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1. Introduction
Inter-band CA has been widely discussed in RAN4. The most difficult issue has been the relaxations Δ TIB and Δ RIB and their applicability. Current agreement applies only for low-high band combinations.  There are lots of other open issues and possible ways to handle the standardization of those. This document further discusses this topic and gives a way forward proposal.
2. Discussion
2.1 Current status and agreements on relaxations
There has been quite a lot online and offline RAN4 discussions related to relaxations with different band combinations (low-high, low-low, overlapping combinations, etc.) There have been disagreements at least with applicability of a relaxation to legacy systems, relaxations for high-high band combinations and how to finalize Rel10 configured transmitted power. Many of the issues are not yet even discussed.
The only agreement [1] on relaxations is for low-high band combinations:

· Δ TIB= 0.3dB, Δ RIB= 0 dB, 
· Applicable for 1.4, 3, 5, 10, 15 and 20 MHz bandwidths 
· Applicable for 1UL only
We notice that open issues are at least related to:
· low-low and high-high combinations

· overlapping combinations
· for example low-high (3+20) + low-low (8+20) 

· for example low-high (3+20) + low-high (20+7)
· applicability to single band LTE 
· applicability to legacy systems

· 2UL

The discussion on this topic has not always been technically oriented but more like trying to agree on numbers without knowledge where they come from and how they should be applied. This contribution goes a bit back and discusses RF front-end reference architectures that could be used as baseline to devise additional losses and relaxations.
2.2 Proposed approach

Handling of individual low-low and high-high combinations is on-going in RAN4, B3+B7 being an example of this. We hope RAN4 can make progress with this combination and also other low-low and high-high combinations as well in near future. However, even after RAN4 has finished all individual combinations there are still a lot of issues to be solved when we begin to discuss relaxations when UE supports multiple band combinations. 

We propose to establish a set of UE RF front-end reference architectures based on the support of band combinations. Furthermore we propose to derive additional losses and corresponding relaxations for each type of band combination based on these UE RF front-end architectures. We recognize this approach is a bit complicated but at least this is tangible as we show figures of possible architectures.
3. Classification into categories
The following band combination categories are discussed:
· Non-generic Low-High 
· Generic Low-High
· Non-generic Low-Low and/or High-High

· Non-generic Low-High + Low-Low and/or High-High
· Generic Low-High + Low-Low or High-High

· Non-generic low-high overlapping with low-low or high-high
· Overlapping Low-Low or High-High
· Generic Low-High + Overlapping Low-Low or High-High

We notice there are several other alternatives for categories. If this approach is considered to be feasible these categories can be reconsidered in the future. Please notice that some of these categories are proposed to be used as baseline to derive relaxations. How this all can be captured in specifications is anyhow a separate but an important issue as the specification should be as simple as possible. 
Some of the architectures depicted below may contain some additional bands (like Band A, Band B) not relevant for inter-band CA. These bands are included in figures to describe proposed relaxations for such bands.
The treatment of band combinations that have harmonic or intermodulation relation are discussed separately in chapter 3.9. This contribution discusses 1UL scenarios only.
3.1 Non-generic Low-High

This category presents a UE that supports one Low-High band combination 
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Relaxations for UE supporting one Low-High band combination:

- Δ TIB = 0 dB, Δ RIB= 0 dB for Band A and Band B
- Δ TIB =0.3dB, Δ RIB= 0 dB for L1 - H1 combination
This architecture reflects current agreement for low-high band relaxations. The advantage of this architecture is that the additional loss burdens only constituent bands, like L1 and H1 in figure above but not Band A and Band B.
3.2 Generic Low-High
This category presents a UE that supports multiple (also overlapping) Low-High band combinations. 
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Proposed relaxations for UE supporting multiple Low-High band combinations:

- Δ TIB =0.3dB, Δ RIB= 0 dB for L1-H1 combination, L1-H2 combination and Band A 
The disadvantage of this architecture is that the additional loss burdens all bands UE supports, like single band A in figure above. One of the advantages is that this architecture supports also overlapping low-high combinations.
This architecture could be used for instance when UE supports B20+B7 and B20+B3
3.3 Non-generic Low-Low and/or High-High

This category presents a UE that supports non-overlapping Low-Low and/or High-High combinations. 
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Proposed relaxations for UE supporting some Low-Low and/or High-High band combination(s):

