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1. Introduction

Recently, the possibility of adding new aggregate power control requirements for relative power tolerance for 2UL intra-band contiguous CA has been brought up [1].  In this contribution, we analyze the UE implications.
2. Discussion
In order to analyze what kind of aggregate power control performance might be feasible for 2UL intra-band contiguous CA, it’s important to note the various possible implementations.  Here we provide some implementation options:

1) One Transceiver into one PA into one Primary Tx Antenna

2) Two Transceivers into one PA into one Primary Tx Antenna

3) Two Transceivers into two PAs into two Primary Tx Antennas
Note that for two of the 3 noted possible CA architectures, the power control performance of the UE is uncorrelated between the 2 CCs, since the transceivers are independent.  It should be noted that a significant portion of the power control for a UE happens inside the transceiver and it should also be noted that power control is independent per CC.  Hence, we analyze what one expects from uncorrelated CCs for CA.
Aggregate Power Control for UL Intraband Contiguous CA
The aggregate power control performance we analyze is a sequence of consecutive +1dB UP commands for fixed PUSCH allocation (hence no change in Uplink configuration during the test). Figure 1 plots measured aggregate mis-alignment between two 20MHz CCs in a Band 3 UE after a sequence of +1 dB UP commands is applied to both CCs.  The test was conducted under 3GPP normal conditions, and the Uplink allocation was not solely contained to outermost 4MHz of Band 3, and again was kept fixed.  A total of 40 sub frames worth of data is shown (4 frames).  The 2 CCs are implemented with independent and uncorrelated power control, as could be expected of an existing Release 10 UE.  The initial misalignment was carefully driven to virtually zero before running the test, in order to capture the raw UE only performance:
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Figure 1.  Measured CA aggregate misalignment between 2 20MHz CCs given perfect initial alignment
The data in Figure 1 is very illustrative of the kind of performance we believe can be expected in general for uncorrelated CCs for UL CA.  Note for instance that the 2 CCs can experience PA gain state transitions at separate sub frames among other sources of uncorrelated misalignment error.  The max aggregate misalignment observed was ~ +/- 2.5dB, given perfect initial alignment.  Given that initial alignment itself could be +/- [2] dB [1], the final expected aggregate performance would be the sum of the two tolerances, or ~ +/- 4.5dB.
Given that the aggregate mis-alignment could be as high as  ~ +/- 4.5dB (or 9dB between the 2 CCs), we ask if the UE can handle such a large variation without itself imposing any impairment related additional power control error.  It’s worth noting that in the first implementation, the I,Q Image of one CC falls onto the other CC.  In the first two implementations, the spectral regrowth from one CC will fall on the other CC.  For instructional purposes, we analyze for the first implementation the effect of -25dBc I,Q Image on the power of the weaker CC, given a 9dB power spread between the 2 CCs.  Figure 2 shows that at 9dB power mismatch, the weaker CC experiences ~ 0.1dB power error due to I,Q Image, which is very small and can be considered virtually negligible.
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Figure 2.  Impact of -25dBc I,Q Image on Power on Weaker CC given Misalignment between the CCs
Hence, we note that practical impairments from the UE (such as I,Q Image or spectral re-growth) would not significantly affect the 2 CCs after a sequence +1dB commands.  Given that, we observe that the uncorrelated performance of the 2 CCs plus the initial misalignment sufficiently capture the total misalignment after a sequence of UP commands.  We believe that as long as sources of additional tolerance increase can be avoided, a final spec of +/- [4.5] dB can be considered for a CA aggregate mis-alignment test, given an initial misalignment allocation of +/- [2] dB.  These sources of additional tolerance increase (that would need to be avoided for this requirement) include:
1) Changes in Uplink configuration, or frequency hopping.  Change in Uplink configuration would require an increase in power control tolerance.

2) For bands that operate under Note 2 in Table 6.2.2-1, allocations contained between FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high frequency ranges require an increase in power control tolerance.

3) Operation over extreme conditions also requires an increase in power control tolerance.
Recommendation

We recommend adopting a new aggregate power control requirement for Contiguous Intra-band Uplink CA starting in Release 10.  We recommend that this requirement replace the existing CA relative power control requirement.  For fixed Uplink allocations (no frequency hopping), and for allocations not entirely contained between FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high frequency ranges for the bands with Note 2 in Table 6.2.2-1, and finally over normal conditions, we recommend that the aggregate performance be specified to at least +/- [4.5] dB, subject to an initial mis-alignment allocation of +/- [2] dB.  The length of such a requirement could be 10 sub frames.
3. Conclusion
We have evaluated the UE performance for aggregate power control for contiguous intra-band CA.  Recommendation for a new spec was provided.  It was also suggested that this new requirement replace the existing CA relative power tolerance test starting in Release 10.
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