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1. Introduction

Downlink (1UL/2DL) carrier aggregation between Band 1 and Band 3 is of interest to a number of operators in China, Korea, and Europe.  In addition to 2DL CA, this band combination also forms the basis of several 3DL combinations including B1+B3+B5, B1+B3+B8, B1+B3+B20, and B1+B3+B26.  In this contribution, we discuss challenges associated with this band combination consistent with the findings reported in [1].  Finally, we propose a way forward.
2. Discussion

As illustrated in [1] and reproduced below, the band plan for the B1+B3 combination is particularly challenging due to the close frequency separation between the uplink of Band 1 and the downlink of Band 3.
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Figure .  B1+B3 frequency range (figure 1 of [1])
It was shown in [1] that assuming the current Band 1 duplexer performance, the degradation to reference sensitivity in Band 3 when the UE is transmitting in Band 1 is severe, perhaps 20 dB for a 20 MHz + 20 MHz channel arrangement at the band edges.  Moreover, the similarity between this configuration and non-contiguous intra-band CA was  highlighted where it is described that this configuration will possibly require similar specifications including uplink restrictions in size and location as well as additional reference sensitivity relaxation.
The degradation in performance of this configuration consists of passive loss and active loss.  The passive loss originates from insertion loss of the front-end filtering components and is always present.  This loss is accounted for in the specifications by TIB and RIB relaxation.  The active loss comes from noise due to the uplink, including PA spectral regrowth as well as baseband harmonic and intermodulation terms.  This active loss component is addressed in the specification by uplink allocation restrictions in both size and location, A-MPR (for example as used in Band 20), as well as additional RNCIB relaxation (NC intra-band CA).

Insertion loss

One may also consider the possibility to design a quadplexer to support the B1+B3 combination.  However, the design of the quadplexer is expected to be highly challenging due to the narrow cross-band separation between uplink and downlink.  Additionally, to mitigate the active noise sources from the uplink, blocking, as well as receiver generated intermods between basestation downlink transmissions and UE uplink transmissions, it is necessary to obtain in-band and cross band isolations of at least 50 dB Rx and 55 dB Tx.  One filter vendor provided feedback with only 40 dB Rx isolation from Band 1 Tx to Band 3 Rx with insertion loss penalty of 0.7 dB in Band 3 Tx and 0.5 dB in Band 1 Tx, for example.  

Active noise loss

The active noise loss affects the Band 3 receiver when the Band 1 transmitter is active.  Generally, the impact of transmitter PA spectral regrowth noise has been treated in the specifications by restricting the uplink allocation size according to Table 7.3.1-2 of TS 36.101.  For most inter-band CA combinations, this same table is reused.  However, we note that since Band 1 enjoys a large Tx-Rx separation, there are no uplink allocation restrictions defined.  Therefore, another possibility is to treat the CA_1A-3A configuration as a refsens exception for CA.  Refsens exceptions are included in Table 7.3.1A-0a and Table 7.3.1A-0b when there is harmonic interference.  If the applicability of this table can be expanded to include other Tx noise sources for closely spaced Tx-Rx in addition to harmonic noise interference, then one possibility is to add the CA_1A-3A combination to this table.
An initial analysis indicates that with an uplink allocation restricted to 25 RB's, the reference sensitivity for a 5 MHz channel in Band 3 can be degraded by 7.1 to 8.6 dB.

Impact

As described above, it is likely that the additional insertion loss of the quadplexer needed for this band combination will be 0.5 to 0.7 dB, and this is only with 40 dB isolation.  Since higher isolation is needed for best performance, the insertion loss is likely to further increase to perhaps more than 1 dB.  Therefore, Band 1 and Band 3 single carrier standalone performance (both E-UTRA and UTRA) will be impacted by this additional insertion loss.  Since these bands are widely adopted today, there will be an impact on global terminals if this band combination is to be supported.  Furthermore, because it is so widespread and because the frequency plan for Band 1 is so favorable, it is expected that terminals deliver excellent performance in Band 1.  Any degradation to Band 1 performance, especially a degradation as significant as might be expected for this band combination, may not be acceptable for globally circulated terminals.

Furthermore, because of the uplink allocation restrictions and reference sensitivity degradation due to active noise loss, the performance of a network operating CA_1A-3A with uplink in Band 1 will be impaired.  Therefore, the practical utility of CA with this band combination and with uplink in Band 1 is limited.
Possible way forward

Most of the disadvantages of the CA_1A-3A configuration stem from simultaneous uplink in Band 1 and downlink in Band 3 since the frequency separation is small.  The insertion loss of the quadplexer is large due to the need for high cross-band isolation.  Therefore, the TIB/RIB are large and the impact to single carrier performance in Band 1 and Band 3 is significant.  Furthermore, the uplink noise when transmitting on Band 1 has a large impact to reference sensitivity in Band 3.
It may be possible to mitigate some of these losses by restrictions in the uplink allocation or by limiting channel placement away from the edges of the band.  However, the passive loss will still be present.
Therefore, one possible way forward to resolve most of these difficulties is to restrict the uplink in this band combination to Band 3.  If uplink is only allowed on Band 3, then the quadplexer design requirements can be relaxed and the insertion loss impact minimized.  In such an arrangement where the uplink is restricted to Band 3, some flexibility is lost of course, but most of the benefits of DL CA are retained.  Equally important, the impact to legacy operation in Band 1 and in Band 3 is minimized so that global terminals can more readily support this band combination.  For the 3DL CA configurations which build on top of this, the uplink would not be allowed on Band 1 when operating in CA.  Uplink in Band 1 or other bands in the 3DL CA configuration should be feasible.

3. Conclusion
The challenges in the UE to support the B1 + B3 CA configuration are described in this paper.  A way forward is proposed to address these challenges enabling this important band combination to be more successful on a global scale but restricting the uplink to Band 3.
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