- Δ TIB = 0 dB, Δ RIB= 0 dB for Band A 

- Δ TIB and Δ RIB for L1 - L2 combination and H1 - H2 combination will be based on average IL of a diplexer and a quadplexer additional IL (same approach that is used for instance in B3+B7 discussions)
This architecture could be used for instance when UE supports B8+B20 and B3+B7
3.4 Non-generic Low-High + Low-Low and/or High-High
This category presents a UE that supports one Low-High band combination and non-overlapping Low-Low and/or High-High combinations. Note that this architecture is only a combination of architectures in 3.1 and 3.3 
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Proposed relaxations for UE supporting one Low-High + some Low-Low and/or High-High band combination(s):

- Δ TIB = 0 dB, Δ RIB= 0 dB for Band A and Band B

- Δ TIB =0.3dB, Δ RIB= 0 dB for L1 - H1combination
- Δ TIB and Δ RIB for L2 - L3 combination will be based on average IL of a diplexer and a quadplexer additional IL
The advantage of this architecture is that the additional loss burdens only constituent bands, like L1 and H1 and L2 and L3 in figure above but not Band A and Band B. 
This category just reflects that categories 3.1 and 3.3 could be combined due to similarities in architectures. Looking at current band combination WI’s there is no natural example of band combinations for this category.

3.5 Generic Low-High + Low-Low and/or High-High
This category presents a UE that supports any (also overlapping) Low-High band combinations and certain Low-Low and/or High-High combinations. Please note that this category supports also Low-Low or High-High combinations that are overlapping with Low-High combinations.
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Proposed relaxations for UE supporting any Low-High band combinations and certain Low-Low and/or High-High combinations that may overlap with low-high combinations:

- Δ TIB =0.3dB, Δ RIB= 0 dB for L1 - H1 combination and for Band A
- Other Low-High combinations: Δ TIB =0.3dB, Δ RIB= 0 dB for Band L1 and Band H1 in any other Low-High combination. Δ TIB  and Δ RIB  for Band L2, L3, H2 and H3 will be based on the sum of an additional loss of a diplexer and average of a diplexer and a quadplexer additional IL. 
- Δ TIB and Δ RIB for Band L2 - L3 combination will be based on the sum of an additional loss of a diplexer and average of a diplexer and a quadplexer additional IL
- Δ TIB and Δ RIB for Band H2 - H3 combination will be based on the sum of an additional loss of a diplexer and average of a diplexer and a quadplexer additional IL
This architecture could be used for instance when UE supports B20+B7 and B3+B7 and B8+B20

3.6 Non-generic low-high overlapping with low-low or high-high

This category presents a UE that supports one low-high combination and low-low or high-high combination that overlaps with low-high combination
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Proposed relaxations for UE supporting one Low-High band combination and low-low or high-high combination that overlaps with low-high combination:

- Δ TIB = 0 dB, Δ RIB= 0 dB for Band A 

- Δ TIB =0.3dB, Δ RIB= 0 dB for Band L1 

- Δ TIB and Δ RIB for Band H1 when combined with Band L1 will be based on the sum of additional loss of a diplexer and a switch

- Δ TIB and Δ RIB for Band H2 will be based on average of a diplexer and a quadplexer additional IL. 

- Δ TIB and Δ RIB for Band H1 when combined with Band H2 will be based on the sum of an additional loss of average of a diplexer and a quadplexer and a switch

This architecture could be used for instance in case UE supports B3+B20 and B3+B7 
3.7 Overlapping Low-Low or High-High
This category presents a UE that supports overlapping Low-Low or High-High. 
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Proposed relaxations for UE supporting overlapping Low-Low or High-High combination(s):

- Δ TIB = 0 dB, Δ RIB= 0 dB for Band A and Band B

- Δ TIB and Δ RIB for Band H2 and Band H3 will be based on average of a diplexer and a quadplexer additional IL.

- Δ TIB and Δ RIB for Band H1 will be based on the sum of additional loss of average of a diplexer and a quadplexer additional IL and a switch.

