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1 Background
New WI on LTE Advanced dual uplink inter-band Carrier Aggregation Class A1 was established in RAN #59 [1]. The classification for 2UL is the same as that for 1UL. For CA class A1, it is classified as:
A1. Low-high band combination without harmonic relation between bands or intermodulation problem;
General consideration for all band combinations of CA class A1 is discussed in this contribution.
2 Discussion
Specific band combinations for CA class A1

In the feature part of the WID, current band combinations for CA class A1 are listed in the table below, which include both UL and DL channel bandwidth combinations and bandwidth combination sets.
Table 1 Supported E-UTRA bandwidths per CA configuration for inter-band CA class A1
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_1-5
	1
	
	
	
	Yes
	
	
	0

	
	5
	
	
	
	Yes
	
	
	

	CA_3-20
	3
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_7-20
	7
	
	
	
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_1-19
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	


It is noted that other band combinations are not excluded. How to treat the new added band combination can be found in the agreed proposals in [2]. 
UE structure and related parameters
The reference UE structure has been studied extensively in previous RAN4 meetings. Diplexer used in class A1 UE will introduce additional insertion loss. As agreed in the study for 1UL inter-band CA, the “shared pain” approach is used when discussing the possible impacts to MOP (i.e. Pcmax) and/or REFSENS due to the additional insertion loss. Since the uplink can be configured in either of the combination bands, it is natural for a UE supporting 1U to support 2UL as well. The values forΔTIB,c and ΔRIB for 2UL can be kept the same as that for 1UL.
The lower tolerance of PCMAX_L for constituent bands of a class A1 combination is reduced by the amount given in TIB,c in table 2. This relaxation is applied for each component carrier when operating either in single carrier or carrier aggregation configuration with both a single or dual uplink CC.

Table 2: ΔTIB,c for the UE that supports inter-band CA class A1

	Inter-band CA Class A1 Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_x-y
	x
	0.3

	
	y
	0.3


The minimum requirement for reference sensitivity for constituent bands of a class A1 combination shall be increased by the amount given in ΔRIB in table 3. This relaxation is applied for each component carrier when operating either in single carrier or carrier aggregation configuration with both a single or dual uplink CC.
Table 3: ΔRIB for the UE that supports inter-band CA class A1

	Inter-band CA Class A1 Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_x-y
	x
	0

	
	y
	0


If some new added band combinations have additional filtering requirement, the values in Table 2 and Table 3 can be studied case by case.
Co-existence issue

CA classes only consider the harmonic and intermodulation impacts on the constituent bands. For CA class A1, no such issue need to be considered. However, harmonic and intermodulation products still may hit on top of other 3GPP bands. For the case where harmonic falls into the downlink frequency range of other bands, the current TS 36.101 already has requirements covering this case. Exceptions are permitted for the 2nd and 3rd harmonic as noted in the specification. 
For the intermodulation issue, in inter-band CA TR 36.850, some co-existence studies for 2UL for CA_3-20 and CA_7-20 have already been carried out. It can be seen that the UE distortion could falls into the UE receive frequency range of some other non-constituent bands. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands. How to treat the intermodulation caused co-existence problem can be considered as a common issue for all inter-band CA classes. 
Another point for co-existence requirement is that the protected bands are specified for single operating band and intra-band CA for specific regions in current UE specification. However, for 2UL inter-band CA, the combination bands traditionally specific for different regions may occur at the same time for some specific scenarios, e.g. CA_1-5 for class A1. In this case, the protected bands for this CA configuration need to be redefined.
Impacted requirements due to 2UL

Besides the possible impacts on MOP (i.e. Pcmax) and/or REFSENS due to additional insertion loss decided by the UE structure for 2UL, there are some other requirements may be affected as analysed in [4], i.e. transmit power, application region of spurious emission requirements and RX requirements. Specifically, for the RX requirements, since 2UL are transmitting simultaneously, interference comes from UL CC in each band should be considered. The potential REFSENS degradation includes effect from increasing TX residual signal, IM2 interference and cross modulation caused by another UL CC compared to 1UL case. From previous information in RAN4, the typical diplexer isolation for low-high band combination could reach to 20dB. Further considering the duplexer rejection between the low and high bands, it is expected that impact on RX requirements due to 2UL can be ignored. Therefore, corresponding RX requirements for 2UL can be kept unchanged as that for 1UL for CA class A1.
3 Conclusion

This contribution provides initial consideration on general issues for 2UL CA class A1. Some of the issues need to be treated as a whole for all CA classes, while some need to be studied case by case for each band combinations for CA class A1.
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