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1 Introduction
RAN4#66 discussed and disagreed yet another proposal [1] for resolving the outstanding issue of MOP specification for UE(s) supporting multiple CA combinations. In this contribution we build on this CR and propose the following amendments

· for bands part of several combinations, use the maximum relaxation allowed;

· but do not allow relaxation for low bands (important for coverage) in class A1 combinations.
The same principle could also be used for OTA requirements (TRP and TRS) for the UE(s) supporting inter-band CA. 

We also discuss the impact on E-UTRA bands for UE(s) supporting DB-DC-HSDPA for the same radio front-end is used for both UTRA and E-UTRA. The discussion is limited to FDD, but the same principles could be applied to the inter-band TDD combinations being specified.
2 MOP for E-UTRA
The specification of the minimum requirements should be simple while still not precluding any particular implementation. First we assume a UE supporting one or more A3 combinations (quadplexers) in addition to bands not part of any combination (duplexers), see the implementation with a single antenna supporting all bands displayed in Figure 1.
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Figure 1: support of multiple A3 combinations.
The Band H1 + Band H3 could be an E-UTRA combination such as Band 4 + Band 7 and H2 + Band H3 a UTRA combination such as Band II + Band IV. Band 4 is part of both combinations. The relaxation allowed for the support of the UTRA combination II + IV should be aligned with that allowed for Band 4 in the Band 2 + Band 4 combination specified in Rel-12; the same quadplexer would be used. For Band 4, we take the maximum of the allowed relaxations for the band among these combinations. This should apply in general for any E-UTRA band, and any class of combination. Taking the maximum value would also facilitate development of multiplexer implementations beyond quadplexers for support of multiple A3 combinations.
Next consider a UE that supports an A1/A2 combination (by a diplexer) in addition to the A3 combinations as shown in Figure 2. For multi-band support, a relaxation due to the antenna switch complexity could possibly be allowed if the number of number CA combinations (diplexers and multiplexers) and non-CA bands (duplexers) exceeds a certain threshold. However, multiplexers are already used in existing front-end modules for non-CA operation, which makes this implementation dependent and difficult to apply. It is recognized that a relaxation could be motivated for large switches for making room for new switching technologies, but a threshold may not be justified for all implementations. Therefore, we leave the relaxation for multi-band support FFS bearing in mind that today’s UE(s) support already more than the 5 E-UTRA address in Note 1 in Table 6.2.2-1 of 36.101. 
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Figure 2
In case H3 = H4 in Figure 2, the implementation shown in Figure 3 is another option (e.g. H3 = Band 4/IV, H1 = Band 7, H2 = Band 2/II and L1 = Band 5). Now there is a diplexer in the H3 signal path, but on the other hand, the antenna switch would have one less throw. Nevertheless, for H3 the maximum allowed relaxation among the L1-H3, H1-H3 and H2-H3 combinations would be used (hence the relaxations for the A1 and A3 combinations are not added). 
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Figure 3
Band H1 would also be affected by the presence of the diplexer needed for the L1-H3 combination (A1), but no additional relaxation would apply for H1 other than that allowed for the H1-H3 combination (A3).
Multiple A1/A2 and A3 combinations could also be implemented by means of an antenna diplexer as shown in Figure 4, which is also more likely implementation of the combinations shown in Figure 3 (if H3 = H4 the duplexer “H4” in Figure 4 can be eliminated).
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Figure 4
Bands not part of any supported combination would not be allowed a relaxation; there is a diplexer in the signal path but the switches have fewer throws on the other hand. Admittedly, for some bands in the implementation shown in Figure 3, i.e. Band H1 that is part of the A3 combination, this would be more penalizing since the impact of the diplexer is not compensated by a reduction of the number of throws of the antenna switch.
3 REFSENS requirements
The receiver requirements can be augmented in a similar way: for a band that is part of multiple CA combinations, we take the maximum of the allowed relaxations (RIB,c for the band among these combinations; e.g. if B3 + B7 and B1 + B7 are supported, then the maximum relaxation allowed for B7 apply for B7 operation. 
4 MOP for UTRA 
The same principle could also be adopted for UTRA in 25.101. If in the same UE, DB-DC-HSDPA is supported along with inter-band CA configurations, supported E-UTRA combinations should also be accounted for when allowing relaxations for the UTRA bands. If a UE is supporting e.g. the UTRA combination II-V and the E-UTRA combination CA_1-5, then this would count as a multiple combinations for UTRA since most implementations use the same RF front-end (filters) as discussed above. However, the particular relaxations allowed for the UTRA bands follow 25.101, and it is recognized that the relaxations for E-UTRA and UTRA are not always aligned for the same frequency range (band). 

5 In the 36.101
The proposed changes to 36.101:

1. relaxations for low bands in A1 combinations are removed: ΔTIB,c  = 0 dB;

2. relaxations for low bands in A2 combinations are maintained (needed for harmonic suppression and the basis for receiver requirements specified for A2 combinations);
3. for an E-UTRA band part of multiple band combinations, the maximum relaxation amongst these combinations applies;
4. supported DB-DC-HSDPA and Dual band 4C-HSDPA configurations allow the same relaxation as would the corresponding E-UTRA CA configuration with the same bands;
5. the relaxation allowed for a particular band applies both for CA and non-CA operation.

