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1 Introduction

For TDD+FDD CA, the initial BS impact analysis from Ericsson and Huawei showed very little, if any, BS impact if we assume single band eNB operation, that is each band is managed by separate, single band radio units. This case becomes like any CA inter band or colocated eNB for the BS part of the specifications. 
However if we combine Multi Band (MB) MSR (TS 37) and Multi Band single RAT (TS 36), started in release-11 with  LTE TDD-FDD Joint Operation, from release-12 then there will definitely be a huge impact to BS specifications in release-12. The reason for this is the fact that the WI MB-MSR (and then extended to MB-single RAT as well) has only studied FDD+FDD and TDD+TDD. The reason is simple. If one combines TDD and FDD in the same wide radio unit then the TX downlink will always collide with a RX uplink at some point in time, regardless of the TDD configuration.
The work plan for LTE TDD-FDD joint operation including Carrier Aggregation [1] was updated with the following: 

RAN4#70bis : ..."Continue the discussion on technical topics and impact to UE and BS specifications. Investigate which multi-band BS configurations are feasible to be supported and included in Release 12 specifications on the basis of analysis provided. If RAN4 concludes certain multi-band configurations are not supported for Release 12, that shall be made clear in Release 12 specifications."
In this contribution we discuss the feasibility of Multi Band (MB) together with Carrier Aggregation (CA) TDD + FDD.
2 Background
Current MB does not support CA TDD + TDD. The technical report for MB MSR [2] states: 

The MB-MSR application scenarios also cover both FDD and TDD, but are limited to MB-MSR for FDD only scenarios and TDD only scenarios respectively.
TS 37.104 states in sub clause 4.8:

For a BS capable of multi-band operation supporting BC3 bands for TDD, the RF requirements in the present specification assume synchronized operation, where no simultaneous uplink and downlink occur between the bands.

TS 36.104 states in sub clause 4.5:

For a BS capable of multi-band operation supporting bands for TDD, the RF requirements in the present specification assume synchronized operation, where no simultaneous uplink and downlink occur between the supported operating bands.

The reason for this exclusion is explained in the TR [2] as:

For TDD MB-MSR, there is a need to address the inter-band synchronization aspect, since in the case where the operation is unsynchronized between the bands, the receiver and transmitter would operate simultaneously, which would require isolation between RX and TX on the order of 100 dB. Note that inter-band synchronization would require synchronization in time and the same UL/DL sub-frame allocation.
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Figure 5.3.1.2-4:
TX/RX isolation for inter-band unsynchronized operation in an example structure

For current single-band operation, the isolation is achieved by turning the transmitter off in conjunction with high quality switches as well other schemes. For MB-MSR unsynchronized operation, the transmitter can not be turned off. 

For the reasons above, the general clause explaining "Applicability of MB-MSR requirements" also clarifies that for multi-band capable BS, operation in the multiple bands must be synchronized.
The same technical problem exists for CA TDD+FDD: the receiver and transmitter would operate simultaneously, which would require isolation between RX and TX on the order of 100 dB.
3 Discussion
The definition of MB has wide scope, either the transmitter or the receiver or both are MB. Existing MB configurations and mapping to antenna connectors look like this:
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Figure 1: (5.3.1.1-5 in TR 37.812): MB-MSR proposed structures included in the scope. Note that for each structure, at least the transmitter or the receiver has to be multi-band.

The TX and RX can, in turn, be mapped to common or separate ports. This results in 4 x 3 = 12 structures to analyse. (This can also be called different architectures, but we use the same syntax as the TR). Three combinations are all Single Band (SB) and can be excluded. This leaves 9 BS structures to analyse.
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An enumeration could look like this:

1. MB TX, MB RX, common antenna port X+Y RX/TX

2. MB TX, SB RX, common antenna port X+Y RX/TX

3. SB TX, MB RX, common antenna port X+Y RX/TX


4. MB TX, MB RX, separate X RX/TX separate Y RX/TX

5. MB TX, SB RX, separate X RX/TX separate Y RX/TX

6. SB TX, MB RX, separate X RX/TX separate Y RX/TX


7. MB TX, MB RX, separate X+Y RX separate X+Y TX

8. MB TX, SB RX, separate X+Y RX separate X+Y TX

9. SB TX, MB RX, separate X+Y RX separate X+Y TX

These are in subsequent figures referred to using the number listed, ex 
[image: image4].

3.1 Common antenna connector and 
Separate antenna connectors per band
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MB CA TDD+FDD structures 1 and 4 would require isolation between RX and TX on the order of 100 dB to protect the TDD receiver. This high level of isolation is not feasible.
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MB CA TDD+FDD structures 2 and 5 would require isolation between RX and TX on the order of 100 dB to protect the TDD receiver. This high level of isolation is not feasible.
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MB CA TDD+FDD structures 3 and 6 would require isolation between TX and RX on the order of 100 dB to protect the FDD receiver and similar to structures above, this high level of isolation is not feasible. 
Note that for all the non-feasible structures above, the noise from PA towards certain receive band would require excessive isolation in the switch which is not possible to achieve.

3.2 Separate antenna connectors for RX and TX
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BS structures 7 and 8 have fully separated Rx and Tx paths and would behave as any FDD system today and would be feasible for MB CA TDD+FDD.

[image: image10]
BS structures 9 have fully separated RX and Tx paths and would behave as any FDD system today and would be feasible for MB CA TDD+FDD.
3 Conclusion


We have found 3 feasible configurations out of 9 analysed configurations (architectures). Six structures do not work due to non-feasible isolation required between the TDD switch and the RX. This is a significant complication => more discussions are needed and perhaps a modified or even a new WI.

The MB + TDD + FDD work has to be executed in a structured way. If the WI is time critical then it is fine to exclude MB in TDD+FDD for now. Otherwise, it is  ok to modify WI and extend the time plan.

We need to find a way to identify the different BS structures (aka configurations or architectures) in the specification. This is required since not all MB structures that are allowed by the current approved MB specification can be supported for TDD+FDD.  
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Figure 2: Syntax for bands





Figure 3: MB RX and TX, Common antenna connector (1) and Separate antenna connectors per band (4)





Figure 4: SB RX, MB TX, Common antenna connector (2) and Separate antenna connectors per band (5)





Figure 5: MB RX, SB TX, Common antenna connector (3) and Separate antenna connectors per band (6)





Figure 7: SB RX, MB TX, Separate antenna connectors for RX and TX (8)





Figure 6: MB RX and TX, Separate antenna connectors for RX and TX (7)





Figure 8: SB RX, MB TX, Separate antenna connectors for RX and TX (9)
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