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1. Introduction
In RAN Plenary #92-e, RAN plenary approve the new work item on “UE RF requirements for Transparent Tx Diversity (TxD) for NR”, regarded the official work assignment tasked by RAN plenary on the long-lasting RAN4 discussion on transparent TxD which can be dated back to Rel-15 [1]. In last RAN4 meeting, Way Forward on UL full power transmission (ULPFTx) with TxD, approved in [3, R4-2202354]. 
In this contribution, we would like to focus on the impact of introducing transparent TxD on existing Uplink Full Power Tx (ULFPTx) related requirement, and provide our viewpoints accordingly. 

2. Discussion
2.1 ULFPTx Capable UE’s Fallback DCI Requirement
In RAN4#101-Bis-e, three methods are discussed for ULFPTx capable UE’s fallback DCI requirement definition, in which the difference comes from how to treat the cases for selected ULPFTx mode and UE’s support of ULFPTx.  
	
Topic #4: ULFPTx and TxD 
· Way forward: 
· How ULFPTx capable UE’s fallback DCI requirement should be defined? 
· Alt. 1:
· Default fallback DCI requirement is directed to 6.2, except:
· Only give exception to ULFPTx Mode 1 UE to 6.2G
· Independent on UE indicating its support of TxD: 
· Wording of “If UE not indicating Tx Diversity” (already implemented in 38.101-1 v17.4.0) is not needed 
· Typical Text Proposal for Alt. 1: 
	<from Nokia R4-2200483>
If UE not indicating Tx diversity [15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling with the following exceptions: for UEs being configured with ul-FullPwrMode1-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass apply.


· The below table reflect the implication for Alt. 1: 
	Single antenna-port Requirements applicability
	ul-FullPwrMode1-r16
(Mode-1)
	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 
(Mode-2 Mechanism 1)
	ul-FullPwrMode2-TPMIGroup-r16
(Mode-2 Mechanism 2)
	ul-FullPwrMode-r16
(Mode 0)
	No ULFPTx

	txDiversity-r16
	Dual Tx
(Exception in Alt.1)
	N/A if single antenna-port PUSCH etc.. is considered as exception of requirements in Table 6.2D.1-3

Dual Tx (Exception is allowed) if single antenna-port PUSCH etc.. is considered as exception of all the requirements for Rel-16 UL MIMO
	N/A
(Given that TxD is half rated declared PC PA x 2, this will in principle not happen)
	N/A
(Given that TxD is half rated declared PC PA x 2, this will in principle not happen)
	Dual Tx

	No TxD indication
	Dual Tx
(Exception in Alt.1)
	Single Tx
	Single Tx
	Single Tx
	Single Tx


· Alt. 2:
· Default fallback DCI requirement is directed to 6.2, except:
· Give exception to ULFPTx Mode 1 UE to 6.2G 
· Give exception to UE indicating [txDiversity-416] to 6.2G
· Typical Text Proposal for Alt. 2: 
	<from Ericsson R4-2200862>
If the UE not indicating Tx diversity [xx, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for at least one antenna connector for the power class as indicated by the ue-PowerClass field in capability signalling with the following exceptions: for UEs indicating [txDiversity-r16] or ul-FullPwrMode1-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 


· The below table reflect the implication for Alt. 2: 
	Single antenna-port Requirements applicability
	ul-FullPwrMode1-r16
(Mode-1)
	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 
(Mode-2 Mechanism 1)
	ul-FullPwrMode2-TPMIGroup-r16
(Mode-2 Mechanism 2)
	ul-FullPwrMode-r16
(Mode 0)
	No ULFPTx

	txDiversity-r16
	Dual Tx
(Exception in Alt.2)
	Dual Tx
(Exception in Alt.2)
	Dual Tx
(Exception in Alt.2)

	Dual Tx
(Exception in Alt.2)

	Dual Tx

	No TxD indication
	Dual Tx
(Exception in Alt.2)
	Single Tx
	Single Tx
	Single Tx
	Single Tx


· Alt. 3: 
· For all ULFPTx modes UE, based on [txDiversity-r16] to determine whether 6.2 or 6.2G shall be applied for fallback DCI: 
· Typical Text Proposal for Alt. 3: 
	<from Samsung R4-2201762>
If UE not indicating Tx diversity [xx15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. If UE indicating Tx diversity [15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2G.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.


