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1 Introduction
The impact of the increased insertion loss by a diplexer (or more complex multiplexers) on the maximum-power and reference sensitivity has been discussed at length, and a resolution by a general formula applicable for all bands based on a shared-pain approach with proposed in [1]. An amendment to this way forward is proposed in [2] with the absence of TX noise in one of the downlinks accounted for in a general way, but with the frequency separation between the bands for estimation of the diplexer IL and any possible impact of TX harmonics accounted for in a band-specific way.  

While this may seen as a “fair” way of handling operator- or region-specific combinations, it does not account for the fact that the margins to the Rel-8/9 minimum requirements for the operating bands combined are very different: some bands are “easy” whereas others are “difficult”. From a technical standpoint it would therefore be more relevant to consider the band combinations in a case-by-case fashion like for DB-DC-HSDPA. A shared-pain approach could still be taken in some cases with due consideration of the particular operating bands combined. 
In this contribution we discuss a framework for the specification of inter-band CA on a case-by-case basis rather than using a general formula. We need to consider both 
1. modification of non-CA (Rel-8/9) requirements for UE(s) supporting intra-band CA with the feature deactivated
2. and the requirements with inter-band CA activated.
We start with the maximum power and sensitivity requirements for combinations with and without harmonic relation for one active uplink. The insertion loss is not the whole issue: the test configurations may be different for the various classes of combinations. Once this is specified for a particular combination, others will follow more readily. 
2 Front-ends supporting inter-band CA
The specification of the minimum requirements for inter-band CA would be facilitated if the most viable implementations are considered for the various classes of combinations, while recognizing that any particular implementation is not mandated. 
If the number of antenna feeds is kept the same as for Rel-8/9, there are basically two types of front-end architectures that could be used as a basis for specifying the requirements. Figure 1 shows a front-end architecture with a multi-band switch at the antenna and dedicated duplexers for each band; some of the latter may be combined with diplexers or more complex multiplexers.

[image: image6.bmp]
Figure 1:  Front-end architecture with a multi-band switch and dedicated duplexers, some of which are combined with a diplexer.

Figure 2 shows a diplexer solution separating and combining low- and high-frequency bands with two smaller switches between bands in either the low or high range. The latter switch has smaller insertion loss than the more complex multi-band switch in Figure 2. The latter architecture implicitly supports inter-band CA for many low-high band combinations if the frequency separation is large enough. Support of several E-UTRA combinations and DB-DC-HSDPA in the same UE should also be considered. The drawback with the implementation in Figure 2 is that other bands supported by the UE, but not combined or dedicated for GSM or UTRA, are affected by the diplexer IL as pointed out in [3]. 
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Figure 2: Front-end architecture with a diplexer separating and combining low- and high-frequency bands.
Alternatively, multiple antenna feeds are used, but the minimum requirements should be specified such that single antenna feeds can be used in view of possible OTA requirements. 

In order to specify minimum requirements we propose to consider baseline the above baseline architectures that would support multiple combinations in order to keep the generality of the specification. For combinations of low and high bands with large frequency separation, that is, with 
1. low bands covering frequencies up to 960 MHz (up to and including Band 8 RX),

2. high bands covering frequencies down to 1710 MHz (down to and including Band 4 TX),

we propose that minimum requirements be specified such that
· the architecture in Figure 2 is possible for support of multiple combinations of the same type (including DB-DC-HSDPA if the frequency separation is similar),
· necessary modifications of the minimum requirements should be allowed for other E-UTRA, UTRA or GSM bands that are supported by the said UE but not combined.

For a diplexer IL < 0.5 dB it is expected that the Rel-8 maximum output power and sensitivity requirements can still be met with a margin for most operating bands without changes, while there will be an impact on the actual performance. The architecture in Figure 1 with separate diplexers/multiplexers per combination would also be possible (same number of components in the signal path even if the switching losses may be different); the bands that are not combined are not affected then.

Combinations of low and high bands with smaller frequency spacing including Band 11/21 may require larger relaxations, but could also be implemented by both types of architectures.
For combinations of
1. two low bands up to and including Band 8 RX

