
3GPP TSG-RAN WG4 Meeting #74
R4-150139
Athens, Greece, February 9th – 13th, 2015
Agenda item:
11
Source: 
Intel Corporation 
Title: 
3DL/2UL CA combinations and their RF implementation
Document for:
Approval
1
Introduction
In the last RAN4 and RAN plenary meetings there have been some discussions about combining 3DL CA with 2UL CA. This paper discusses the possibilities and some issues of combining these. Proposals are done how to deal with it in 3GPP.
2
General Considerations on 3DL/2UL CA
Most of the currently defined 3CA combinations have 3DL/1UL. The only exception are some band combinations with intra-band contiguous CA. When defining these 3DL CA combinations with 1UL, only the interference from a single UL on any of these bands into any of the receive bands have been considered. When looking at the 2UL combinations specified until now we have only some intra-band contiguous CA combinations, a single intra-band non-contiguous UL CA combination and several inter-band CA combinations. Also here during the specification work only interference of these two uplinks into the corresponding two downlinks have been considered.

When looking at 3DL/2UL we see, that there are three 2UL combinations that could be used with a 3DL combination. For example for a DL band combination A+B+C there could be A+B, A+C or B+C as the uplink combinations. However, when A+B is used as UL, there has not been any check if there is interference into the RX on carrier C, therefore it is required to do additional work in RAN4 to specify the new combination with DL A+B+C / UL A+B.

Proposal 1: Combining a 3DL CA combination with a 2UL CA combination requires the 3DL/2UL combination to be specified in the 3GPP specs additionally  

Comparing 3DL/1UL CA with 3DL/2UL CA, it needs to be noted that while it is necessary to have the 1UL on any band, since this is the Pcell where the connection starts with, it is not essential to have the 2UL combination on any of the three possible carrier combinations, as in any case there is the possibility to continue with 1UL. Especially since there are multiple 2UL CA combinations that have some issues and cannot be combined with 3DL, the three 2UL CA combinations that could theoretically be used with a 3DL CA combination should be specified separately. Additionally it shall not be mandatory to support all three 2UL sub-combinations.
Observation 1: If adding a second uplink is not possible, the device can still operate with the single uplink without service interruption
3
Combining 2UL with 3DL CA
Since the receiver cannot interfere with the transmitter, but the transmitter with the receiver, it is much easier to aggregate RX carriers while aggregating TX carriers usually results in issues with intermodulation and power efficiency. For example FDD non-contiguous intra-band CA can be done for the receiver but is extremely critical for the transmitter. Therefore we just look at the 2UL features here.
3.1
2UL features
2UL CA can be sub-divided in several features that the UE has to support. These are:

· Intra-band contiguous UL CA 
· Intra-band non-contiguous UL CA

· Inter-band UL CA

Inter-band UL CA may be further sub-divided in multiple other sub-features like frequencies of the bands (e.g. low/low, low/high, high/high bands) and FDD/FDD, FDD/TDD or TDD/TDD. A UE may be able to support some of these 2UL CA features but not all, since supporting a feature usually has significant impact on the UE architecture.

3.1.1
Intra-band contiguous 2UL

Intra-band 2UL CA is already specified from the beginning of CA and is the easiest 2UL CA. It can be done with a single TX chain that needs to have a wider bandwidth compared to 1UL. However, it usually generates a wider signal that results in higher out of band emissions. To mitigate this, there is some MPR and/or A-MPR allowed to be able to fulfill the emissions requirements. However, for FDD bands with a narrow duplex gap and distance the intermodulation products can affect the receiver as well resulting in resource block limitations to get the best sensitivity.
3.1.2
Intra-band non-contiguous 2UL

Intra-band non-contiguous UL CA is currently only specified for band 4 because band 4 has 400MHz duplex distance. There is a good reason for this, since for basically all other FDD bands low order intermodulation products of the two carriers fall into one or more of the RX bands due to the small duplex distance. For these band combinations either significant power reductions, resource block restrictions or MSD would be needed. Therefore FDD intra-band non-contiguous UL CA is not recommended to be used. It should also not be used in conjunction with 3DL CA.
Intra-band TDD non-contiguous UL CA is not defined yet. There would be no issue with the TX signal interfering with the RX since both are not active at the same time. However, still there may be significant power reduction required to fulfill out of band emissions requirements.

3.1.3
Inter-band 2UL

Currently 3GPP has defined several FDD 2UL CA combinations. Since several of them have issues due to interference with their own receiver, 5 classes A1-A5 have been defined. Especially A4 is critical as it has some issues with intermodulation products falling into the RX band and MSD defined for multiple combinations.
Until now only FDD/FDD 2UL combinations and one TDD/TDD combination have been defined. FDD/TDD has not been studied and the only TDD/TDD combination excludes simultaneous TX/RX. Anyway all these are different features, since for example a device may be able to support FDD/FDD UL CA but not TDD/TDD or FDD/TDD or it supports TDD/TDD but not FDD/FDD.
The bands to be aggregated also need to be taken into account. The architecture will be different if only low/high combinations will be supported or also LL or HH combinations. So we should for example also assume that LL 2UL CA is another feature than LH 2UL CA.

