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1 Introduction
The Rel-15 PC2 power class is an outstanding issue left in RAN4 [1][2], which has impact on both RAN5 on designing test cases for PC2 UE as well as the GCF certification progress on UL MIMO. A conclusion should be made ASAP to facilitate the industry development. 
2 Discussion
2.1 Previous agreements in RAN4

There were three agreed WF related to power class 2 UL MIMO/TxD in RAN4, which were referred mostly during the discussion in RAN4 [3][4][5].

Agreement 1 [3]: 

5G NR PC2 HPUE definition for SA scenario:

·  UL MIMO (2Tx 23+23dBm) with total output power of 26dBm is supported by specification for NR Bands n77,n78,n79
·  1Tx +26dBm HPUE is also supported by specification for NR Bands n77,n78,n79
Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15

During the discussion, it was clarified even from the operator side that the two bullets represent two different UE implementation, it doesn’t mean that a UE supporting PC2 UL MIMO with 2Tx implementation has to support 1Tx 26dBm as well.
Agreement 2 [4]:
· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.
· How to configure for transmission on single-antenna port is up to UE implementation
The agreement here clearly stated that no matter in MIMO or single antenna port mode, the UE has to keep the same power class, and how to reach the power class is up to UE implementation.
Agreement 3 [5]:

· Clarify the UL-MIMO sub-clause 6.2D.1 in 38.101-1 Rel-15 without changing implied UE behaviour e.g. Remove or further clarify the sentence ”If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.”
· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements
In the agreement, our understanding is TxD is not like UL MIMO as an explicit UE feature, therefore, the specification does not need to explicitly define the requirement for TxD as we did for LTE, e.g. for V2X, where we have specific requirements for TxD cause the RAN1 spec also defines TxD explicitly. But as we already agreed that how to keep the same power class is up to UE implementation, the requirements should also consider this kind of implementation.
Observation 1: There is no agreement in RAN4 that TxD as an UE implementation is not supported in Rel-15. 
2.2 Status in RAN4

Some companies commented that TxD should not be supported in Rel-15, which is not the status even in existing RAN4 specification. Though the spec may seems “ambiguous” for FR1, but TxD is at least the basis for defining the FR2 requirements.
	TS 38.101-2

6.4A.2
Transmit modulation quality

6.4A.2.0
General

For intra-band contiguous carrier aggregation, the requirements in clauses 6.4A.2.1, 6.4A.2.2, and 6.4A.2.3. 
All the parameters defined in clause 6.4A.2 are defined using the measurement methodology specified in Annex F.

All the requirements in 6.4A.2 are defined as directional requirement. The requirements are verified in beam locked mode on beam peak direction, with both UL polarizations active.
TS 38.810

5.2.3.3.2
Peak EIRP Measurement Procedure

The TX beam peak direction is where the maximum total component of EIRP is found, including the respective polarization of the measurement antenna used to form the TX beam, according to 5.2.1.3.7.

……
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Calculate total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink


It is clear that when we derive the min Peak EIRP requirement, polarization gain is assumed definitely. Noting that it’s the general requirement for single port transmission rather than the code-book based UL MIMO transmission. 
Even for FR1, for UE supporting UL MIMO, it specifies which requirements shall be applied if UE is configured for transmission on single-antenna port. For the requirements which RAN5 think that may not be very clear, what we need to do in RAN4 is to clarify the requirements. 
Observation 2: TxD is the basis for defining FR2 Tx requirements in Rel-15. 
2.3 Relationship between SA and NSA

The power class for NSA has also been discussed for a long time both in RAN4 and RAN [6-8]. There was an LS from GSF to RAN4 and RAN5 recently [9]. 

	a) GCF CAG noticed that as per 3GPP 38.101-1 v15.9.0 clause 6.2.1, if for an NR band UE reports as Power Class 2 (PC2) it shall meet PC2 requirements. But as per 3GPP TS 38.101-3 v15.9.0 sub-clause 6.1 states:

"...if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band."

However, GCF CAG also noticed that this statement has been removed in Rel-16 in TS 38.101-3 v16.3.0 sub-clause 6.1. 


As discussed before, the thorough solution is to introduce a separate power class for NR band in a NSA band combination. However, due to the late stage for Rel-15, the group adopted an expedient method for some kind of UE implementation. For Rel-16, the issue can be solved by an explicit power class. 

Furthermore, the power class issue for SA and NSA can be decoupled, no matter TxD is implemented or not for 23+23dBm PA configuration, if 3Tx is not supported by the UE, only 1Tx 23dBm can be supported for the NR band in NSA mode. 
Observation 3: Power class for SA and NSA can be treated separately, which has less connection with TxD. 

2.4 How to test PC2 with multiple antenna connectors

During the discussion, TE vendors showed some concern on how to know the exact transmission antennas as well as the possible handling of the phase/amplitude imbalance. In our view, the transmission antennas can be declared during the test. As for the phase/amplitude imbalance, the power is equally split for the transmission antennas, and similar to FR2, no combined post processing is needed for the measured results at each antenna connector, thus simple sum would be enough. 
Similar to UL MIMO, for TxD implementation, some requirements are based on per UE level, e.g. MOP, unwanted emissions, and some requirements are per antenna connector. Clarification if is necessary, it is only related to the per UE level requirements, thus we can review corresponding requirements to see whether changes are needed. At least, some clarification of MOP for general requirement would be helpful to address current issue. 
Observation 4: Measurement of transmission with multiple antenna connectors is not an obstacle to move forward in both RAN4 and RAN5. If needed, some clarification of requirements can be made in RAN4 spec.
3 Conclusion

Companies are well aware the fundamental problems of the issues we are discussing in RAN4. To get rid of the plight disturbing RAN4 for a long time, and also facilitate the progress in RAN5 and GCF, companies should consider the implementation and the issues resulted from the PA configuration agreed at the very beginning of NR study, try to find a workable solution to move forward. 
· Option 1: 
· Tx requirements for transparent TxD follow UL MIMO approach, i.e. requirements are defined under single antenna connector or sum of the two antenna connectors.
· Clarify in the RAN4 spec TS 38.101-1 Clause 6.1 or 6.2.1 that for single antenna port, “Unless otherwise stated, the UE output power is measured as the sum of the output power at each UE antenna connector.”
· How to test UE transparent TxD is up to RAN5.
· Option 2: 
· No change for RAN4 Rel-15 spec.
· Inform RAN5 that FR1 single antenna port requirements can be verified with similar methodology as FR2, e.g. for MOP, perform the output power measurement at each antenna connector separately and sum the results.
The two options can be considered in RAN4 to solve the TxD debating. Our preference is option 1 to make the spec clear.
Observation 1: There is no agreement in RAN4 that TxD as an UE implementation is not supported in Rel-15.
Observation 2: TxD is the basis for defining FR2 Tx requirements in Rel-15.
Observation 3: Power class for SA and NSA can be treated separately, which has less connection with TxD. 

Observation 4: Measurement of transmission with multiple antenna connectors is not an obstacle to move forward in both RAN4 and RAN5. If needed, some clarification of requirements can be made in RAN4 spec.
Proposal 1: Requirements which may have ambiguity to support multi-antenna transmission in single antenna mode should be clarified in Rel-15. The changes of spec should be as minimum as possible.
Proposal 2: Companies focus on the draft CRs on the issue to further improve the wording of clarification.

Proposal 3: Inform the agreements to other working groups to accelerate the standard progress.
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