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1. Introduction
Method for relaxation of Maximum output power and reference sensitivity has been actively discussed in past meetings [1, 2, 3, 4]. The following way forward was agreed in previous meeting (#59AH) [4]

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 (see proposal 1 in [1]).
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 (see proposal 2 in [1]). 

3. For the next meeting the work should focus primarily on band combination classes A, B and C.
4. As a working assumption, the work will proceed on a case by case basis, taking into account the general principle that might be developed for each combination class (see option 1 in [4]).
In RAN4 meeting #59 the following tentative classes were defined for inter-band CA:

A1.
Low-high band combination without harmonic relation between bands

A2.
Low-high band combination with harmonic relation between bands

A3.
Low-low or high-high band combination without intermodulation problem (low order IM) 

A4.
Low-low or high-high band combination with intermodulation problem (low order IM)

Combinations with operating bands in the 1.5 GHz are designated into the above classes on a case-by-case basis.

This contribution proposes a method for IL mapping for inter-band CA classes A1, A2, and A3. 
2. Discussion

In RAN4 meeting #59AH held in Bucharest there were two proposals on how to map additional insertion losses for maximum output power and REFSENS relaxations. There were some concerns on both of these contributions and it was decided that more work is needed before final agreement. Based on further analysis and comments on discussions we propose the following method. 

One of the agreements in way forward [4] was:

“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”
However, there is only one MAX IL value per port in diplexer specifications. For given port on certain frequency range IL in practice independent on the direction (TX or RX). Thus we propose to use only one common IL value. Additionally, there must be sufficient amount of IL data available before average IL values can be calculated.
Proposal 1: Use the average additional Insertion Loss (IL) of the obtained data for diplexer and quadplexer with the insertion loss given at ETC. Average IL value for each band is calculated using sufficient amount of IL data.
The most discussed issue has naturally been the equations on how to calculate possible relaxations to maximum output power (Pcmax) and REFSENS. The ∆TIB and ∆RIB formulas and how to possibly take the effect of non-existence of the TX noise on another DL into account have been unsolved issues so far. 
Taking the effect of non-existence of the TX noise into account would bring undesired extra complexity to specifications (more REFSENS values) and testing. Especially the burden in testing is seen as major problem. It has to be noted that as said in [3] the effect of increased sensitivity due to non-existence of the TX noise is seen in real operation no matter if it is specified or not. Based on these facts, it is proposed to find alternative ways to handle this effect in ∆RIB
Based on our brief simulations, the effect to DL REFSENS when UL on the same band is not active is max ~0.2dB on bands 2, 3, 4, 5, 7 and max ~0.8dB on bands 12, 13, 17 and 20. 
It is proposed to compensate the effect of non-existence of the TX noise by increasing the earlier proposed [1, 3] IL limit that results in no relaxation to ∆RIB from 0.5dB to 0.6dB. By doing this the increased complexity in specification and testing could be avoided. 
Proposal 2: The effect of non-existence of the TX noise is not directly taken into account. This effect is however compensated in ∆RIB (see proposal 3, 4) 
Previously it has been proposed to apply a rule to IL saying that if 
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then no relaxation is applied to either TX or RX. On the TX side, some relaxation is however needed even with IL values lower or equal to 0.5dB in order to not to sacrifice UE battery life and to avoid increased heat emissions from the UE. On the RX side the rule is proposed to be slightly modified to take also scenarios in category A2 into account where additional IL is low but harmonic relation is present. Thus we propose to add a constant term of -0.3dB to ∆RIB formula instead of saying “if 
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then no relaxation is applied”. 
Taking these aspects into account, we propose to use the following formulas for terms ∆TIB and ∆RIB for categories A1 and A3: 
Proposal 3:




[image: image3.wmf](

)

(

)

ï

î

ï

í

ì

´

-

´

=

D

´

=

D

10

/

3

.

0

10

2

/

10

,

0

max

10

/

2

/

10

,

0

max

IL

R

IL

T

IB

IB


Where:

-IL is the average of sufficient amount of additional IL values (see proposal 1)

- 
[image: image4.wmf]represents the mathematical operator for rounding to the closest integer value

In category A2 the harmonic relation between low and high bands must be taken into account. Generally, the harmonic problem can be mitigated by relaxing maximum output power of the aggressor TX or relaxing the reference sensitivity of the victim RX. Of course, the solution can be a hybrid of these two. It requires a lot more discussions, analysis and simulation work to figure out required amounts of relaxations to handle harmonic relations. At this point we propose to add terms 
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to equations.
Taking these aspects into account, we propose to use the following formulas for terms ∆TIB and ∆RIB for category A2:
Proposal 4:
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Where:

- IL is the average of sufficient amount of additional IL values (see proposal 1)

- 
[image: image8.wmf]represents the mathematical operator for rounding to the closest integer value

- 
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is a term to take harmonic relation into account in maximum output power

- 
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 is a term to take harmonic relation into account in REFSENS
Proposal 5: How to into account if UE supports multiple band combinations is FFS
3. Example comparisons
In this chapter we present some comparisons between recent proposals for relaxations in category A1. 
Table 1 shows ∆TIB and ∆RIB   values calculated according to Nokia proposal [3], Operator’s proposal [1] and this Renesas proposal.  The calculations are done with different additional IL values to illustrate the effect to ∆TIB and ∆RIB .
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Nokia 0 0.2 0 0.3 0 0.3 0.3 0.3 0.4 0.4

Operator, with 0.3dB TX/RX impact difference 0 0 0 0 0 0 0 0.3 0.1 0.4

Renesas 0 0.2 0 0.2 0 0.3 0 0.3 0.2 0.4


Table 1 Comparisons
4. Conclusion

This contribution proposes method for requirement work for operating band combination classes A1, A2, and A3. We hope that RAN4 can reach an agreement on this in Athens meeting or at least have fact-based technical discussion between different stakeholders.
Proposal 1: Use the average additional Insertion Loss (IL) of the obtained data for diplexer and quadplexer with the insertion loss given at ETC. Average IL value for each band is calculated using sufficient amount of IL data

Proposal 2: The effect of non-existence of the TX noise is not directly taken into account. This effect is however compensated in ∆RIB (see proposal 3, 4) 
Proposal 3:
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 for categories A1 and A3
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for category A2
Proposal 5: How to into account if UE supports multiple band combinations is FFS
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