3.2
Implementation of the different 2UL features

3.2.1
Intra-band contiguous 2UL

This requires a transceiver that has up to 40MHz bandwidth and can do non-contiguous RB allocation inside that 40MHz. This results in some MPR/A-MPR to fulfill emissions requirements. The additional bandwidth will need to be taken into account for the PA biasing as this needs to be more wideband than for normal LTE PAs. Since now the signal bandwidth is 40MHz Envelope Tracking will be much more difficult since the already very large bandwidth of the AM component will be larger by a factor of 2. Intra-band contiguous UL CA can use the normal duplexer or TX filter.
Observation 2: Intra-band contiguous 2UL can be supported but requires some MPR/A-MPR and a PA and transceiver prepared for it
3.2.2
Intra-band non-contiguous 2UL

This requires two separate TX chains that are combined to pass the signal through the PA and then through the duplexer or filter to the antenna. So this duplicates the TX path up to the PA and requires a power combiner in front of the PA. The significantly increased bandwidth will need to be taken into account for the PA biasing as this needs to be much more wideband than for normal LTE PAs. Normal LTE PAs cannot be used. Since now the signal bandwidth is up to 75MHz for FDD bands and up to 200MHz for some TDD bands, Envelope Tracking is impossible. Due to the intermodulation issues described above it is anyway recommended not to implement intra-band NC UL CA.
Observation 3: Intra-band non-contiguous 2UL CA should be avoided, since for most bands it is not specified due to intermodulation reasons. To overcome intermodulation would require high MPR/A-MPR and implementation is extremely difficult.
3.2.3
Inter-band 2UL

Inter-band 2UL CA requires two TX paths with two separate PAs that are combined by either a quadplexer for LL or HH combinations or a diplexer for LH combinations in case of FDD. However, depending on the band combinations the required PAs are different.
For example with one low band (~700-900MHz), one mid band (~1.7-2GHz) and one high-band (~2.3-2.7GHz) PA it is possible to support all CA combinations between these different ranges like LH combinations, but LL or HH combinations cannot be supported. For LL combinations it would be required to double up the low band PA, or for a high band combination it would be required to double up the high band PA. Therefore dependent on the band combination the frontend architecture, cost and area change.
Observation 4: Low-High 2UL inter-band CA combinations are not too complicated to implement and would be the natural choice for inter-band 2UL CA 
Observation 5: Low-Low or High-High 2UL inter-band CA combinations require duplicating the power amplifiers and a quadplexer or even a hexaplexer. They are much more costly to implement than L-H combinations and therefore not recommended 
FDD/TDD UL CA hasn’t been studied yet. It will also depend on the LL, LH, HH categories and it is quite sure that the architecture also will look different than a FDD/FDD UL CA architecture, for example for HH combinations a triplexer will be needed. 
Observation 6: FDD/TDD 2UL inter-band CA has not yet been studied 
3.3
Combining 2UL features with 3DL
There is a huge variety of 3DL combinations. There are intra-band combinations, inter-band combinations or combined intra-band with inter-band combinations. Some of them are FDD/FDD, some others are FDD/TDD or TDD/TDD combinations. Additionally it is important in which frequency range the carriers are. All different combinations require different frontend architectures.
There are several issues that come up when combining 2UL with 3DL combinations.

3.3.1
Intermodulation issues
The 3DL CA combination has been defined with a single UL on any of the component carriers. A 2UL combination containing two of the three frequencies of the 3CA combination has been defined with just two of the three downlinks taken into account. Therefore it can happen, that the intermodulation products of the 2UL CA combination fall into the third band of the 3CA combination, i.e. for the 3CA DL combination A+B+C together with the 2UL A+B, the intermodulation can fall into band C.
· Example: 3DL CA: 3A+7A+20A
· Combining this with 2UL CA: 3A+20A. While 3A+20A is a nice A1 combination, the third order IM is falling into the RX band of band 7. Calculation: B3TX: 1780MHz, B20TX: 857MHz. IM3= 1780+857MHz= 2637MHz in the RX band of band 7.

· Combining this with 2UL CA: 3A+7A is not really better. While 3A+7A is a high-high A3 combination without IM issues, the third order IM is falling into the RX band of band 20. Calculation: B3TX: 1720MHz, B7TX: 2520MHz. IM3= 2520-1720MHz= 800MHz in the RX band of band 20.

· And the third 2UL combination 7A+20A is anyway an A4 combination already.

