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1 Introduction
During last RAN4 meeting, a way forward for addressing issues of inter-band non-contiguous CA framework was agreed [1]. This contribution provides an overview on UE RF requirements which could be affected by the inter-band carrier aggregation and a method to define and test these requirements. 
2 Discussion
2.1 Tx characteristics
Output power

For inter-band CA scenario, one of the most obviously affected UE requirements is output power. Regardless of band combination classes, the additional insertion loss caused by diplexer/quadplexer may impact UE output power. A general rule to address the output power relaxation have been agreed [1], i.e.
1. The “shared pain” approach will be used when discussing the possible impacts to MOP (i.e. Pcmax) and/or REFSENS due to the additional insertion loss.
2. Use the average of additional insertion loss values at ETC as derived from the obtained data for diplexer and quadplexer for each specific band combination and considering specific values on TX and RX bands.
Pcmax tolerance

Since only a single uplink CC, i.e. one transmit chain is active at any time (not considering UL-MIMO), the Pcmax tolerance of the UE could remain the same for each configured output power level. Of course, if UE could support multiple uplink carriers simultaneously in future, Pcmax tolerance might need re-evaluation since multiple transmit chains are active and transmit at lower power level.
Transmitter spurious emission

Besides the general spurious emission requirement, UE shall also meet additional coexistence requirements to protect other operating bands. It’s necessary to add a row for each combination in the UE coexistence table as below. It is noted that the additional rejection provided by diplexer/quadplexer could increase in-band insertion loss and impact other RF requirements, such as output power, reference sensitivity.
Table 1 Requirements
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Comment

	CA_B1_B5
	[Protected Bands] 
	[Start]  
	- 
	[End]
	[-50]
	1
	[Note x]

	
	
	
	
	
	
	
	


2.2 Rx characteristics
Since UE has to support inter-band carrier aggregation in DL, it requires multiple receiver chains that can be allocated to receive signal from different bands. The application of diplexer/quadplexer could introduce additional insertion loss that directly impacts reference sensitivity. Other core requirements, such as ACS, blocking, and intermodulation which set power levels of wanted signal/interference signal relative to reference sensitivity could also be affected.
Reference sensitivity
Two factors could impact reference sensitivity: the insertion loss and harmonics products falling into the Rx bandwidth of either bands participating in the carrier aggregation for band combination classes A, B and C. The general rule to deal with the issue of output power also applies to reference sensitivity. The remaining issue is how to test reference sensitivity for inter-band CA? One suggestion is that we could use the same methodology of defining reference sensitivity for DB-DC-HSDPA/4C-HSDPA dual band case [3]. For example, in case of DB-DC HSDPA (Band I + Band VIII) as shown below, the reference sensitivity of Band I (DL Band) is tested with either Band I or Band VIII (UL band) active. And the same method is used when testing Band VIII reference sensitivity. So the test consists of four different reference sensitivity results (two per band). 
Table 2 Test parameters for reference sensitivity, additional requirement for DB-DC-HSDPA [3]
	DB-DC-HSDPA configuration
	DL Band
	UL Band
	Unit
	HS-PDSCH_Ec
<REFSENS> 
	<REFÎor>

	1
	I
	I
	dBm/3.84 MHz
	-113
	-102.7

	
	VIII
	
	dBm/3.84 MHz
	-110
	-99.7

	
	I
	VIII
	dBm/3.84 MHz
	-113
	-102.7

	
	VIII
	
	dBm/3.84 MHz
	-110
	-99.7


For inter-band CA, the work for specifying and testing reference sensitivity might be laborious to cover all the scenarios when also taking into account the supported bandwidth(s) of each band. The following table summarizes the supported channel bandwidth(s) for each band combination according to the corresponding WIDs. 
Table 3 Supported bandwidth(s) for each inter-band combination
	Band
	E-UTRA Bands
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	B3+B7
	3
	
	
	
	Yes

	
	7
	
	
	
	Yes

	B4+B17
	4
	
	Yes
	
	

	
	17
	
	Yes
	
	

	B4+B13
	4
	
	Yes
	
	

	
	13
	
	Yes
	
	

	B5+B12
	5
	
	Yes
	
	

	
	12
	
	Yes
	
	

	B5+B17
	5
	
	Yes
	
	

	
	17
	
	Yes
	
	

	B4+B12
	4
	
	Yes
	
	

	
	12
	
	Yes
	
	

	B20+B7
	7
	
	Yes
	Yes
	Yes

	
	20
	Yes
	Yes
	
	

	B2+B17
	2
	
	Yes
	Yes
	Yes

	
	17
	
	Yes
	
	

	B4+B5
	4
	
	Yes
	Yes
	Yes

	
	5
	
	Yes
	
	


For the first six band combinations listed in Table 3, the table for defining reference sensitivity could be similar as DB-DC-HSDPA/4C-HSDPA dual band case since only one channel bandwidth is supported for each aggregated band. For example, the reference sensitivity for B3+B7 could be defined by Table 4-1. And the minimum number of allocated uplink RBs for which the inter-band CA reference sensitivity should be met are specified in Table 4-2. It is suggested that TS36.101 Table 7.3.1-2 (Uplink configuration for reference sensitivity) could be reused. 
Table 4-1 Inter-band CA (CA_B3_B7) Reference sensitivity QPSK PREFSENS
	EUTRA Band
	UL Band
	DL Band
	DL Channel Bandwidth
	Reference sensitivity (dBm)
	Duplex Mode

	CA_B3_B7
	3
	3
	20MHz
	
	FDD

	
	
	7
	20MHz
	
	

	
	7
	3
	20MHz
	
	

	
	
	7
	20MHz
	
	


Table4-2: Inter-band CA (CA_B3_B7) Minimum uplink configuration for reference sensitivity

	CA Band / Channel bandwidth / NRB / Duplex mode

	CA Band
	UL Band
	UL Bandwidth
	NRB
	Duplex Mode

	CA_B3-B7
	3
	20MHz
	50
	FDD

	
	7
	20MHz
	75
	


For the last three band combinations listed in Table 3, some of aggregated bands will support several channel bandwidths. There could be two options to define reference sensitivity for this case:

Option 1: A straightforward way is that the reference sensitivity might cover all the combinations of operating band as well as channel bandwidth of UL&DL. Take an example of B20+B7, the different reference sensitivities for Band 20 supported channel bandwidths are tested with each of Band 7 uplink supported channel bandwidth active. However, the reference sensitivity table could be very large and complex, and also the workload for specifying and testing the requirements could be quite heavy.
Option 2: We just select a subset of combination of UL&DL channel bandwidth for testing reference sensitivity. For example, when testing Band Y DL reference sensitivity with only Band X is active, one supported channel bandwidth of Band X is selected for uplink transmission. 
For specifying reference sensitivity of Band X DL with only Band Y UL transmission, if Tx noise (such as spurious emission, harmonic emission, etc.) from Band Y UL has more severe impact on Band X DL receiver, it is necessary to specify Band X DL reference sensitivity in this case. However, if Band X DL reference sensitivity becomes better, there is no need to specify how much better the reference sensitivity could be. 
ACS, Blocking and Rx intermodulation
Once the methodology of defining testing reference sensitivity could be determined, the same methodology could be applied for testing ACS, Blocking and Rx intermodulation. 
3 Conclusion
In this contribution, we present our view on the UE specification which may be affected by inter-band carrier aggregation. It is suggested RAN4 shall decide the methods for defining and testing UE Tx/Rx requirements for all band combination classes.
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