From clause 6.2.5A:

The tolerance T(PCMAX) is defined by the table below and applies to PCMAX_L_CA and PCMAX_H_CA separately.

Table 6.2.5A-2: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   Intra-band with two active UL serving cells

(dB)
	Tolerance T(PCMAX)   Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	TBD


< Start with relaxation for E-UTRA bands for support of multiple A1/A2/A3 combinations for E-UTRA or UTRA >
For the UE which supports inter-band carrier aggregation configurations with the uplink assigned to one E-UTRA band, DB-DC-HSDPA or Dual band 4C-HSDPA configurations, the ΔTIB,c is defined for applicable E-UTRA bands in Table 6.2.5A-3. If any such E-UTRA band is part of more than one E-UTRA band combination supported by the UE, then the maximum ΔTIB,c  taken among these combinations applies.
< Band combinations are counted: hence e.g. CA_1-5 and I + V is not counted twice, the same relaxation applies anyway >
< Remove relaxation for low bands when part of A1 (not A2) and add relaxations for supported DB-DC-HSDPA or Dual band 4C-HSDPA configurations >
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	DB-DC-HSDPA or
Dual band 4C-HSDPA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	3, I-1-V-2, I-2-V-1, I-2-V-2
	1
	0.3


	
	
	5
	0

	CA_1A-18A
	N/A
	1
	0.3

	
	
	18
	0

	[CA_1A-8A]
	[1, I-2-VIII-1, I-2-VIII-2, I-1-VIII-2, I-3-VIII-1]
	[1]
	[0.3]

	
	
	[8]
	[0]

	CA_1A-19A
	N/A
	1
	0.3

	
	
	19
	0

	CA_1A-21A
	N/A
	1
	0.3

	
	
	21
	0.3

	CA_2A-17A
	N/A
	2
	0.3

	
	
	17
	0.8

	CA_2A-29A
	N/A
	2
	0.3

	
	
	
	

	CA_3A-5A
	N/A
	3
	0.3

	
	
	5
	0

	CA_3A-7A
	N/A
	3
	0.5

	
	
	7
	0.5

	CA_3A-8A
	N/A
	3
	0.3

	
	
	8
	0

	CA_3A-20A
	N/A
	3
	0.3

	
	
	20
	0

	CA_4A-5A
	N/A
	4
	0.3

	
	
	5
	0

	CA_4A-7A
	N/A
	4
	0.5

	
	
	7
	0.5

	CA_4A-12A
	N/A
	4
	0.3

	
	
	12
	0.8

	CA_4A-13A
	N/A
	4
	0.3

	
	
	13
	0

	CA_4A-17A
	N/A
	4
	0.3

	
	
	17
	0.8

	CA_4A-29A
	N/A
	4
	0.3

	CA_5A-12A
	N/A
	5
	0.8

	
	
	12
	0.4

	CA_5A-17A
	N/A
	5
	0.8

	
	
	17
	0.4

	CA_7A-20A
	N/A
	7
	0.3

	
	
	20
	0.3

	CA_8A-20A
	N/A
	8
	0.4

	
	
	20
	0.4

	CA_11A-18A
	N/A
	11
	[0.6]

	
	
	18
	[0.6]


NOTE:
The ΔTIB,c for UE(s) supporting the DB-DC-HSDPA configurations 2, 4, and 5; the Dual band 4C-HSDPA Configurations II-1-IV-2, II-2-IV-1 and II-2-IV-2 are FFS.

NOTE:
To meet the (TIB,c requirements for CA_3A-7A with state-of-the-art technology, an increase in power consumption of the UE may be required. It is also expected that as the state-of-the-art technology evolves in the future, this possible power consumption increase can be reduced or eliminated.
Overlapping bands, e.g. Band 5 and Band 26, need no special treatment since the maximum is taken. In many cases, the relaxation will be the same. The relaxation allowed for E-UTRA bands when the DB-DC-HSDPA configurations 2, 4, 5, the Dual band 4C-HSDPA Configurations II-1-IV-2, II-2-IV-1 and II-2-IV-2 are supported are FFS and can be resolved when the corresponding E-UTRA configurations are specified (CA_2-4 is part of Rel-12). 
6 OTA requirements for UE(s) supporting inter-band CA configurations
The relaxation of the OTA requirements for UE(s) supporting inter-band CA combinations is also subject to debate, and it has been proposed that no additional relaxation should be allowed for OTA requirement. The addition of diplexers or multiplexers in the TX and RX signal paths introduce additional insertion loss, and unless the antenna is improved this implies a corresponding loss in antenna efficiency.
For the conductive requirements, the removal of the relaxation for the low bands in class A1 combinations implies a tighter requirement for these bands. The additional IL before in the signal path represents a greater challenge both for conductive and OTA requirements for high bands as compared to low bands. One possible compromise is
1. for conductive requirements, (TIB,c = 0 dB for the low bands in class A1 combinations;
2. for TRP and TRS, relaxations corresponding to the (TIB,c are allowed for all combinations other than class A1 combinations consistent with Item 1.
This would not imply tighter antenna efficiency requirements for UE(s) supporting inter-band CA, while still maintaining non-CA requirements for bands that are important for coverage.
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