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[bookmark: _Toc21340781][bookmark: _Toc29805228][bookmark: _Toc36456437][bookmark: _Toc36469535][bookmark: _Toc37253944][bookmark: _Toc37322801][bookmark: _Toc37324207][bookmark: _Toc45889730][bookmark: _Toc52196385][bookmark: _Toc52197365][bookmark: _Toc53173088][bookmark: _Toc53173457][bookmark: _Toc61118718][bookmark: _Toc61119100][bookmark: _Toc61119481][bookmark: _Toc75294484][bookmark: _Toc76510247][bookmark: _Hlk528842194]< start of changes >
[bookmark: _Toc87881881][bookmark: _Toc99087346]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	R1-2007245, “Reply LS on feasibility of UL FPTx modes and transparent TxD for certain UE implementation”, RAN1

…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to 21.905 be the first in the list.
< text omitted >
[bookmark: _Toc78447709][bookmark: _Toc87881921][bookmark: _Toc99087386]5.3	Uplink Full power transmission (ULFPTx) for UL MIMO
[bookmark: _Toc78447668][bookmark: _Toc87881922][bookmark: _Toc99087387]5.3.1	Agreements
Editor’s note: The final requirements have not been set yet.
5.3.1.1	Single-antenna port fallback
The requirements applicable when a UE is 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.are summarized in Table 5.3.1-1. The entries ‘Single TX’ and ‘Dual TX’ refer to the requirements in clauses 6.2 and 6.2G (and their subclauses) of the Rel-17 version of 38.101-1, respectively. The typical ULFPTx architectures are described in Section 5.3.3.

Table  5.3.1-1: Single-antenna port applicability with an without TxD indication

	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
	Single Tx
 
	Single Tx
 
	Dual Tx

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



The requirement that Mode 0 UEs or UEs supporting Mode 2 Mechanism 2 meet the power class with a single connector (single TX) is driven by the need for consistent virtualization among DCI 0_0 and 0_1 and among single and two port SRS transmission.  
One potential implementation that could be considered is to virtualize two antenna port transmission by transmitting one port as the sum of the TX chains, and the other as the difference of the two chains.  Since in this implementation, the UE virtualizes to form an SRS port, two SRS ports must be transmitted in the same symbol on a TX chain, which could degrade the PAPR of SRS transmission. The UE would need to transmit two SRS ports on each PA in a symbol as described in [2]. Furthermore, the UE must use the same virtualization for PUSCH. With such a virtualization for PUSCH, each Tx chain will carry two layers in the case of rank 2 transmission. Therefore, the PAPR of PUSCH could be degraded, which is contrary to the desire to support UL full power transmission in the UE. 
Another aspect to consider is consistent single port operation in DCI 0_0 and 0_1.  If a UE is configured with one port, it must transmit PUSCH in the same way it transmits SRS.  Since DCI 0_0 is single port transmission, then transmitting with DCI 0_0 and 0_1 should result in the same PUSCH.  Therefore, DCI 0_0 and 0_1 should use the same number of connectors and requirements for single port transmission.
Hence a UE configured for Mode 2 Mechanism 2 shall the meet the power class requirement one connector (i.e. without virtualization). A similar argument holds for Mode 0. 

5.3.1.2	SRS antenna switching and ULFPTx
The requirements on the configured maximum output power PCMAX,f,c (sub-clause 6.2.4 of 38.101-1) during SRS transmission occasions do not depend on the full-power mode configured but on indication of txDiversity-r16, the number of SRS ports and the power class supported. Given this, for ULFPTx modes in Table 5.3.1-1 supported by UE implemenations also indicating txDiversity-r16 using ‘dual TX’ for achieving full-power, the requirements prevent antenna virtualization during single-port SRS transmissions for DL CSI estimation. 