· The below table reflect the implication for Alt. 2: 
	Single antenna-port Requirements applicability
	ul-FullPwrMode1-r16
(Mode-1)
	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 
(Mode-2 Mechanism 1)
	ul-FullPwrMode2-TPMIGroup-r16
(Mode-2 Mechanism 2)
	ul-FullPwrMode-r16
(Mode 0)
	No ULFPTx

	txDiversity-r16
	Dual Tx
	Dual Tx
	Dual Tx
	Dual Tx
	Dual Tx

	No TxD indication
	Single Tx
	Single Tx
	Single Tx
	Single Tx
	Single Tx


· Other alternatives, or combined one if identified.



2.2.1 ULFPTx Mode-1 (ul-FullPwrMode1-r16 = ’supported’): 
For ULPFTx Mode-1 UE, it is expected that two half-rated PAs shall be used simultaneously to achieve full power for UE with non-coherent 2TX antenna. Particularly, TPMI=2 (originally for fullCoherent codebook in Rel-15) is enabled for partial-/non-coherent codebook as full-power transmission purpose for Rel-16 ULFPTx Mode 1 capable UE, while the same power scaling mechanism as Rel-15 is used. 
[image: ]
However, it should be noted that TMPI=2 can be used even from Rel-15 for UE capable of fullCoherent codebook. For those Rel-15 fullCoherent codebook capable UE (not relevant to ULPFTx Mode-1 UE at all), if single-port fallback DCI is scheduled, they anyway needs 1TX port to achieve the required power, since transparent TxD has not yet been introduced in Rel-15 3GPP spec at all. 
Observation 1: ULPFTx Mode-1 is introduced to enable 1layer TPMI=2 transmission for UE not capable of 2TX fullCoherent CB.
Observation 2: Rel-15 UE capable of fullCoherent CB (which is already capable of 1layer TPMI = 2 transmission) needs to support full power by using 1TX antenna connector, if fallback DCI is scheduled.
[image: cid:image008.jpg@01D778B0.63918F60]The similar fallback DCI treatment for “Rel-15 UE supporting fullCoherent CB” and “Rel-16 UE support ULFPTx Mode-1 (not supporting fullCoherent CB)”, i.e., for UE not supporting TxD, it has to implement one full-rated PA for fallback DCI, otherwise it can’t achieve the claimed power class by “fallback DCI” if all PAs are non-full-rated PAs. RAN4 has a WF (R4-2008462) to clearly elaborate this problem: 
Observation 3: The same treatment of fallback DCI behaviour shall be applied for (1) UE capable of ULFPTx Mode-1; (2) UE capable of fullCoherent CB. 
Proposal-1: For UE supporting ULFPTx Mode-1 but not explicitly indicating its support of TxD, UE needs to use single Tx to fulfil MOP for “fallback DCI”. 
2.2.2 ULFPTx Mode-2 Mechanism-1 (ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 = ’p1-2’): 
By following the same logic as Mode-1, for UE not explicitly its support of TxD, it is expected that UE shall rely on single Tx to fulfil MOP for “fallback DCI”. 
Proposal-2: For UE supporting ULFPTx Mode-2 Mechanism-1 but not explicitly indicating its support of TxD, UE needs to use single Tx to fulfil MOP for “fallback DCI”. 

2.2.3 ULFPTx Mode-2 Mechanism-2 (ul-FullPwrMode2-TPMIGroup-r16 = twoPorts-r16 {01} or {10}), and ULFPTx Mode 0 (ul-FullPwrMode-r16 = ’supported’)
Based on RAN4 discussion, companies have different understanding for whether or not to allow TxD to achieve full power for fallback DCI, for UE capable of ULFPTx Mode-2 Mechanism-2 or Mode-0. In general, we see the lower importance of this case, since it could be low necessity of constructing the full power TPMI with multiple Tx antenna. Therefore, we think all the below treatments are acceptable:
Proposal-3: For UE supporting ULFPTx Mode-2 Moechansm-2 or ULFPTx Mode-0, but explicitly indicating its support of TxD, the following treatments are possible and acceptable:
(1) De-prioritized (no need to be mentioned explicitly in TS38.101);
(2) Not allowed (explicitly in TS38.306); 
(3) Required to achieve full power for fallback DCI by using 1TX.   

