[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #101-bis-e                                                     R4-2201762                                                                                                                          
Electronic Meeting, Jan. 17th – 25th, 2022
[bookmark: _GoBack]Source:	Samsung
Title:	Further Discussion on Transparent TxD – ULFPTx related
Agenda item:			6.7.3.2
Document for:	Discussion
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]. