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1. Introduction
Additional relaxations (Δ TIB, Δ RIB ) due to inter-band CA have been widely discussed in RAN4 for a long time. In previous meeting there were several contributions [2, 3, 4] around this topic. It can be clearly seen that there is still some way to go to resolve discrepancies in opinions between some operators [3] and vendors [2,4]. This paper once again discusses this issue and brings some new thoughts to discussion, in an attempt to find an approach which can be a satisfactory compromise. 
2. Discussion
2.1 Current status 
In our understanding, biggest concerns expressed in [3] related to vendor proposals (for instance in) [2, 4] are the magnitude of the relaxations in case UE supports multiple band combinations and especially in case of overlapping band combinations and to the applicability to the legacy systems. Applicability to the legacy systems is seen difficult at least because the legacy networks are already deployed and potential relaxations would potentially degrade network coverage. 
2.2 Open issues
We notice that open issues are at least related to:
1. low-low and high-high combinations
There has been a lot of discussion on B3+B7 and also some discussion on B5+B12 relaxation. We are not proposing any changes to the current band combination case by case procedure. We believe that if RAN4 is able to agree “big picture” and methodology for considering relaxations, then it will be easier to agree relaxations for individual low-low and high-high band combinations.
2. overlapping combinations
Overlapping combinations are problematic, as the actual additional insertion loss depends heavily on the implementation architecture and on the bands that are supported by the UE. RF FE cost, complexity, availability, and other issues set certain boundaries to the implementation architecture. 
a. for example low-high (3+20) + low-low (8+20) 

b. for example low-high (3+20) + low-high (20+7)
Our opinion is that the relaxations (Δ TIB, Δ RIB) should be calculated from the average values of the additional insertion losses using certain formula(s). Furthermore, average additional insertion loss should be based on average additional insertion loss of additional component(s) in reference architecture. 
One of the practical difficulties is how to capture agreements into the specification without making it too complex, purely band combination specific or something like that. Instead, the specification should be based on the type of band combinations (low-high, low-low, etc.)

 An important question is obviously how to devise additional insertion loss in case UE supports overlapping combinations. In case UE supports only low-high combinations then the additional insertion loss should be based on one diplexer, as is agreed for any individual low-high combination [1]. 
We propose the following rules for classes A1-A2:
1) Relaxations for UE that supports one low-high band combination as earlier agreed. (Δ TIB = 0.3dB, Δ RIB=0dB).  Allow certain extra Δ TIB and MSD for bands that have harmonic problem.
2) Relaxations for UE that supports non-overlapping low-low and/or high-high combinations:



-Based on average loss of a diplexer and a quadplexer (current B3+B7 approach)

3) Relaxations for UE that supports overlapping low-high combinations: Δ TIB = 0.3dB, Δ RIB=0dB for each bands (A, L1, H1, H2 in Figure 1 below). Allow additional Δ TIB and MSD for bands that have harmonic problem.
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Figure 1 Low-High architecture
4) Relaxations for UE that supports overlapping low-high combinations and low/low and/or high-high combinations:



-For bands that are used only in low-high combinations: Δ TIB = 0.3dB, Δ RIB=0dB (Band L1 in figure below)


-For bands that are used also in low-low and/or high-high combinations: Relaxation is based on diplexer IL + average of diplexer and quadplexer additional IL (Bands H1, H2 in Figure 2 below)


- Allow additional Δ TIB and MSD for bands that have harmonic problem.


[image: image2.emf]ANTENNA SWITCH

DIPLEXER

DUPLEXER

ANTENNA SWITCH

Band H1 Band L1

QUADPLEXER

Band H2


Figure 2 Overlapping low-high and low-low and/or high-high architecture
As a practical example related to Figure 2: UE supports B3+B20, B7+B20, B3+B7


=> Relaxation for B20: Δ TIB = 0.3dB, Δ RIB=0dB


=> Relaxation for H1, H2: Based on total additional insertion loss: diplexer insertion loss and average of diplexer and quadplexer additional IL. Formula to be discussed in RAN4#63
5) For other type of UE’s relaxations are FFS
3. applicability to single band LTE 

