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1. Introduction

While the CR to include the 2UL inter-band CA feature was agreed for Rel-12, one remaining open issue is the treatment of out-of-band blocking.  In an LS [1] to RAN5, it was stated "RAN4 has concluded that it is not beneficial to test OOB for both 1UL/2DL and 2UL/2DL cases, only the case that is more challenging should be tested."  In this paper, we propose that 2UL/2DL is the more challenging case for those band combinations without MSD.
2. Discussion

An analysis on out-of-band blocking for single carrier, 1UL/2DL, and 2UL/2DL configurations was provided in [2].  The paper concludes that there is not any one single test configuration that is universally more stringent than all others across all interference conditions considered.  However, the goal to find a single test configuration that is universally more stringent across all interference conditions is perhaps too ambitious and is not required to meet the conditions of the LS in [1].  The LS to RAN5 indicates that RAN4 should select the more challenging test configuration, not necessarily to select or define a test configuration that is more stringent across all possible interference conditions -- in fact, such a goal may not be feasible, certainly not within a reasonable time frame for this agreed Rel-12 feature.
We instead suggest that if there exist two test configurations 1 and 2, and if test configuration 1 is more stringent under interference condition A, but test configuration 2 is more stringent under interference conditions B, C, and D, then we believe that test configuration 2 qualifies as the more challenging test configuration without making any judgment on the interference conditions themselves.  With this in mind, we evaluate two test configurations.  The first is 1UL/2DL where the transmitter power is set to PCMAX_L,c - 4 dBm, while the second test condition is 2UL/2DL for the same CA configuration, but with the transmitters power each set to PCMAX_L,c - 7 dBm.

The 2UL/2DL configuration naturally results in a larger number of interference cases of concern.  The number of occurrences where a single CW jammer mixes in a non-linear element with 2 uplink transmissions whereby an intermodulation term falls within one of the receive bands is greatly increased compared to single uplink.  For example, for a third order non-linearity with 1UL transmission, there are possible IM products impacting receive performance when a jammer is located at frequencies ±2 fTx ± fRx .  For the test configuration with 2UL transmissions, these same jammer frequencies can be problematic.  In addition, however, the 2UL transmission must also consider jammer frequencies at ± fTx1 ± fTx2 ± fRx.  In other words, there are eight additional jammer frequencies that the receiver encounters with 2UL transmissions compared to with 1 UL transmission.
There are two possible mitigating factors.  The first is that with 2UL transmissions, the uplink power for each transmitter is reduced by 3 dB compared to 1UL.  The second is that the number of out-of-band blocker exceptions is expected to be increased for 2UL transmissions compared to 1 UL.  We disregard the blocker exceptions for the time being since it is not expected that the number of exceptions will be increased by a factor of 8 for 2UL.  With the reduced uplink transmission power, it is expected the power of intermodulation products generated should also be reduced.  However, in the example above, we see that this may not be the case in practice.  Consider the 1UL case where a problematic jammer frequency is located at 2 fTx + fRx, for example.  For the 2UL case, an analogous jammer might be located at fTx1 + fTx2 + fRx, which is in the same approximate frequency range and thereby experiences approximately the same frequency response for class A4 CA combinations.  Even though the power of transmission at fTx1 is 3 dB higher than the power of transmissions at fTx1 and fTx2, the intermodulation product is formed by the second harmonic of fTx1.  Thus, there is already a natural decay in resultant IM power.  If we now compare this against the case with 2UL where each transmitter is 3 dB lower in power, but the intermodulation product is formed against the fundamental frequency component of each transmission, the end result is that the IM power impinging upon the receiver is approximately the same as for 1UL.  Therefore, we assert that 2UL test configuration is more challenging than the 1UL test configuration because the number of occurrences of IM products with a jammer is higher and the magnitude of the IM product at the receiver is approximately the same, despite lower transmitter power, for a large majority of the most difficult test cases.  
Proposal 1:  In principle, the out-of-band blocking test is more challenging with 2UL/2DL compared to 1UL/2DL.

An exception as previously discussed is the A4 combinations where MSD is specified.  For those cases, as detailed in [3] it is necessary to avoid test frequencies where the intermodulation product for the wanted transmission may interfere with the receiver.  Moreover, for these combinations with intermodulation challenges, the only reference sensitivity value specified is for specific uplink and downlink frequencies listed in Table 7.3.1A-0f of TS 36.101, where the reference sensitivity requirement may be offset by a significant MSD value.  Testing out-of-band blocking at these specific uplink and downlink frequencies and with large MSD does not appear to be a proper test.  Therefore, for those band combinations listed in Table 7.3.1A-0f, we propose that the out-of-band blocking be tested with 1UL.
Proposal 2:  As exception, for band combinations listed in Table 7.3.1A-0f, the out-of-band blocking test is more challenging with 1UL/2DL compared to 2UL/2DL.

3. Conclusion
In this contribution, we have evaluated whether 1UL/2DL or 2UL/2DL represents a more challenging test configuration for out-of-band blocking.  While it is not necessarily the case that any one of these configurations is always more challenging for every possible interference condition, we propose that the 2UL/2DL configuration is the more challenging test under most conditions.  The number of potential jammer frequencies where intermodulation problems may appear is significantly larger and is not fully mitigated by the reduction in transmitter power.  For A4 CA combinations with MSD, however, the 1UL test case is the more challenging one because of the limited frequency ranges that reference sensitivity is applicable and because of the large MSD value.

Proposal 1:  In principle, the out-of-band blocking test is more challenging with 2UL/2DL compared to 1UL/2DL.

Proposal 2:  As exception, for band combinations listed in Table 7.3.1A-0f, the out-of-band blocking test is more challenging with 1UL/2DL compared to 2UL/2DL.
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