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1. Introduction

The framework for defining requirements for interband carrier aggregation was agreed and captured in [1].  Classes of interband carrier aggregation combinations with similar technical characteristics are defined.  Four tentative classes have been created.  Within each class, a method or set of rules will be defined to derive the actual requirements for combinations within that class.  In this contribution, we propose considerations for the method related to the class consisting of high-low-band combinations with harmonic relation between bands.
2. Discussion

2.1. Factors impacting performance

For the class of band combinations with harmonic interference, the downlink for the high band is subjected to interference from a harmonic of the uplink for the low band.  The interference occurs when the device is simultaneously transmitting and receiving on the two bands, such as the case for FDD carrier aggregation or for TDD aggregation if the two bands are not synchronized.  The interference is affected by several factors including 

· Order of the harmonic

· Location of uplink allocation
· Filtering of the harmonic

· Power of the uplink transmission

· Receive power level

Higher order harmonics are less problematic than lower order in general, so the 2nd harmonic is more challening than the 3rd, which is more challenging than the 4th.  Given the frequency ranges over which 3GPP bands are defined, the harmonics to consider are 2nd, 3rd, and 4th.  As an example, for one PA the harmonic levels are -35 dBc, -42 dBc, and -42 dBc for the 2nd, 3rd, and 4th, respectively.  Harmonic generation, of course, is not limited to the PA.  In fact, all RF components including the passives can generate harmonics.  Generally, these harmonics are low in level and are not troublesome, but in this case, they can be signficant since the desired signal level at the receiver is approximately -97 dBm at sensitivity.  While containing an emission to -30dBm/MHz may be sufficient for SM.329, it is recognized that even -50dBm/MHz is difficult to achieve since the UE coexistence table provides exceptions for harmonic relationships.  To minimize self-desense, it is generally necessary to achieve levels much lower than this.

Filtering ability is the very band specific.  As an example, for one filter, the attenuation is 30dB, 40 dB, and 15dB for the 2nd, 3rd, and 4th harmonic, respectively.  This particular filter was optimized for attenuation of the 3rd harmonic, but possibly at the expense of some other performance parameter.  The achievable attenuation is highly dependent upon the other requirements imposed on the filter and is therefore highly band dependent.  In addition to the duplexer, the diplexer may also offer attenuation, perhaps 10dB.  

The location of the uplink allocation is also important.  For example, in some cases, the harmonic of the uplink may interfere with the entire downlink.  For other uplink allocations, the interference may be limited to only a small portion of the downlink.  For the purpose of reference sensitivity, the uplink is known from the uplink configuration table (Table 7.3.1-2) and the downlink is fully allocated.  Therefore, the impact to reference sensitivity can be assessed by computing the fraction of interference power that encroaches upon the downlink band. This will, of course, differ for each band combination.  Furthermore, it should be recognized that in practical network operation, the scheduling of uplink and downlink RB’s can have a large impact on performance and could be used as a mechanism to mitigate the impact of interference in some cases.  

The last two factors are parameters that can be adjusted in the specification in defining the requirements for this class of band combinations.  Specifically, to account for harmonic interference from the low band to the high band, the reference sensitivity of the high band can be relaxed and/or the transmission power of the low band can be reduced.  The choice or balance between refsens relaxation or transmit power reduction should be defined generically for this band combination class.  One suggestion would be to have the balance biased towards having a larger reference sensitivity relaxation compared to transmit power reduction.  In the case of 2DL+1UL, it may be unfair to penalize the only uplink with power reduction for the benefit of minimizing the impact to reference sensitivity on a secondary downlink.
2.2. Proposed method

We propose the following method for this class

1. Establish the order of the harmonic and agree on the value of harmonic interference level in dBc.  A fixed value per order should be established and agreed for this class, independent of the actual band.  This value is a function of the harmonic performance of the transceiver, PA, and front-end passive components for a given harmonic order.  These values could be established as H2, H3, and H4 in dBc.

2. Filtering ability should be assessed.  This assessment is required to be performance on each band combination since the filtering is band specific.

3. The uplink configuration and where its harmonics fall in the receive band should be considered.  For reference sensitivity, the uplink configuration is well known so the overlap of the uplink harmonic on the receive band can be computed.  This factor can then be used to determine the fraction of harmonic power that is added as an additional noise term to the receiver.

4. A relaxation to refsens and/or a reduction in transmission power are mechanisms to acknowledge the harmonic interference in the specification.  It is recommended that a balance between the two is established with a bias towards refens relaxation.  A rule for how to establish these adjustments should be established and agreed.

The additional noise added by the harmonic interference can be expressed as

Harmonic noise power = Tx power – H – filter attenuation – 10log10(RB overlap) – additional losses

where the H is the harmonic level in dBc (i.e., H2, H3, H4 as defined above), the filter attenuation represents the attenuation from the filter and diplexer, the RB overlap accounts for the actual fraction of RB’s that are subjected to interference, and additional losses such as trace and switch losses in the transmit chain.  We can then compare this added noise power to the refsens power level to compute the amount of degradation caused by the harmonic interference.  This degradation can then be accounted for by a combination of reduction in transmit power and relaxed reference sensitivity.

3. Conclusion

In this contribution, we have highlighted the factors which are relevant when considering the band combination class consisting of low band + high band with harmonic relationship.  We have proposed a method by which the transmit power reduction and reference sensitivity relaxation can be computed to define the requirements for those band combinations in this class.
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