3GPP TSG-RAN WG4 #71
R4-142956
May 19th – 23rd, 2014
Seoul, Korea
Agenda item:
7.7.2.2
Source: 
Qualcomm Incorporated

Title: 
UE RF considerations for B1+B41
Document for:
Discussion
1. Introduction

Inter-band carrier aggregation between TDD and FDD bands shares many similarities with FDD-FDD carrier aggregation.  One important difference, however, is the RF front-end.  Since the TDD front-end does not include a steep duplexing filter, additional considerations will need to be accounted for when simultaneously transmitting and receiving on the TDD and FDD bands.
2. Discussion

We consider the case of FDD-TDD inter-band carrier aggregation with 2DL and 1UL.  The uplink can be on either the FDD or TDD carrier and the downlink is on both carriers simultaneously.  Therefore, the following isolation requirements must be met by the RF front-end components

1. FDD Tx to FDD Rx isolation

2. FDD Tx to TDD Rx isolation

3. FDD Rx filter isolation from FDD Tx

4. FDD Rx filter isolation from TDD Tx

5. TDD Tx to FDD Rx isolation

6. TDD Rx filter isolation from FDD Tx.
For the B1+B41 combination, the front-end architecture may consist of a triplexer as described in [1] or a dedicated diplexer [2] between the two bands.  In both of these cases, the diplexer or triplexer is likely to be connected to a  common diplexer on the antenna path and connected to Band 41 at the downstream side through a single port and therefore an additional T/R switch is required.  The diplexer solution will likely be able to provide better isolation, but at possibly higher insertion loss compared to a triplexer.
One challenge of this particular band combination is that Band 41 is a very wide band with bandwidth of 194 MHz.  Compounding this challenge is the need to steep filtering requirements into the nearby ISM band at 2.4 GHz approximately 20 MHz offset from the lower band edge.  As a result, some implementations of Band 41 single carrier consist of a split filter design whereas other implementations use a single broadband filter.  Two examples from the same vendor of a single-band filter for Band 41 are investigated.  It was found that the worst case isolation from this filter into Band 1 Tx and Band 1 Rx are 20 dB and 15 dB.  Even with a diplexer isolation of 15-20 dB, the isolation will fall short and it can be expected that reference sensitivity may be impacted.  
For the Band 1 duplexer, we also evaluate the Tx and Rx cross band isolation.  Two examples of Band 1 duplexers from the same vendor show worst case Rx cross-band isolation of 25 dB and 20 dB.  These same duplexers show Tx cross-band isolation of 38 dB and 33 dB.  Again, the cross-band isolation even with an additional diplexer isolation of 15-20 dB will be insufficient and it is expected that reference sensitivity degradation may result.

A triplexer option was evaluated in [3], but only insertion loss is presented.  It is not clear that the triplexer meets sufficient cross isolation requirements.

2.1. Options

Given the performance of the filters, one option is to specify an additional reference sensitivity degradation due to active noise sources (in addition to the insertion loss component from diplexer and T/R switch) from Tx noise, Rx IP2, etc., as has been agreed for some non-contiguous intra-band CA combinations as well as proposed for other closely spaced inter-band CA combinations such as B1+B3 [5] and B18+B28 [6].  Another option is to evaluate the performance of split-band filters for Band 41.  Split-band filters may be able to provide greater attenuation into Band 1 Tx and Rx, but will limit the possibility of intra-band contiguous or non-contiguous carrier aggregation in Band 41.  Furthermore, the Band 1 filter shortcomings still remain.  
3. Conclusion
In this contribution, we evaluate the UE front-end requirements in support of B1+B41 carrier aggregation.  In particular, we study the cross-band isolation performance of existing Band 1 and Band 41 filtering solutions.  It was found that these filters will not be able to provide sufficient isolation, so an additional reference sensitivity degradation due to active noise sources may be considered as one way to specify this band combination.
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