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1. Introduction
In previous RAN4 meetings, the additional insertion loss coming from combining two bands for simultaneous LTE operation has been widely discussed and diplexer insertion loss data from different filter vendors have been presented [1] [2] [3] [4] [5] [6] [7].

It has been discussed extensively whether and how the additional insertion loss would be applied to Maximum Output Power (MOP) and/or Reference Sensitivity (REFSENS) in terms of a possible relaxation.

During the last RAN4#58AH and #59 meetings, a framework for the inter-band LTE non-contiguous carrier aggregation has been approved [9] [10] [12]. The present contribution would like to offer to the group a way forward for addressing the issue of the additional insertion loss within such framework.

2. Discussion

During the last RAN4#59 meeting a classification of different band combinations have been defined [8]. The aim of such classification would be to streamline the definition of RF requirements for band combinations belonging to the same group, since each group addresses band combinations with similar characteristics. Thus, the commonalities among band combinations belonging to the same group could be exploited when deriving the requirement definition in a common way. The following classes have been defined in [8]:

· Low-high band combination without harmonic relation between bands

· Low-high band combination with harmonic relation between bands

· Low-low or high-high band combination without intermodulation problem (low order IM)

· Low-low or high-high band combination with intermodulation problem (low order IM).

In addition, according to [8] a “low” band is fully contained in the range < 1 GHz, while a “high” band is fully contained in the range > 1.7 GHz; band combinations with operating bands in the range of 1.5 GHz are designated into the above classes on a case-by-case basis.
The proposals contained in the present contribution have been elaborated in order to be applicable to any of the above classes. 
As a general principle, the “shared pain” approach should be used when discussing the possible impacts to MOP and/or REFSENS due to the additional insertion loss. On this basis, both UE vendors and operators carry part of the penalty: for UE vendors this means a need to develop and use new and better performing components, while for the operators this means to take the possible relaxations to MOP and/or REFSENS into account when designing network. Several positive opinions on such approach have been stated during previous meetings [4] [5] [6].

Proposal 1: The “shared pain” approach will be used  when discussing the possible impacts to MOP and/or REFSENS due to the additional insertion loss.
During past RAN4 meetings, some diplexer insertion loss data from different filter vendors have been presented [2] [4] [5] [6] [7] [11]. The most conservative insertion loss values at Extreme Temperature Condition (ETC) have been considered in previous discussions, as already done for the HSDPA dual band case [11]. For bands where the frequency separation is small (e.g. the high-high combination with bands 3 +7) quadplexer may be considered. In the light of a fair assessment of the impact, it is proposed to use the average of the different insertion loss values at ETC as derived from the obtained data for diplexer and quadplexer. As already captured in [14], the additional insertion loss values will be considered on as band-by-band basis for each band combination. In addition, it is important to use data for diplexer and quadplexer dedicated to each specific band combination; in the case future terminal will need to support many inter-band carrier aggregation combinations then a new specification could be done. Finally, as already presented in [5], the insertion loss values can be different between TX and RX bands, especially in case of large TX-RX separation; therefore, it is also proposed to consider specific values of insertion loss for TX and RX bands.
Proposal 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. 
At RAN4#58AH meeting, two factors named “∆TIB” and “∆RIB” have been introduced in 36.807 [12], in order to take into account the possible impact respectively to MOP and REFSENS when combining two bands for inter-band carrier aggregation. As already captured in [12], the values for such factors will be derived on a band-by-band basis for each band combination, taking into account the average insertion loss value derived as stated above in proposal 2.
During last RAN4#59 meeting, several proposals have been presented on how to derive the value for such factors, without reaching any agreement [4] [5] [6] [7]. Nevertheless, looking at the different proposals, some of them are assuming about 0.5 dB of margin for the additional insertion loss, i.e. for insertion loss values lower than or equal to 0.5 dB, the corresponding impact to MOP and REFSENS could be considered negligible [4] [5]. In [6] it is then proposed to consider half of the insertion loss value rounded to the closest 0.1 for the “∆TIB” and “∆RIB” factors, and this approach could seem fair under some constraints. During the discussion held in the previous RAN4 meeting, it was also discussed about the possible asymmetry between the TX and RX chains in terms of impact to respectively MOP and REFSENS when combining two bands for inter-band carrier aggregation, and it has been initially reflected in [5] and [7]; in addition, an example of the asymmetry between the TX and RX chains can be observed in the HSDPA dual band case for some band combinations [13] [14]. Another point that have been discussed during past RAN4 meetings is the Tx noise reduction impact on ΔRIB per band combination basis when 1UL only is active, and it was concluded that RAN4 needs to consider this aspect [12]. Finally, another issue that could cause an asymmetry between the impact to MOP and REFSENS is the presence of harmonics or intermodulation products [15] [16], however this situation could be also addressed separately.
On this basis, taking into account the points discussed above, the following general rule is proposed in order to derive values for “∆TIB” and “∆RIB” factors:
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where:

