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1	Introduction
In the past RAN4 meeting cycles, RAN4 spent lots of effort on issues related to EN-DC and NR SA for UE with two TX RF chains, which is concerning to transparent TX diversity’s definition and test, power class indication, emission requirement etc. Unfortunately, nearly two years after RAN4 requirement completion on Rel-15, some of issues are still not clarified, and the complexity of discussion even increase due to RAN1 introduction of Rel-16 eMIMO UL full power transmission feature. In this paper, we would like to present our views on completion related issues on EN-DC and NR SA for UE with two TX RF chains. 
2	Background: Existing Agreement
Some of the confusion on PC2 definition may come from a long-ago agreement captured in WF [1, R4-1803259], with following RAN4 agreement achieved: 
	Background: 
The following NR bands were approved to support PC2 HPUE for 5G NR[1][2][3]:
·  Band n41 (2496 – 2690 MHz)
   UL-MIMO (2Tx 23+23dBm) and 1Tx 26dBm are supported for NR Band n41
·  Band n77 (3.3 - 4.2 GHz)
·  Band n78 (3.3 - 3.8 GHz)
·  Band n79 (4.4 - 5 GHz)
Proposals:
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 
Reference: 
· [1] R4-1706068 WF on high power UE for 3.5GHz        CMCC 	
· [2] R4-1709974 WF on HPUE requirements in Rel15      Huawei, HiSilicon 
· [3] R4-1801190 WF on HPUE definition for NR PC2 UE    CMCC



In RAN4#92 and 92Bis, the following agreement is achieved in WF [R4-1910316], and WF [2, R4-1913067] respectively:
	<Approved WF from RAN4#92>
· No specific requirements for TX diversity is written in RAN4 specification. 
· RAN4 will follow RAN1 agreements and is discussing possibility for RAN4 requirements to accommodate TX diversity
· LS to RAN5 will be sent to ask them to confirm feasibility of TX diversity testing

<Approved WF from RAN4#92Bis >
· No new UE capability for NR UL-MIMO power class for NR SA in Rel-15 
· Clarification on UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation 
· No new RAN4 core requirements introduced in Rel-15 
· Alt 1: handled by RAN4 only (see Vivo/Sprint WF), inform RAN2
· Alt 2: by asking RAN2 to add clarification of the EN-DC NR power capability in 38.306 Rel-15 without change of the UE behaviour (no NBC)
· Other alternatives are not precluded. 
· 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
· Further work needed in Rel-16 and impact on RAN5 conformance testing investigateg, e.g, replacement of ”antenna connector” with ”antenna port”



In the following RAN4#93, for UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation, the following exception has been agreed by CR [3, R4-1916137], which allow such UE to meet PC2 requirement for EN-DC mode if UL-MIMO is not supported in EN-DC mode. The specific text change is provided as below: 
	Unless otherwise stated, requirements for NR transmitter written in TS 38.101-1 [2] and TS 38.101-2 [3] apply and are assumed anchor agnostic. Unless otherwise stated, 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. Requirements are verified under conditions where anchor resources do not interfere NR operation.


 
Similar issue for NR SA mode is also identified, but similar approach (i.e., 3dB exception for NR SA UE) is not agreed to be introduced in previous RAN4 meetings, which has been heavily discussed over many meeting cycles and the current status has been captured in recent WF [4, R4-2005216]. 
	<Approved WF from RAN4#94-Bis-e >
· Requirements for SA UL MIMO PC2 UE are incomplete/ambiguous in current R15 RAN4 specs.
· Option1: Continue discussion to complete in R15.
· Option2: Live with what we have now in r15, continue discussion in R16
· Discussion on technical issues needed for transparent Tx diversity 
· This discussion does not differentiate between Rel-15 or Rel-16 
· Main initial analysis reference papers
· R4-2003330(Anritsu), R4-2004211(Keysight), R4-2003028(Qualcomm), R4-2004960(CMCC)…
· R15 UL MIMO emission requirements shall apply to UE level. 
· Relating MPRs are need to be re-visited.
· Corresponding work plan & assumptions to be discussed in RAN4#95-e
· Further discuss whether it is necessary to evaluate CDD based TxDiv against 1 Tx antenna scheme.
· R4-2003217 can be used as a reference.