  6) Any relaxation given for any band applies also for single band LTE operation
4. applicability to legacy radio access technologies
Based on the past discussions in RAN4 this seems to be the most difficult topic. Our opinion is that if certain band gets relaxation in LTE, the same relaxation should apply also for legacy RATs (GERAN, UTRA). This is because the same additional passive component(s) is/are parts of the TX or RX chain in most cases, and it is essential that 3GPP specifications support reuse of antennas and RF for different RATs to allow cost efficient implementations with low component count.
  7) Any relaxation given for any band in LTE applies also for GERAN and UTRA
5. 2UL

2UL’s have not been considered in this contribution.
2.3 Reference architecture considerations
One of the points in recent discussions has been which reference architecture to use or should RAN4 use reference architecture at all. Single-feed antenna architecture has been used as a baseline in vendor contributions [for instance 2, 4]. Single-feed antenna architecture was (at least implicitly) the reference architecture for the only current agreement [1].
In general, additional losses due to inter-band CA are smaller in case of multi-feed antenna architecture compared to single-feed antenna architecture. For instance, one can avoid using a diplexer to separate low and high bands at the antenna if multi-feed antenna architecture is used instead of single-feed antenna architecture. 
In order to make progress, we conditionally propose:

           8) Discuss two sets of relaxations:

-One set based on single-feed antenna architecture

-One set based on multi-feed antenna architecture

All relaxation values and reference architectures depicted above in this contribution (and in general in all of our earlier contributions on this topic) are based on single-feed antenna architecture; corresponding multi-feed numbers can be expected to be lower and in some cases zero. The conditions for our proposal to consider multi-feed antenna relaxations are depending on general agreement for relaxations for single-feed antenna architecture. The list of required agreements is as follows:

-Agree relaxations for different type of supported combinations (proposals 1-5)

-Agree applicability to LTE single band (proposal 6)

-Agree applicability to legacy systems (proposal 7)

In short: Agree proposals 1-7. If all of those are agreed then discuss another set of relaxations that would be based on multi-feed antenna architecture.
By doing this we could derive well-justified specifications for both possible implementation options from a sound technical basis. On the other hand, one set of relaxations would be simpler from specification point of view, but it seems very difficult to find a compromise that would be satisfactory for all parties. “Averaging” has been often used in recent discussions and we admit that it works in some cases. However, averaging relaxations between RF-FE’s assuming different antenna architectures is not a viable approach, because it would in principle exclude the possibility to implement single-feed antenna RF front end without too drastic increase in UE current consumption.
3. Conclusions
Inter-band CA relaxations were discussed. As a completely new proposal, we conditionally propose to discuss two different set of relaxation values based on the actual antenna-feed architecture.
Our proposals for classes A1 and A2 are listed below. Proposal 8 is conditional to agreement of all other proposals (1-7). 
1) Relaxation for UE that supports one low-high band combination as earlier agreed: Δ TIB = 0.3dB, Δ RIB=0dB. Allow certain extra Δ TIB and MSD for bands that have harmonic problem.
2) Relaxation for UE that supports non-overlapping low-low and/or high-high combinations: Δ TIB , Δ RIB based on average loss of a diplexer and a quadplexer (current B3+B7 approach)

3) Relaxation for UE that supports overlapping low-high combinations: Δ TIB = 0.3dB, Δ RIB=0dB for each bands UE supports. Allow certain extra Δ TIB and MSD for bands that have harmonic problem.

4) Relaxation for UE that supports overlapping low-high combinations and low/low and/or high-high combinations:

-For bands that are used only in low-high combinations: Δ TIB = 0.3dB, Δ RIB=0dB



-For bands that are used also in low-low and/or high-high combinations: Relaxation is based on diplexer IL + average of diplexer and quadplexer additional IL 



   
-Allow certain extra Δ TIB and MSD for bands that have harmonic problem.
5) For other type of UE’s relaxations are FFS
6) Any relaxation given for any band applies also for single band LTE operation
7) Any relaxation given for any band in LTE applies also for GERAN and UTRA

8) Discuss two set of relaxations:

-One set based on single-feed antenna architecture

-One set based on multi-feed antenna architecture
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