2.2.4 Summary of Applicability Rule 
In summary, our proposal on the applicability rule for TxD and ULFPTx for fallback DCI is provided as below: 
Proposal-4: The proposed applicability rule for fallback DCI with UE’s support of TxD and ULFPTx is summarized as:
Table 1. Single antenna-port (“fallback DCI”) Requirements applicability 
	Single antenna-port Requirements applicability
	ul-FullPwrMode1-r16
(Mode-1)
	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 
(Mode-2 Mechanism 1)
	ul-FullPwrMode2-TPMIGroup-r16
(Mode-2 Mechanism 2)
	ul-FullPwrMode-r16
(Mode 0)
	No ULFPTx

	txDiversity-r16
	Dual Tx
	Dual Tx
	Low Priority
Or N/A
	Low Priority
Or N/A
	Dual Tx

	No TxD indication
	Single Tx
	Single Tx
	Single Tx
	Single Tx
	Single Tx



2.2 Text Proposal for Fallback DCI 
Proposal-5: RAN4 adopt the following text proposal for the MOP requirement if UE is scheduled by fallback DCI and UE support TxD: 
	 If UE not indicating Tx diversity [xx15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. If UE indicating Tx diversity [15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2G.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.
<Note: if RAN4 choose the treatment of “(3) Required to achieve full power for fallback DCI by using 1TX” for UE capable of Mode-2 Mechanism-2 and UE capable of Mode-0>
A UE indicating ul-FullPwrMode2-TPMIGroup-r16 or ul-FullPwrMode-r16 shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.


3. Conclusion
In this contribution, we provide our analysis on the impact of introducing transparent TxD particularly on existing Rel-16 eMIMO uplink full power transmission (ULFPTx) related requirement, and accordingly the following proposals and observations are obtained: 
<ULFPTx Mode-1>
Observation 1: ULPFTx Mode-1 is introduced to enable 1layer TPMI=2 transmission for UE not capable of 2TX fullCoherent CB.
Observation 2: Rel-15 UE capable of fullCoherent CB (which is already capable of 1layer TPMI = 2 transmission) needs to support full power by using 1TX antenna connector, if fallback DCI is scheduled.
Observation 3: The same treatment of fallback DCI behaviour shall be applied for (1) UE capable of ULFPTx Mode-1; (2) UE capable of fullCoherent CB. 
Proposal-1: For UE supporting ULFPTx Mode-1 but not explicitly indicating its support of TxD, UE needs to use single Tx to fulfil MOP for “fallback DCI”. 

<ULFPTx Mode-2 Mechanism-1>
Proposal-2: For UE supporting ULFPTx Mode-2 Mechanism-1 but not explicitly indicating its support of TxD, UE needs to use single Tx to fulfil MOP for “fallback DCI”. 

<ULFPTx Mode-2 Mechanism-2 and Mode-0>
Proposal-3: For UE supporting ULFPTx Mode-2 Moechansm-2 or ULFPTx Mode-0, but explicitly indicating its support of TxD, the following treatments are possible and acceptable:
(1) De-prioritized (no need to be mentioned explicitly in TS38.101);
(2) Not allowed (explicitly in TS38.306); 
(3) Required to achieve full power for fallback DCI by using 1TX.   

<Summary of applicability rule>
Proposal-4: The proposed applicability rule for fallback DCI with UE’s support of TxD and ULFPTx is summarized as:
Table 1. Single antenna-port (“fallback DCI”) Requirements applicability 
	Single antenna-port Requirements applicability
	ul-FullPwrMode1-r16
(Mode-1)
	ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16 
(Mode-2 Mechanism 1)
	ul-FullPwrMode2-TPMIGroup-r16
(Mode-2 Mechanism 2)
	ul-FullPwrMode-r16
(Mode 0)
	No ULFPTx

	txDiversity-r16
	Dual Tx
	Dual Tx
	Low Priority
Or N/A
	Low Priority
Or N/A
	Dual Tx

	No TxD indication
	Single Tx
	Single Tx
	Single Tx
	Single Tx
	Single Tx



<TP for fallback DCI>
Proposal-5: RAN4 adopt the following text proposal for the MOP requirement if UE is scheduled by fallback DCI and UE support TxD: 
	 If UE not indicating Tx diversity [xx15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. If UE indicating Tx diversity [15, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2G.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.
<Note: if RAN4 choose the treatment of “(3) Required to achieve full power for fallback DCI by using 1TX” for UE capable of Mode-2 Mechanism-2 and UE capable of Mode-0>
A UE indicating ul-FullPwrMode2-TPMIGroup-r16 or ul-FullPwrMode-r16 shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.
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Way Forward

« Transparent TxD’s applicability for UEs supporting or not supporting
ULFPTX in Rel-16
« [Reconfirm previous agreement] “The applicability of Transparent TxD is NOT
related to UE supporting or not supporting Rel-16 ULFPTX"

* [Newly added] In Rel-16, RAN4 ULFPT requirement needs to allow UE to use
transparent TxD to achieve the required transmission power in following cases

* Mode-1 UE use transparent TxD for single SRS port (either with DCI_0_0 or single SRS port
with DCI_0_1)

« FFS transparent TxD can be used for UE configured with two SRS ports
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