3	Power Class 2 Ambiguity 
The ambiguity about Rel-15 power class 2 has been noticed by certification bodies, which was captured in liaison from GCF [5, CAG-20-193]: 
	Source:	GCF-CAG						Document:	CAG-20-193

Subject:	LS on requirement in Power Class 2 for UL MIMO Test cases.

Summary of Content:

GCF CAG reviewed validation CRs related to 5G NR UL MIMO from 3GPP TS 38.521-1. Validations of SA UL-MIMO TCs for PC2 are on hold due to the below perceived uncertainties.
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. 

b) As Per section 6.2D.1 of 3GPP 38.101-1 v15.9.0:
" If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply."


c) As per above the requirements for a UE configured in a particular way (see point a) the PC requirements are different in 38.101-1 v15.9.0 and 38.101-3 v.15.9.0. GCF CAG considers this requirement to be very important for test coverage.
d) PC2 NSA requirement as referenced in TS38.101-3 subclause 6.1 is not fully concluded yet in RAN4.

Actions
GCF CAG kindly asks 3GPP RAN4 to:
1. To provide road map when the ambiguities of PC2 (see a, b and d above) will be resolved to enable GCF to start validation of power class dependent test cases.

GCF CAG kindly asks 3GPP RAN5:
1. To confirm if test coverage for requirement in bullet point b above is adequately provided in the 3GPP RAN5 test cases. 



In this contribution, we further provide our analysis and viewpoint to solve the long-existing issue for Rel-15 transmit diversity, UL-MIMO and power class 2 related ambiguity. 

4	Discussion
4.1 Issue-1: Transparent Tx Diversity
In RAN1/2 specification, transparent Tx Diversity means UE-implementation way to form one “antenna port”, which is well recognized as logical conception and can consist of multiple physical antenna elements. However, it is observed that transparent TxD is NOT totally transparent to RAN4 and RAN5 specification. 
In last meeting, RAN4 has decided that transparent Tx diversity [6, R4-2005652] shall be allowed for FR1 in Rel-16, and no conclusion has been reached for allowing or not Rel-15 transparent TxD, due to the fact that it is in an inappropriate stage to introduce such big change to RAN4 specification which require: (1) big change to existing testing equipment and certification bodies; (2) impact on existing/under-development Rel-15 product. 
Based on RAN4 agreement captured in WF R4-1913067, the following agreement is clearly achieved, and it has been recognized not only as “RAN4 agreement” but also “final resolution” after long RAN4 discussion:
	· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements
· Further work needed in Rel-16 and impact on RAN5 conformance testing investigateg, e.g, replacement of ”antenna connector” with ”antenna port”



Observation 1: The following agreement achieved in RAN4#92bis is not only “RAN4 agreement” we need to follow, but also widely recognized as “final resolution” after a long and over-due RAN4 Rel-15 discussion: 
· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements [R4-1913067].    
It should be noted that for FR2, transparent TxD in Rel-15 is not restricted in OTA test setup, so the discussion of enabling transparent TxD in RAN4/5 specification (both for Rel-15 and Rel-16) should only be conducted in FR1. 
Observation 2: The discussion of enabling transparent TxD in RAN4/5 specification should be restricted in FR1, since transparent TxD in FR2 is not restricted in OTA requirement and testing even for Rel-15. 
    
Considering the demand of transparent TxD to be enabled in RAN4/5 specification will be satisfied in Rel-16 requirement, we should stop the Rel-15 discussion which occupied too much prioritization and effort over the previous RAN4 meetings: 
Proposal 1: For transparent TxD for FR1 in Rel-15, RAN4 need to follow existing agreement and final resolution from RAN4#92bis, and there is no necessity to further discuss Rel-15 transparent TxD. 

4.2 Issue-2: Power Class 2 Ambiguity
As mentioned in GCF liaison, the following requirements captured in RAN4 specification are conflicting which requires the clarification and overhaul from RAN4: 
	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. 

b) As Per section 6.2D.1 of 3GPP 38.101-1 v15.9.0:
" If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply."


c) As per above the requirements for a UE configured in a particular way (see point a) the PC requirements are different in 38.101-1 v15.9.0 and 38.101-3 v.15.9.0. GCF CAG considers this requirement to be very important for test coverage.
d) PC2 NSA requirement as referenced in TS38.101-3 subclause 6.1 is not fully concluded yet in RAN4.