2. two high bands down to and including Band 11 TX

with dedicated duplexers/quadplexers we propose that minimum requirements be specified based on the architecture in Figure 1. For UE(s) supporting multiple combinations of low and high bands with large separation in addition, further modifications may be required, but this could be treated as a special case.
3  “Easy” bands and “difficult” bands and channel bandwidths
The impact of the increased insertion loss of the diplexer on the Rel-8/9 performance is depending on the operating band and channel bandwidth under test: for “easy” bands there is a large margin between the minimum performance requirements and the typical performance, for “difficult” bands there is a small or negligible margin. This would not be covered by a general equation as proposed in [1]. A few examples follow below. 
For the reference sensitivity Rel-8/9 requirements, a modifications for the 1.4 and 3 MHz bandwidths due to the IP2 performance were agreed for Bands 2, 3, 4 and 12 [4]. Assuming that the maximum output performance still has to be met in the presence of the diplexer insertion loss of about 0.5 dB for the high bands, much the modification is cancelled out if the same IIP2 performance is desired. It may still be possible to accept this by a shared-pain approach for these bandwidths – vendor pain in this case – but this should be assessed on a case-by-case basis. The impact for larger bandwidths, except possibly for 20 MHz, could most likely be absorbed by the margin to the minimum performance requirement.
In general, for REFSENS, the margin for the bands below 1 GHz (Band 5 and Band 8) specified for UTRA before Rel-8 is large since the insertion loss of the duplex filters were assumed to be large at the time of specification. For Band 5 and Band 8 the diplexer IL can be absorbed by the margin and the requirements kept unchanged, “easy” bands in this respect. For Bands 18 and 19, on the other hand, the requirement are tight, and a relaxation motivated for Rel-8/9 operation, but only for the higher bandwidths where the effect of the TX noise is most pronounced.

There are also other side conditions that should be considered: for Band 13 additional TX filtering should be possible for suppression of 2nd order harmonics falling just below GPS, which has nothing to do with carrier aggregation as such, and support of simultaneous CDMA2000 may also put additional constraints. For Band 7 the TX must supply rejection both for ISM frequencies below the pass band and for the Band 7 RX above it, hence making it more challenging to absorb an additional insertion loss by a diplexer. 
Similarly, the impact of the additional insertion loss on the minimum requirements when CA is activated depends on the operating band, but the number of channel bandwidths to be considered is at least smaller, e.g. only 10 MHz for many combinations. 
4 Changes to the specification

4.1 Combination without harmonic relation

The combination Band 13 + Band 4 can be implemented with the architecture in Figure 2 that would also support other combinations in the same region: Band 4 + 716-728 MHz and Band 17 + Band 2 (as well as the combinations like Band 12 + Band 4 and Band 17 + Band 4 with harmonic relation).  Support of multiple combinations will be at the expense of impact on other bands not combined, like e.g. the roaming bands 1/I and 3/III/GSM1800. 
For the Rel-8/9 minimum requirement on the maximum power accuracy, support of the Band 13 + Band 4 combination may then need potential modifications for all bands supported (the below just an example)
· Band 13 and Band 4 that are combined

· all other bands preceded by the input diplexer, e.g. Band 1, Band 2, Band 5 and Band 8 
Remark that this does only concern the minimum requirements and does not preclude other implementations for which the other bands are not affected; the benefit is that support of multiple band combinations is facilitated by the specification. The impact on a particular band can still be based on a shared-pain approach using the average IL obtained from multiple filter vendors, but with an assessment on how much pain that is caused for a particular operating band. 
Of the bands listed above, Band 2 has a challenging duplex arrangement and Band 13 may need additional front-end changes to minimize GPS interference, and suppose as an example that the remaining bands (including Band 4) do not require any change of the Rel-8/9 output-power requirements. The modification to Clause 6.2.2 for output power would then look like the following, borrowing from DB-DC-HSDPA:
Table 1 (non-CA operation): Allowed adjustment in lower side of tolerance for UE which supports inter-band CA
	EUTRA Band
	Maximum allowed adjustment

in lower side of tolerance (dB)
	Applicable bands

	CA_13A-4A
	-0.5
	2, 12, 17 (also supported),            13 (combined)


with the adjustment assuming that the average diplexer loss is 0.5 dB. A courser granularity is assumed here for simplicity just as for TC.  Band 12 and Band 17 are also included since these may also be supported in the same UE.
For one uplink, no additional changes are needed in the relevant clause for inter-band CA, with TIB the allowed modification in the Pcmax formulae for the inter-band CA case (6.2.5A).
Table 2 (CA operation): Allowed adjustment TIB of lower side of tolerance with inter-band CA
	EUTRA Band
	Maximum allowed adjustment

in lower side of tolerance (dB)

	CA_13A_4A
	13
	-0.5

	
	4
	n/a


For reference sensitivity similar changes should be made, but the bandwidth dimension will increase the complexity. In this case one could finally find use for the MSD to specify the maximum allowed desensitization due to the diplexer insertion loss. For the Band 13 + Band 4 combination, modifications to the Rel-8/9 requirements may be needed to account for the increased insertion loss, using the above example

· Band 13 (combined) is challenging for large bandwidths due to the 30 MHz duplex spacing

