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1. Introduction

Intra-band EN-DC configurations have been proposed in Bands 71 and 41.  In defining MPR, the key aspect to consider is whether a single Tx chain and PA or whether dual Tx chains and PA’s should be assumed for a reference architecture.  Some aspects related to modeling each configuration have been described in [1].  Other aspects related to evaluation of A-MPR for DC_41A-n41A have also been described in [2] where some open issues are listed.  In this contribution, additional aspects pertaining to how to derive and apply MPR and A-MPR addressing some of these open issues are discussed for single PA and dual PA architectures.  Restrictions due to lack of inter-processor communication between LTE and NR are also discussed.
2. Discussion

How to derive and apply MPR and A-MPR for intra-band EN-DC is impacted by the UE reference architecture.  In particular, whether the reference architecture is defined as single Tx/PA or dual Tx/PA impacts the MPR and A-MPR.
2.1. Background

A single PA reference architecture imposes a restriction on the power (or PSD for unequal bandwidth transmissions) mismatch between the two carriers to be transmitted.  Due to such factors as limited dynamic range in the Tx chain, IQ image in the modulator, and Tx phase noise, the PSD of the two carriers must be aligned.  This further implies that any power control exercised on the two carriers should be done synchronously; in other words, the two carriers should be power controlled together.  MPR and A-MPR are determined for a single Tx/PA architecture by applying a composite waveform of both carriers in simulation or by measurement to a single Tx/PA and measuring its resultant emissions.  The emissions in this case are dominated by the PA’s forward IM characteristic and are expected to be worse than emissions from a dual PA architecture.  MPR and A-MPR are defined with this composite waveform and are therefore applied to the composite waveform.  That is, the MPR and A-MPR values defined are applied equally to both carriers.  
In contrast, a dual Tx/PA reference architecture assume that the Tx paths are independent between the two carriers.  Thus, there is no restriction on power mismatch between the two carriers, nor is there a requirement that the two carriers be power controlled in synchronicity.  MPR and A-MPR are determined independently for each carrier in a single carrier configuration with each Tx/PA fed with its own signal, and can be reused for UL CA or DC when both carriers are transmitting.  The MPR and A-MPR are applied independently on each carrier with the constraint that the total output power from the UE as the power sum of the two transmissions should not exceed an overall PCMAX.  Evaluating the emissions from a dual Tx/PA is more complex since both forward and reverse IM can be significant.  This is particularly true for intra-band EN-DC since there is no filtering isolation available between the two carriers, both being inband.  Moreover, the assumption that the two transmitters are independent is not valid in this case since the output of one feeds into the other.  There is a coupling between the two that will impact the emissions and required MPR.  Therefore, it is not possible to compute MPR and A-MPR based on independent single carrier derivations and reuse them for EN-DC.
2.2. Impact on power sharing

One consequence resulting from the above observations is that the power sharing mechanisms between LTE and NR may be different depending on the Tx/PA configuration.  For example, recent agreements on EN-DC power sharing [3] are based on an assumption that the Tx power for each carrier can be independently controlled.  For example, there will be separate P_LTE and P_NR power level bounds configured on a UE-specific basis and there will be specific rules that NR power should be reduced in the event that maximum device output power is exceeded for UE’s supporting dynamic power sharing.  However, it has been observed that for single PA architectures, it may not be possible to independently control the power on each carrier.  Thus, a single PA design may not be capable of dynamic power sharing.  Unfortunately, dynamic power sharing is a feature that is slated to become mandatory in a future release [4].
2.3. Lack of inter-processor communication

The inability to communicate between LTE and NR processors is another aspect impacting how to derive and apply MPR and A-MPR.  Especially for single Tx/PA architecture, it becomes difficult to derive and apply MPR/A-MPR when the state of both transmitters is not known.  It was described above that for the case of single Tx/PA, a composite waveform is applied to a single PA in order to derive the MPR.  An MPR table or equation is constructed that is generally a function of the total number of RB’s transmitted as well as their location.  The UE, with knowledge of the total number of RB’s transmitted across both carriers and their location, can then access the table or equation as specified and internally compute or look up the MPR/A-MPR.  However, without knowledge of the transmitter state; i.e., number of RB’s, location, modulation, etc., in both carriers, it is not possible to use the same approach.  In fact, without such knowledge, the UE must deduce or the specifications must define a worst case scenario whereby irrespective of what the allocation may be in the “other” carrier, the MPR/A-MPR taken is sufficient to meet overall emission requirements.  Worst case allocations are likely to be single RB’s, though it is possible that this may differ for A-MPR in some band-specific configurations.  The unfortunate consequence of this approach is that the MPR/A-MPR may be larger than truly necessary since a worst case configuration must be assumed without information between LTE and NR processors.  The impact of this is greater for single PA configurations than for dual PA configurations since there is a greater cross-coupling influence between the two carriers for a single PA than for a dual PA.

To determine the worst case for the purpose of deriving MPR/A-MPR, it can only be assumed that the processors have knowledge of configuration parameters, but not dynamically scheduled parameters.  In particular, it can be assumed that both processors are aware of the DC configuration, the bands, bandwidths, channel numbers, CP-OFDM or SC-FDMA, sub-carrier spacing for the EN-DC configuration.  These assumptions should be verified.  However, it is clear that it cannot be assumed that the processors are aware of specific RB allocation and modulation type.  For single PA, there might be some knowledge of the Tx power level since there is only a single PA, but any power control implemented in the transceiver would not be known.  For dual PA, it should not be assumed that there is any knowledge of Tx power level.  Based on this, it is proposed that MPR be studied for an NR carrier within an EN-DC configuration where it is assumed that the transmission on the LTE carrier is such that the largest overall MPR is required; and, vice-versa.  It is suggested that the allocation in the unknown carrier is assumed to be single RB, QPSK modulated, at the edge of the channel.  It is further suggested that for dual PA, the unknown carrier transmit power is set to 20 dBm for power class 3.  For single PA, to maintain an equal PSD relationship, it is suggested that the unknown carrier power is set to 23 – 10*log10(1+LCRB) where LCRB is the length of the allocation in the known carrier thought it is unclear exactly how the equal PSD requirement will be enforced.  This and other challenges associated with reference architectures to support intra-band EN-DC are elaborated in [
3. Conclusion

Several aspects related to MPR and A-MPR derivation for single PA or dual PA architectures are discussed in this contribution.  The fundamental difference highlighted in this contribution is that for single PA, the PSD of the two transmitted carriers must the aligned.  This restriction limits the ability of a single PA architecture from supporting independent power control between LTE and NR in an EN-DC configuration and therefore may preclude the ability to support dynamic power control.  Lack of inter-processor communication between LTE and NR radios is also discussed.  Because of the inability to communicate the transmitter state between the two radios, particularly those parameters that are scheduled such as Tx allocation, it is not possible to optimize the MPR and A-MPR against the composite waveform.  Instead, when determining the MPR or A-MPR required for one radio, an assumption must be taken regarding the allocation on the other radio.  That assumption should be a “worst case” allocation so that the MPR or A-MPR computed is sufficient to meet emission requirements for a composite waveform regardless of the actual allocation on the other radio.  A proposal on how to assess this worst case allocation is provided.
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