- IL is the average of different additional insertion loss values (see proposal 2)
- 
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 represents the mathematical operator for rounding to the lowest integer value 
- δtIB is a correction factor to possibly take into account the asymmetry between TX and RX chains on the MOP 
- δrIB is a correction factor to possibly take into account the asymmetry between TX and RX chains on the REFSENS.
It is worth to note that the aim of δtIB and δrIB correction factors is to take into account: the different impact on MOP and REFSENS, the Tx noise reduction impact on ΔRIB if having only one UL, harmonics and/or inter-modulation products (two simultaneous ULs) falling into one of the two inter-bands. The granularity of δtIB and δrIB is 0.1 dB. In case no additional effect needs to be accounted, δtIB and/or δrIB are simply assigned 0 dB.
Proposal 3: Use the following rule for deriving the values for “ΔTIB” and “ΔRIB” for each band of the band combination:
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It is a common understanding that the additional insertion loss values reported above, and thus the corresponding derived “∆TIB” and “∆RIB” values, are based on the present state of the art technology. In the future it is reasonable to expect that the technology will improve and then additional insertion loss values could therefore decrease, and even the derived “∆TIB” and “∆RIB” values could be reduced. As a further proposal, in analogy to what has been concluded for the HSDPA dual band case [13] [14], the following note should be added below the “∆TIB” table 6.2.5A and “∆RIB” table 7.3.1A-2 in TR 36.807 and in the corresponding updates to TS 36.101:
The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.
Proposal 4: The following note will be added below the “∆TIB” and “∆RIB” tables in TR 36.807 and in the corresponding updates to TS 36.101:

The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.

3. Example of calculation

During last RAN4#59 meeting, it was concluded that for ΔTIB and ΔRIB values in the case of inter-band carrier aggregation between band 1 and band 5 [9] [10], setting ΔTIB = 0.3 dB and ΔRIB = 0 dB for both bands. The values have been taken directly from the corresponding relaxations allowed to MOP and REFSENS in the HSDPA dual band case [14]. In this section, an example of calculation of the same factors using the rule presented above in proposal 3 is reported.

It has to be noted that due to unavailability of separate data for TX and RX bands, it was not possible to consider specific values of insertion loss for TX and RX bands in the example. In addition, for the same reason the data considered for such example are based on multi-band diplexers not dedicated to the specific band combination 1+5.

Table 1 reports the additional insertion losses data for bands 1 and 5 presented in the group during previous RAN4 meetings, and the corresponding rounded average Insertion Loss (IL) value.

	E-UTRA 
Bands

	[11]
	[11]
	[11]
	[2]
	
[4]
	[5]
	Average IL

	1

	0.5
	0.5
	0.55
	0.58

	0.55

	0.40
	0.51

	5

	0.5
	0.5
	0.55
	0.49

	0.32

	0.40
	0.46


	
	


Table 1 - Additional insertion losses data for bands 1 and 5 as presented in the group during previous RAN4 meetings, and corresponding average IL [11] [2] [4] [5]
In the case of band 1+5 combination, an asymmetry of 0.3 dB can be assumed between TX and RX, with RX chain less impacted by the insertion loss, in analogy to what has been already concluded for the same bands in case of HSDPA dual band operations [11] [13] [14]. Therefore, values as δtIB = 0 dB and δrIB = 0.3 dB can be used.

On this basis, the following values for ΔTIB and ΔRIB can be derived on the basis of the rule presented above in proposal 3, starting from the average IL as evaluated in table 1:
	E-UTRA 
Bands
	Average IL
	ΔTIB
	ΔRIB

	1
	0.59
	0.2
	0

	5
	0.52
	0
	0


Table 2 Derivation of values for ΔTIB and ΔRIB on the basis of proposal 3

Similar calculations can be done for the other band combinations once it is needed. In order to have a good averaging on IL, a reasonable number of different data for diplexer and/or quadplexer should be available.
4. Conclusion

This contribution proposes a way forward for addressing the issue of the additional insertion loss within the inter-band non-contiguous carrier aggregation framework. The following proposals are presented in order to be applicable to any of the band combinations classes as defined in [8]:

Proposal 1: The “shared pain” approach will be used  when discussing the possible impacts to MOP and/or REFSENS due to the additional insertion loss.
Proposal 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 separate values on TX and RX bands. 

Proposal 3: Use the following rule for deriving the values for “ΔTIB” and “ΔRIB” for each band of the band combination:
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Proposal 4: The following note will be added below the “∆TIB” and “∆RIB” tables in TR 36.807 and in the corresponding updates to TS 36.101:

The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.
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