: Reference UE architectures with dual band HSDPA support [4]
We observe that relative to a single-carrier UTRA UE architecture, dual band support requires the introduction of a duplexer + diplexer or duplexer + quadplexer combination into the RF front end.  These combinations introduce additional insertion loss (up to 1.3 dB for some band combinations).
On the Rx path, these additional insertion losses degrade conducted sensitivity of the device and, by extension, the TRS.  On the Tx path, the additional insertion losses directly translate to a reduction in TRP performance.
2.2
E-UTRA
The inter-band carrier aggregation (CA) feature in LTE also introduces components to the RF front end with additional insertion losses, as documented in TR 36.850 [5], and 36.853-12 [6].  Figure 2 is reproduced from TR 36.850.
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Figure 2: Reference UE architecture with CA support [5]
In the 2 CA combination case shown in the figure, we observe the introduction of a duplexer + diplexer or duplexer + quadplexer combination into the RF front end.
The Appendix in this paper provides a brief survey of the quadplexer data available in 36.850 and 36.853; without drawing band-specific conclusions, we observe that the additional insertion loss associated with implementing the CA feature ranges up to 1.3 dB (with some band-specific variation possible).
On the Rx path, these additional insertion losses degrade conducted sensitivity of the device and, by extension, the TRS.  On the Tx path, the additional insertion losses directly translate to a reduction in TRP performance.

Considering potential uplink CA scenarios, it may be helpful to also consider the impact of harmonic intermodulation products on the sensitivity of the receiver.
2.3
Multi-RAT Devices

Considering the Rel-13 timeframe of the present Work Item, we observe that the vast majority of devices available today support multiple radio access technologies (such as GSM/UTRA or GSM/UTRA/E-UTRA).  In fact, during certification processes OEM typically apply applicability criteria based on RAT support.  We can envision the following four potential UE applicability criteria:

· GSM/UTRA single carrier

· GSM/UTRA dual carrier

· GSM/UTRA/E-UTRA single carrier

· GSM/UTRA/E-UTRA multi-carrier
Given the vast amount of study into additional insertion losses associated with implementing dual band HSDPA and different CA combination features, it is a general proposal in this paper to recognize the impact of these losses on the OTA performance of the UE.
3.
Proposal

Proposal 1: For OTA requirements being agreed during the Rel-13 timeframe, consider UE applicability criteria, such as GSM/UTRA single carrier, GSM/UTRA dual carrier, GSM/UTRA/E-UTRA single carrier, GSM/UTRA/E-UTRA multi carrier.
Proposal 2: Define separate OTA requirements for single carrier and multi-carrier (DC-HSDPA and/or LTE CA) operation, respectively.
Proposal 3: The method of defining OTA requirements for multi-carrier (DB-HSDPA and/or LTE CA) operation is FFS (some possibilities may be: use additional IL values found in respective CA TRs, perform analysis of OTA results across UEs meeting the same applicability criterion).
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Appendix: Quadplexer Data
Quadplexer data from 36.850
Table 6.3.1.1.4-1: Reported ILs for band 3 + 7 diplexer and quadplexers for ETC

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	3
	0.93
	0.85
	0.5
	0.8

	7
	1.08
	0.8
	0.4
	1.0


For the reported IL values there was no or only marginal difference for the Tx/Rx paths reported. With the average IL given as:

Table 6.3.1.1.4-2: Average Tx and Rx IL for combining band 3 and band 7 for ETC

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]
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	3
	0.77
	0.77

	
	7
	0.82
	0.82


Table 6.3.4.1.3-1: Reported incremental ILs for band 8 + 20 quadplexer compared to duplexer

	E-UTRA bands
	B8 UL
	B20 UL
	B8 DL
	B20 DL

	Vendor 1D1
	0.9
	1
	0.7
	0.8

	Vendor 1D2
	0.7
	0.8
	1.3
	0.8

	Vendor 1D3
	0.6
	0.9
	0.8
	0.9

	Vendor 2
	0.8
	0.8
	0.8
	0.8

	Vendor 3
	0.5
	0.5
	0.5
	0.5

	Vendor 4
	0.47
	0.45
	0.23
	0.54

	Vendor 5
	1
	0.8
	1.2
	1.4

	Vendor 6
	1
	1
	0.9
	0.3
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	0.75
	0.78
	0.8
	0.76


…

Table 6.3.2.1.3-1: IL values for band 5 + 12 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	5 Tx
	0.7
	0.6
	2.3
	0.7

	5 Rx
	0.7
	0.7
	1.8
	0.8

	12 Tx
	0.5
	0.3
	1.2
	0.5

	12 Rx
	0.5
	0.3
	1.8
	0.5


For the reported additional IL values, the corresponding average additional IL values for the Tx and the Rx paths, from [21], are shown in table 6.3.2.1.3-2:

Table 6.3.2.1.3-2: Average Tx and Rx IL for combining band 5 and band 12 (under ETC)

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]
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	5
	1.1
	1.0

	
	12
	0.6
	0.8


…

Table 6.5.1.1.3-1: Reported ILs for Band 11 + 18 diplexer and quadplexers for ETC 

	
	Maximum IL value (dB)
	Average IL value (dB)

	
	Company A
	Company B
	Company C
	

	Tx
	Band 11 UL
	0.6
	0.65
	0.31 (Note)
	0.52

	
	Band 18 UL
	0.6
	0.80
	0.21 (Note)
	0.54

	Rx
	Band 11 DL
	0.6
	0.65
	0.22 (Note)
	0.52

	
	Band 18 DL
	0.6
	0.80
	0.34 (Note)
	0.58

	NOTE:
Values are typical and reference due to its architecture (diplexer and duplexer are combined).


…

Table 6.5.2.1.3.1.2.3-1: Quadplexer data from vendor 3

	
	Frequency (MHz)
	Duplexer
	Quadplexer
	
	Difference [dB]

	
	
	Max
	Typ/Min
	Max
	

	
	
	[dB]
	[dB]
	[dB]
	

	IL
	B21 Tx
	1448
	1463
	1.9
	(
	2.2
	0.30

	
	B21 Rx
	1496
	1511
	2.0
	(
	2.3
	0.30

	
	B1 Tx
	1920
	1980
	2.1
	(
	2.6
	0.50

	
	B1 Rx
	2110
	2170
	2.5
	(
	3.0
	0.50

	ISO
	Tx to B21 Rx
	1920
	1980
	(
	61.2/55
	(
	(

	
	B21 Tx to B1 Rx
	1448
	1463
	(
	63/55
	(
	(


…

Quadplexer data from 36.853-12
Table 6.3.2.2.1-1: ΔTIB,c for E-UTRA Band 2, 4 and 30 as part of inter-band CA

	Inter-band CA Configuration
	E-UTRA Band
	ΔIL by quadplexer

[dB]
	ΔIL by hexplexer

[dB]
	Estmated ΔTIB,c 

[dB]

	CA_2A-5A-30A
	2
	0.9
	1.0
	[0.5]

	
	5
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_2A-12A-30A
	2
	0.9
	1.0
	[0.5]

	
	12
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_2A-29A-30A
	2
	0.9
	1.0
	[0.5]

	
	29
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-5A-30A
	4
	0.5
	1.0
	[0.5]

	
	5
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-12A-30A
	4
	0.5
	1.0
	[0.5]

	
	12
	
	
	0.8

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-29A-30A
	4
	0.5
	1.0
	[0.5]

	
	29
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]
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