· Band 2 may have to be modified for large bandwidths, and small bandwidth due to IP2
· Band 4 for small bandwidths due to IP2
while Band 5 and Band 8 have large margins and could absorb the additional insertion loss. Now, assuming that the same architecture (Figure 2) can support a multitude of combination, a common list could be used for similar combinations, in section 7.3 of 36.101:
For UE(s) supporting CA_13A-4A [and other combinations with large spacing as discussed in Section 2], the MSD is specified in Table 3
Table 3 (non-CA operation): MSD for support of inter-band CA
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	2
	TBD
	n/a
	n/a
	n/a
	n/a
	TBD
	FDD

	4
	TBD
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	13
	
	
	n/a
	TBD
	
	
	FDD

	…
	
	
	
	
	
	
	

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


The requirements with inter-band CA activated could be tested with the uplink active in one of the bands (for RAN5 to decide), which will limit the testing effort. For UE(s) supporting one UL, the requirements apply regardless of the uplink band. We propose 
· not to tighten the minimum sensitivity requirement for the downlink-only band.
The modifications to the Rel-8/9 minimum requirements can be specified as in the table below, the actual performance may be better.
Table 4 (CA operation): MSD for inter-band CA [relative to Rel-8/9]
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_13A-4A
	13
	
	
	
	TBD
	
	
	FDD

	
	4
	
	
	
	n/a
	
	
	FDD


4.2 Combination with harmonic relation

The insertion loss is not the only thing that differentiates the classes of combinations. The architecture in Figure 2 can also support the Band 12/17 + Band 4 combinations, and the specification of the maximum output power would look similar to that above. For Bands 12 and 17, additional TX filtering to suppress the harmonics falling into the Band 4 RX, which necessitate significant MSD for the Band 4 sensitivity when CA is active (MSD of the order of 10 dB). The spectral width of the harmonic product is of the same order as the Band 4 passband for certain Band 12/17 channel assignments as shown in Figure 1. However, even if the Band 4 DL is harmfully interfered by the in-device harmonics when the UL is operated at large output power, the Band 12/17 DL is still functioning. Closer to the site, on the other hand, both downlinks will supply throughput: the UL output power is lower then, the harmonic products thus weaker and the wanted signals stronger. 

[image: image3]
Figure 1: 3rd order TX harmonics falling into Band 4.
The modifications to the Rel-8/9 sensitivity requirements for Band 17A-4A can be specified as for Band 13A-4A in Table 3 for non-CA operation with Band 17 added to the list, and those for CA operation as in Table 5 below: 
Table 5 (CA operation): MSD for inter-band CA
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_17A-4A
	17
	
	
	
	TBD1
	
	
	FDD

	
	4
	
	
	
	TBD2
	
	
	FDD

	Note 1: less than 1 dB or zero
Note 2: “larger” due to harmonics (only specified for the uplink configured in Band 17)


The MSD for Band 4 will be smaller (or zero) with the uplink is configured in Band 4, the same as for Rel-8/9 operation. 
For verifying REFSENS with CA activated for we propose to

· REFSENS with CA active is verified with the uplink configured in the lower band generating the harmonics in the upper band

and specify the minimum requirements such that these can also be met with the uplink configured in the upper band. The latter may not need to be tested since similar to Rel-8/9 operation. Any improvement in the noise-factor performance with the uplink absent should not be accounted for in the minimum requirements (but the actual performance will improve).
The ACS and blocking requirements with CA active may also need modification for combinations with harmonics, see Figure 2. The Rel-8/9 ACS test is carried out with wanted signal levels larger than REFSENS + 14 dB, a modification of the wanted signal level with the MSD allowed Band 4 but with the Band 17 transmitter at Pcmax – 4 dB, hence the wanted signal level may have to be adjusted to e.g.
REFSENS + MSD [with TX at Pcmax – 4 dB] + 14 dB


[image: image4]
Figure 2: the ACS test for combinations with harmonic relation
For UE(s) supporting one UL, we propose that
· ACS for the upper band is verified with the uplink configured in the lower band when CA is active

The blocking requirements may also similar changes: the wanted signal level even lower then, equal or larger to REFSENS + 6 dB depending on the channel bandwidth for the Rel-8/9 tests.

Hence the classification of the combinations is not only relevant for discussing the impact of the insertion loss.
5 In the specification

In what follows we show the how the proposed changes would look like in the specification: note that the combinations and minimum requirements below are only provided as examples.

6.2.2

UE Maximum Output Power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration and UL-MIMO unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
	
	

	2
	
	
	
	
	23
	±22
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±2
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±22
	
	

	21
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	23
	
	
	
	
	23
	±2
	
	

	24
	
	
	
	
	23
	±2
	
	

	25
	
	
	
	
	23
	±22
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	41
	
	
	
	
	23
	±2
	
	

	42
	
	
	
	
	23
	±2
	
	

	43
	
	
	
	
	23
	±2
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.

Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


< modification of the Rel-8/9 requirements, the relaxations only applicable to the bands specified including some that do not belong to the specified combination itself, but affected due to the assumption of an architecture with a diplexer separating all low- and high-frequency bands for setting the requirements >

For the UE which supports inter-band CA, Table 6.2.2-1a specifies the allowed modification of the lower-side tolerance in Table 6.2.2-1 for applicable bands.
Table 6.2.2-1a: Allowed modification in lower side of tolerance for UE which supports inter-band CA
	EUTRA Band
	Maximum allowed modification
of lower tolerance limit (dB)
	Applicable bands

	CA_1A-5A
	-0.3
	1,5

	CA_13A-4A
	-0.5
	2, 12, 13, 17       

	CA_17A-4A
	-0.5
	2, 12, 13, 17


< the Rel-10 requirements for the generic combination CA_5A-1A are also included >

< text omitted >
6.2.2A
UE Maximum Output Power for intra-band contiguous CA

The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 

The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).

For CA Bandwidth Class A, the requirements in Clause 6.2.2 apply. For CA Bandwidth Class C, the maximum output power is specified in Table 6.2.2A-1.
Table 6.2.2A-1: CA UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/-2
	
	

	CA_40C
	
	
	
	
	23
	+2/[-2]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


6.2.2Aa
UE Maximum Output Power for inter-band CA
The following CA UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidths. 
For UE(s) that support inter-band CA with one active uplink, Table 6.2.2.Aa-1 specifies the allowed modification TIB (Clause 6.2.5A) of the lower-side tolerances in Table 6.2.2-1 for the applicable uplink band. 
Table 6.2.2Aa-1 (CA): allowed modification TIB of the lower-side tolerance of the UE Power Class in the applicable uplink band
	EUTRA Band
	Maximum allowed adjustment

TIB for UE Power Class
[dB]

	CA_1A-5A
	1
	-0.3

	
	5
	-0.3

	CA_13A-4A
	13
	-0.5

	
	4
	n/a

	CA_17A-4A
	17
	-0.5

	
	4
	n/a


< text omitted >
< the allowed relaxation of the maximum output power tolerance specified in 6.2.5 is moved to Table 6.2.2-1a above >

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


For the UE which supports inter-band CA configuration the ΔTIB,c is defined for applicable bands in Table 6.2.2-1a and Table 6.2.2Aa-1.

	
	
	


	
	
	

	
	
	


6.2.5B
Configured transmitted power for UL-MIMO
< text 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

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	23
	-104.7
	-101.7
	-100
	-97
	
	
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-99
	-96
	-94.2
	-93
	TDD

	42
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	43
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


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 UE(s) supporting CA_1A-5A, CA_13A-4A and CA_17A-4A, the allowed Maximum Sensitivity Degradation (MSD) is specified in Table 7.3.1-1a. 
< no MSD allowed for CA_1A-5A, the same table can be used for many combinations  >

Table 7.3.1-1a: allowed MSD for UE(s) supporting inter-band CA 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	2
	TBD
	n/a
	n/a
	n/a
	n/a
	TBD
	FDD

	4
	TBD
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	13
	
	
	n/a
	TBD
	
	
	FDD

	17
	
	
	n/a
	TBD
	
	
	

	…
	
	
	
	
	
	
	

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


< 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 chapter 7.3.1.

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.

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
	

	NOTE 1.
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2. 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in clause 6.2.5.
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).


For UE(s) that support inter-band CA with one active uplink, Table 7.3.1A-2 specifies the allowed MSD of the sensitivity as specified in Table 7.3.1-1 for the applicable uplink band with allocations specified in Table 7.3.1-2. 
Table 7.3.1A-2: MSD for inter-band CA
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_1A-5A
	1
	
	
	
	n/a
	
	
	FDD

	
	5
	
	
	
	n/a
	
	
	FDD

	CA_13A-4A
	13
	
	
	
	TBD
	
	
	FDD

	
	4
	
	
	
	n/a
	
	
	FDD

	CA_17A-4A
	17
	
	
	
	TBD
	
	
	FDD

	
	4
	
	
	
	n/a
	
	
	FDD


6 Proposal

We propose that
· the specification of inter-band CA is carried out on a case-by-case basis just like for DB-DC_HSDPA considering the characteristics of the bands combined rather than using a general formula

· a front-end  architecture with a diplexer separating all low and high bands is used as a baseline for specifying the minimum requirements for low-high combinations with sufficient frequency separation, the smallest being Band 8 RX and Band 4 TX, 

· necessary modifications of the minimum requirements should be allowed for other E-UTRA, UTRA or GSM bands supported by the said UE but not combined,

· a front-end with separate diplexers/quadplexers is used as a baseline for specifying the minimum requirements for low-low and high-high combinations.

The same approach should apply for dual uplinks. 

The classes of combinations can remain unchanged, and the requirements are specified so as to allow support of multiple combinations. 
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