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1. Introduction
A work item to define requirements for a 29 dBm UE power class has been agreed [1].  The work item specifically limits the applicability of this power class to devices that are composed of two 26 dBm Tx chains operated simultaneously.  The cited use cases are LTE-NR Dual Connectivity, LTE 2x2 non-coherent UL MIMO, and NR 2x2 non-coherent UL MIMO in Band 41/n41.  This contribution discusses the definition of requirements for the UL MIMO configuration.
2. Discussion

The maximum output power for a 29 dBm UE is intended to be achieved by simultaneously transmitting on two 26 dBm Tx chains, rather than by transmitting on a single 29 dBm Tx chain.  Specifically, the 29 dBm maximum output power applies only for EN-DC and UL-MIMO transmissions when two Tx chains are individually transmitting at maximum output power (26 dBm each).  The relevant objectives from the WID [1] are listed below.
· Develop a new feature to enable single component carrier UL operation (no CA) for LTE Band 41 and NR n41 UE Power Class x (29 dBm) to be utilized for LTE-NR Dual Connectivity, LTE 2x2 non-coherent UL MIMO, and NR 2x2 non-coherent UL MIMO
· 26 dBm per antenna with UE transmissions of 29 dBm from a single antenna is precluded

2.1. Transmission power and maximum output power

For UL MIMO maximum output power, the specification states that power should be measured and summed across two antenna ports when each port is transmitting at maximum power.  Furthermore, the UL MIMO precoder is specified to be [image: image1.wmf]ú
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 which implies that the power at the output of each Tx chain is scaled by -3 dB.  It is noted that all UL MIMO precoders are scaled similarly (see 38.211 sub-clause 6.3.1 for PUSCH) so that the total power when summed across antenna ports is not increased by the number of Tx chains assuming each Tx chain has the same maximum output power.  Therefore, with the scaling built-in to the UL MIMO codebook, it appears not possible to achieve 29 dBm total output power when the individual Tx chains are limited to 26 dBm.  On the other hand, since each Tx chain can deliver 26 dBm, it is certainly possible for the hardware to achieve 29 dBm notwithstanding the scaling factor of 1/sqrt(2).  One possible solution is to introduce an additional scaling factor of sqrt(2) for transmission on two antenna ports to cancel the precoder scale factor of 1/sqrt(2).  However, it may not be necessary to introduce any such scaling recognizing that the output power of the UE is governed by the power control requirements in 38.213 (sub-clause 7.1.1 for PUSCH repeated below).
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Thus, in spite of any scaling implied by the UL MIMO precoders, the output power is met according to power control requirements, up to the limit of PCMAX which is in turn governed by PPowerClass, i.e. 29 dBm.

Proposal:  The output power of the UE is specified according to power control requirements.  UL MIMO precoder scaling does not restrict the output power.

Another case to consider, however, is the case of single layer transmission across two antenna ports.  The current requirement of maximum output power for UL MIMO specifies the use of a two-layer precoder, namely[image: image3.wmf]ú
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 as the side condition.  However, for other precoders even if not specified for use in the maximum output power requirement, it is expected that the maximum output power can also be achieved.  For example, it is expected with two antenna ports, for either single layer or two layer transmission, the maximum output power should be reached.  Moreover, this maximum output power should be reached with non-coherent UL MIMO.
Question:  Is 29 dBm maximum output power also expected for single-layer non-coherent UL-MIMO transmission?
Proposal:  Answer is no.
The single layer, two port pre-coders are shown below

Table 6.3.1.5-1: Precoding matrix 
[image: image4.wmf]W

 for single-layer transmission using two antenna ports.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 5
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It can be seen that for TPMI index 0 and 1, the precoders only stimulate transmission on one of the antenna ports.  Since the 29 dBm UE is only capable of delivering 26 dBm per antenna port, then in this configuration of single layer transmission, 29 dBm output power may not be achievable.  Note that other configurations for single layer transmission corresponding to TPMI indexes of 2, 3, 4, 5 are able to deliver 29 dBm but require additional capability from the UE to support coherent UL MIMO which is out-of-scope of the work item.
If it is not required to reach 29 dBm maximum output power with single layer transmission, one possible solution is to lower the PCMAX_L by 3 dB when TPMI index 0 or 1 is configured.  The exact mechanism for implementing this is TBD, perhaps by enhancing the MPR definition or perhaps by a dedicated term in the PCMAX equation.  This would allow the maximum output power to be reduced from 29 dBm to 26 dBm in the case of single layer transmission on a single antenna port.
Proposal:  When TPMI index 0 or 1 is configured for single-layer transmission using two antenna ports, the PCMAX_L is reduced by 3 dB.

2.2. Configured maximum output power (PCMAX)

The configured maximum output power (PCMAX) for UL MIMO is defined per UE.  It is assumed that the same method of summing power across all antenna ports applies to PCMAX as it does to maximum output power.  The PCMAX should be defined to be applicable to all precoders, i.e., not limited to the CLSM precoder for maximum output power since it is at least needed for the PHR calculation.  However, as described in the above section, when the UE is configured for some precoders, the maximum output power may not be reached so an MPR is allowed as a reprieve against PPowerClass.  The upper and lower limits of PCMAX are determined based on the PPowerClass which would be construed as 29 dBm in this case.  