As we can see many non-A4 2UL CA combinations will become A4 combinations when adding another downlink. The combination above is just an example, there will be many more.
Observation 7: Adding the third downlink of the 3DL CA combination to a non-A4 2UL CA combination will in many cases result in new intermodulation issues and make it an A4 combination
3.3.2
Feature issues
When adding a second uplink to a 3DL/1UL CA combination, the device needs to be able to support the features required for the 2UL combination, for example 2UL intra-band contiguous CA or 2UL inter-band CA.
Here are some examples of band combinations and what features are required for the three 2UL combinations:
· 3DL CA: 41D can have these 2UL sub-combinations:

· 41C: intra-band contiguous CA, two combinations on different frequencies
· 41A+41A: intra-band non-contiguous UL CA, this is already not a 2DL fallback for 3DL, so it should not be used as 2UL here as well

· 3DL CA: 1A-3C can have these 2UL sub-combinations:

· 1A-3A: inter-band H-H CA, two combinations on different frequencies, HH combination that requires duplicating the PA and a quadplexer
· 3C: intra-band contiguous CA for band 3 is not defined yet, may require some A-MPR or RB restrictions due to small duplex gap

· 3DL CA: 3A-7A-20A can have these 2UL sub-combinations:

· 3A-7A: inter-band H-H CA, requires quadplexer, becomes an A4 combination with the third DL

· 3A-20A: inter-band H-L CA, therefore no additional PA required, becomes an A4 combination with the third DL
· 7A-20A: inter-band H-L CA, therefore no additional PA required, is already an A4 combination

· 3DL CA: 28A-40C can have these 2UL sub-combinations:

· 28A-40C: inter-band L-H FDD/TDD CA, two combinations on different frequencies, however, required feature FDD/TDD UL CA not defined by 3GPP

· 40C: intra-band contiguous CA for band 40

As we can see each of the combinations has some sub-combinations that may have some issues, for example intra-band NC UL CA, requirements for additional power amplifiers for inter-band 2UL H-H combinations, not defined features like FDD/TDD 2UL CA or intermodulation issues.
Observation 8: The 2UL CA sub-combinations of a 3DL CA combination all require different features to be implemented by the UE, while the UE may not be able to support all features, therefore the UE can in many cases only support a sub-set of the 2UL CA sub-combinations
Observation 9: Many 2UL CA sub-combinations of a 3DL CA combination have issues like expensive feature (PA duplication for HH/LL combinations), not defined feature (FDD/TDD UL CA), intermod issues (class A4), not useful feature (intra-band 2UL NC CA) which prevents them from being used or implemented
Proposal 2: Since in many cases some 2UL CA sub-combinations of a 3DL CA combination have deployment and/or implementation issues, it is proposed to specify only those combinations that are really needed by the operator  

Proposal 3: Since in many cases some 2UL CA sub-combinations of a 3DL CA combination have deployment and/or implementation issues, it is proposed not to make all three sub-combinations mandatory  

3
Conclusion

In this contribution we discussed combination of 3DL with 2UL. These are the observations and proposals: 
Observation 1: If adding a second uplink is not possible, the device can still operate with the single uplink without service interruption

Observation 2: Intra-band contiguous 2UL can be supported but requires some MPR/A-MPR and a PA and transceiver prepared for it
Observation 3: Intra-band non-contiguous 2UL CA should be avoided, since for most bands it is not specified due to intermodulation reasons. To overcome intermodulation would require high MPR/A-MPR and implementation is extremely difficult.
Observation 4: Low-High 2UL inter-band CA combinations are not too complicated to implement and would be the natural choice for inter-band 2UL CA 
Observation 5: Low-Low or High-High 2UL inter-band CA combinations require duplicating the power amplifiers and a quadplexer or even a hexaplexer. They are much more costly to implement than L-H combinations and therefore not recommended 
Observation 6: FDD/TDD 2UL inter-band CA has not yet been studied 
Observation 7: Adding the third downlink of the 3DL CA combination to a non-A4 2UL CA combination will in many cases result in new intermodulation issues and make it an A4 combination

Observation 8: The 2UL CA sub-combinations of a 3DL CA combination all require different features to be implemented by the UE, while the UE may not be able to support all features, therefore the UE can in many cases only support a sub-set of the 2UL CA sub-combinations
Observation 9: Many 2UL CA sub-combinations of a 3DL CA combination have issues like expensive feature (PA duplication for HH/LL combinations), not defined feature (FDD/TDD UL CA), intermod issues (class A4), not useful feature (intra-band 2UL NC CA) which prevents them from being used or implemented
Proposal 1: Combining a 3DL CA combination with a 2UL CA combination requires the 3DL/2UL combination to be specified in the 3GPP specs additionally  

Proposal 2: Since in many cases some 2UL CA sub-combinations of a 3DL CA combination have deployment and/or implementation issues, it is proposed to specify only those combinations that are really needed by the operator  

Proposal 3: Since in many cases some 2UL CA sub-combinations of a 3DL CA combination have deployment and/or implementation issues, it is proposed not to make all three sub-combinations mandatory  
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