Considering the power class ambiguity has already given the industry conflicting information while influencing 3GPP RAN4’s reputation, the ambiguity needs to be fixed as soon as possible, while the RAN4 solution needs to be clear enough without generating ambiguity to industry stakeholders.  
Proposal 2: RAN4 need to solve the power class 2 ambiguity, by correcting SA UL-MIMO and EN-DC requirement in a consistent way by RAN4#95-e. 

Technically, the problem should be dated back to the WF R4-1803259, in which RAN4 clearly admitted PA configurations for PC2 HPUE, i.e., (1) 23+23dBm for UL-MIMO, and (2) 26dBm for 1TX. Furthermore, our understanding is: at that time, companies did not take transparent TxD into account (which is also the reason till now transparent TxD is not introduced in RAN4/5 requirement), so for the configuration with 23+23dBm for UL-MIMO, UE will only have 23dBm MOP for single TX port transmission.
	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 



Even more, the above highlighted agreement clearly indicate the allowed PA configurations for PC2 HPUE, i.e., (1) 23+23dBm for UL-MIMO, and (2) 26dBm for 1TX. Furthermore, our understanding is: at that time, companies did not take transparent TxD into account, so for the configuration with 23+23dBm for UL-MIMO, UE will only have 23dBm MOP for single TX port transmission. 
Similarly, for UE behaviour for EN-DC mode when UE with 2 x 23dBm PAs declare PC2 in NR SA operation, the following exception has been agreed by CR [3, R4-1916137], which allow such UE to meet PC2 requirement for EN-DC mode if UL-MIMO is not supported in EN-DC mode. 
Considering the question raised by GCF, there are only two ways to clarify RAN4 requirements in a “consistent way”: 
Observation 3: To solve the power class ambiguity as raised by GCF, there are two options to overhaul RAN4 requirements in a consistent way: 
- Option-1: Allowing 3dB lower MOP for UE with PA architecture of 23dBm+23dBm for both SA UL-MIMO and EN-DC in Rel-15:
         The following text proposal in introduced in TS38.101-1: 
“For UE with power class 2 as indicated by the ue-PowerClass field of the UE-NR-Capability IE, the UE shall meet the corresponding power class 2 or power class 3 requirements in clause 6.2.1 when PUSCH is scheduled for single antenna-port transmission by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation.”
- Option-2: SA and EN-DC UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported) in Rel-15:
         The text proposal introduced in agreed CR R4-1916137 needs to be removed. 
         Considering RAN4 agreement and resolution “Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements”, Rel-15 UE with PA architecture 23dBm+23dBm is not allowed to claim its support of PC2.  

5 Conclusion
In this paper, we provided our views on completion related issues on EN-DC and NR SA for UE with two TX RF chains, with following observations and proposals: 
Observation 1: The following agreement achieved in RAN4#92bis is not only “RAN4 agreement” we need to follow, but also widely recognized as “final resolution” after a long and over-due RAN4 Rel-15 discussion: 
· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements [R4-1913067].    
Observation 2: The discussion of enabling transparent TxD in RAN4/5 specification should be restricted in FR1, since transparent TxD in FR2 is not restricted in OTA requirement and testing even for Rel-15. 
Proposal 1: For transparent TxD in Rel-15, RAN4 need to follow existing agreement and final resolution from RAN4#92bis, and there is no necessity to further discuss Rel-15 transparent TxD. 

Proposal 2: RAN4 need to solve the power class 2 ambiguity, by correcting SA UL-MIMO and EN-DC requirement in a consistent way by RAN4#95-e. 
Observation 3: To solve the power class ambiguity as raised by GCF, there are two options to overhaul RAN4 requirements in a consistent way: 
- Option-1: Allowing 3dB lower MOP for UE with PA architecture of 23dBm+23dBm for both SA UL-MIMO and EN-DC in Rel-15:
         The following text proposal in introduced in TS38.101-1: 
“For UE with power class 2 as indicated by the ue-PowerClass field of the UE-NR-Capability IE, the UE shall meet the corresponding power class 2 or power class 3 requirements in clause 6.2.1 when PUSCH is scheduled for single antenna-port transmission by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation.”
- Option-2: SA and EN-DC UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported) in Rel-15:
         The text proposal introduced in agreed CR R4-1916137 needs to be removed. 
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