[bookmark: _Toc78447669][bookmark: _Toc87881923][bookmark: _Toc99087388]5.3.2	Study process
Editor’s note: The discussion process and analysis have not been completed yet.
In Rel-16, the feature of Uplink full power transmission (ULFPTx) is introduced in the RAN1-led work item of “enhancements on MIMO for NR”. During the Rel-16 RAN4 discussion on ULFPTx, there are some agreement achieved related to transparent TxD. 
In RAN4#95-e, there is agreed WF R4-2008462 in which the following agreements in transparent TxD applicability related to ULFPTx was made:
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 ULFPTx 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
In RAN4#100-e, draft CR (R4-2115110), the MOP requirement for fallback DCI in section 6.2D.1 is restricted to UE not indicating Tx diversity (with or without ULFPTx configured). For UE indicating Tx diversity (with or without ULFPTx), the MOP requirement in section 6.2G.1 shall be applied. 
In RAN4#101-e, the detailed ULFPTx feature is reviewed, in which different modes of ULFPTx have been analysed and captured in the clause 5.3.3.
In RAN4#102-e requirements for single-antenna fallback for UEs configured with ULFPTx were agreed in R4-2206519. A summary of discussions leading up to the agreement in sub-clause 5.3.1.1 can be found in R4-2205887.
[bookmark: _Toc87881924][bookmark: _Toc99087389]5.3.3	RF Architecture Review for UE with Rel-16 ULFPTx Feature 
In Rel-16, RAN1 has introduced the feature of UL full power transmission (ULFPTx) and RAN4 identified the corresponding impacts on RAN4 requirement. It should be noted the clause 5.3.3 is provided to introduce the ULFPTx feature which is intended to provide information for the relevant Rel-17 TxD discussion, and specifically the three ULFPTx modes are presented in the following sub-clauses. 
[bookmark: _Toc87881925][bookmark: _Toc99087390]5.3.3.1	ULFPTx Mode 1 (ul-FullPowerTransmission-r16 = ’fullpowerMode1’): 
ULFPTx Mode 1 is proposed for the UEs with non-Coherent or partial coherent UL-MIMO codebook, with codbookSubset = nonCoherent. Particularly, new TPMI (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. Although it is not explicitly required, ULPFTx Mode 1 is more reasonable to be applied for UE with either (1) UEs with no full-rated PAs on any of TX chains, or (2) UEs with full rated PAs on the subset of TX chains. Because RAN4 discussion is only restricted to 2TX case, so here below is the case which introduce RAN4 specification impact: 
[image: ]
Fig. 5.3.3.1-1. Illustration of Rel-16 ULFPTx Mode 1

[bookmark: _Toc87881926][bookmark: _Toc99087391]5.3.3.2	ULFPTx Mode 2 (ul-FullPowerTransmission-r16 = ’fullpowerMode2’): 
Compared with Mode-1/0, ULFPTx Mode 2 is more complex, since two mechanisms are specified, where one of them is configured by gNB.  Similar to Mode 1, although it is not explicitly required, ULPFTx Mode 2 is more reasonable to be applied for UE with either (1) UEs with no full-rated PAs on any of TX chains, or (2) UEs with full rated PAs on the subset of TX chains.
ULFPTx Mode 2 Mechanism-1 (SRS port virtualization): 
In this Mechanism-1, UE is configured multiple SRS resources having different number of ports, while the full power transmission is achieved if SRI is indicated for the SRS with one port. In this mechanism-1, the same power scaling as Rel-15 is applied. 
[image: ]
Fig. 5.3.3.2-1. Illustration of Rel-16 ULFPTx Mode 2 (Mechanism-1, SRS port virtualization)

ULFPTx Mode 2 Mechanism-2 (TPMI indication): 
In this Mechanism-2, UE reports existing TPMI(s) available for full power transmission, and the only difference comes from the different behaviour of power scaling: 
For full power TPMI, Rel-16 power scaling factor s = 1 is applied;
For non-full-power TPMI, Rel-15 power scaling factor is applied, as illustrated below. 
[image: ]
Fig. 5.3.3.2-2. Illustration of Rel-16 ULFPTx Mode 2 (Mechanism-2, TPMI indication)

[bookmark: _Toc87881927][bookmark: _Toc99087392]5.3.3.3	ULFPTx Mode 0 (ul-FullPowerTransmission-r16 = ’fullpower’): 
ULFPTx Mode 0 is proposed for the UEs with full-rated PAs on each TX chain. For UE supporting ULFPTx Mode 0, Rel-16 power scaling factor s = 1, which is compared with Rel-15 power scaling factor (i.e., s = ratio of # non-zero PUSCH transmission power to # of SRS ports). For the below case, Rel-16 ULFPTx Mode-0 can enable the full power transmission while Rel-15 mechanism can only achieve half of power, i.e., s = ½ for TPMI = {1 0}. 
[image: ]
Fig. 5.3.3.3-1. Illustration of Rel-16 ULFPTx Mode 0

[bookmark: _Toc78447710][bookmark: _Toc87881928][bookmark: _Toc99087393]6	Applicability and verification

< end of changes >
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