This architecture could be used for instance when UE supports B3+B7 and B4+B7

3.8 Generic Low-High + overlapping Low-Low or High-High

This category presents a UE that supports any Low-High combinations and certain overlapping Low-Low or High-High combinations.
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Proposed relaxations for UE supporting any Low-High band combinations and certain overlapping Low-Low or High-High combinations.
- Δ TIB =0.3dB, Δ RIB= 0 dB for L1 - H1 combination

- Other Low-High combinations: Δ TIB =0.3dB, Δ RIB= 0 dB for Band L1 in any other Low-High combination. Δ TIB  and Δ RIB  for Band H3  and H4 will be based on the sum of the additional loss of a diplexer and average of a diplexer and a quadplexer additional IL. Δ TIB  and Δ RIB  for Band H2 will be based on the sum of the additional loss of a diplexer and average of a diplexer and a quadplexer additional IL and a switch.

- Low-Low and High-High combinations: Δ TIB and Δ RIB for Band H3 and Band H4 will be based on the sum of additional loss of a diplexer and average of a diplexer and a quadplexer additional IL. Δ TIB and Δ RIB for Band H2 will be based on the sum of additional loss of a diplexer, average of a diplexer and a quadplexer additional IL and a switch  

This architecture could be used for instance when UE supports B3+B20 and B3+B7 and B4+B7. 
3.9 Treatment of band combinations that have harmonic or intermodulation relation

Currently there are two band combinations that have harmonic relation, B4+B17 and B4+B12. We recognize that these combinations need to be carefully treated in order to achieve desired results. Basically additional filtering (resulting larger insertion loss) or MSD or combination of these two could be used. One option could also be to standardize these band combinations as category A1, but realizing that in some scenarios the performance is deteriorated. 

We propose to first select the method for standardizing relaxation for band combinations with harmonic relation. After method (additional filtering, MSD, unspecified, etc.) selection the standardization process should be pretty straightforward. We hope operators would give feedback on their preferences during #62bis.
Intermodulation can be a problem only in case of two uplinks. Current agreement of low-high band combinations is applicable to 1 UL only. We are not giving proposals on how to treat band combinations that have intermodulation relation with 2UL in this contribution. 
3.10 Applicability to legacy systems

Applicability of relaxations to legacy systems is seen as important but a separate topic. Thus it is not discussed in this contribution.
4. Proposed way forward
A big number of different UE front-end architectures depicting different scenarios were discussed. We propose that RAN4 selects certain reference architectures as baseline for devising Δ TIB and Δ RIB for the open band combination combinations. We understand that the actual implementations may vary from the architectures discussed above.  However, we feel that there is a need to capture all possibly relevant type of band combinations in the specification.
It is still an open issue how all of this can be captured in specifications. We understand that more discussion is needed before any text proposals can be agreed. We are not proposing to mention discussed reference architectures in the specifications. Instead RAN4 should find suitable and as simply as possible format to capture relaxations in specifications based on the type of the band combinations UE supports. This might turn out to be difficult even RAN4 would be able to agree relaxation values in multiple scenarios. We hope that RAN4 can agree at least some of the mechanisms for devising additional losses during #62bis to speed up the standardization work 

Our proposals are listed below. 
Proposal 1: Agree method for devising relaxation values in case UE supports multiple low-high band combinations. Architecture 3.2 is used as baseline
· Example: “For a UE that supports multiple low-high band combinations the Δ TIB =0.3dB and Δ RIB= 0 dB
for all bands UE supports”

Proposal 2: Agree method for devising relaxation values in case UE supports any low-high band combinations that overlap with low-low and/or high-high band combination. Architecture 3.5 is used as baseline
Proposal 3: Agree method for devising relaxation values in case UE supports one low-high band combination that overlaps with low-low and/or high-high band combination. Architecture 3.6 is used as baseline

Proposal 4: A relaxation given for each band is applied to single-band operation
· Example: If Band L1 gets Δ TIB =0.3dB same relaxation is applied when L1 is operated in single band mode

· Example: If band L2 gets Δ TIB =0.8dB due to for instance some overlap scenario (more than one additional lossy component on signal path required) the same Δ TIB =0.8dB is applied when L2 is operated in single band mode 
Proposal 5: Select method for handling band combinations with harmonic relation

· Additional filtering suppression H3 enough (results as larger insertion losses and relaxations)

· MSD (allow high-band DL to be desensitized due to low band H3 hitting on top of it)

· Combination of additional filtering and MSD

· No additional specification (performance of high-band DL is deteriorated when low band transmission happens concurrently with high-band reception)

· Etc.
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