Proposal:  For the PCMAX requirement, the power is assumed to be the summation of power across all antenna ports and applicable for all supported UL MIMO precoders (see also the proposal above in section 2.1).  The PPowerClass is interpreted to be 29 dBm for the purpose of PCMAX calculation.

2.3. MPR and A-MPR
There is no MPR definition for a 29 dBm power class UE.  Even if there were, MPR has conventionally been derived assuming a single PA sized according to the power class.  However, for this 29 dBm power class the assumption would not hold since the maximum output power is met by simultaneous transmission on two PA’s rather than transmission on a single PA.  Therefore, the method for deriving MPR for this device needs to be reconsidered.  

For example, consider a power class 2 (26 dBm) UE which requires X dB of MPR to meet an absolute emission requirement such as -13 dBm/MHz SEM.  If two of these PA’s are summed, each one taking X dB power backoff and each one producing -13 dBm/MHz emissions, the resulting composite emission level is -10 dBm/MHz.  Therefore, the backoff needed to comply with a composite emission of -13 dBm/MHz can be found by determining the backoff needed per PA to individually meet -16 dBm/MHz.  For relative emission requirements, such as ACLR, no adjustment of individual 26 dBm backoff is needed since the relative emission is the same per PA as it is for the composite.

Proposal:  The MPR and A-MPR for the 29 dBm UE in UL-MIMO can be lower bounded by evaluating the MPR and A-MPR needed for a 26 dBm single PA, but adjusting the emission limit to be 3 dB lower for absolute emission requirements and keeping the emission limit for relative emission requirements.
The above proposal describes a method to find a lower bound on the MPR and A-MPR, meaning that the actual MPR and A-MPR might be larger, because this proposal treats each Tx chain as independent from the other.  However, as observed when studying EN-DC with two PA’s and as noted in [2], there is interaction between the two PA’s due to reverse coupling of PA outputs across their respective antennas.  This will increase the MPR and A-MPR compared to a result that assumes each PA is independent of the other.
Proposal:  The effect of reverse coupling between PA’s must be considered in deriving MPR and A-MPR.
A more careful study on the effect of reverse coupling between the PA’s is in progress, but results and conclusions are not available at the time of this writing.
Clearly, unnecessary MPR and A-MPR should be avoided since they contradict the motivation for introducing a higher power class to begin with.  On the other hand, the work item was tailored specifically to leverage 26 dBm Tx chain designs that may already be available to meet standalone, single antenna port operation.  In other words, using the two 26 dBm Tx chains to produce a 29 dBm UE should not cause sacrifice in the performance of the device when it is operating with a single 26 dBm Tx chain.  Performance of the device when operating in a single 26 dBm Tx chain configuration includes such aspects as current consumption and power efficiency.  
Proposal:  A 29 dBm device should not impose more stringent requirements in terms of linearity and per-PA power efficiency than what a single chain 26 dBm device would require.

Network studies to understand the ACLR requirements as well as the aforementioned studies on the impact of coupling between PA’s will need to be completed to fully comprehend and quantify the tradeoff between power backoff and the ability to preserve the 26 dBm design.
3. Conclusion

The maximum output power for a 29 dBm UE device is considered in this contribution.  One unique aspect about this device is that the maximum output power is only available when two 26 dBm Tx chains are transmitting simultaneously so that their sum is 29 dBm.  This contribution describes how this aspect influences the definition of output power for UL MIMO, the PCMAX definition, as well as how MPR and A-MPR can be derived.
Proposal 1:  The output power of the UE is specified according to power control requirements.  UL MIMO precoder scaling does not restrict the output power.

Question:  Is 29 dBm maximum output power also expected for single-layer non-coherent UL-MIMO transmission?
Proposal 2:  Answer is no.
Proposal 3:  When TPMI index 0 or 1 is configured for single-layer transmission using two antenna ports, the PCMAX_L is reduced by 3 dB.

Proposal 4:  For the PCMAX requirement, the power is assumed to be the summation of power across all antenna ports and applicable for all supported UL MIMO precoders (see also the proposal above in section 2.1).  The PPowerClass is interpreted to be 29 dBm for the purpose of PCMAX calculation.

Proposal 5:  The MPR and A-MPR for the 29 dBm UE in UL-MIMO can be lower bounded by evaluating the MPR and A-MPR needed for a 26 dBm single PA, but adjusting the emission limit to be 3 dB lower for absolute emission requirements and keeping the emission limit for relative emission requirements.

Proposal 6:  The effect of reverse coupling between PA’s must be considered in deriving MPR and A-MPR.
Proposal 7:  A 29 dBm device should not impose more stringent requirements in terms of linearity and per-PA power efficiency than what a single chain 26 dBm device would require.
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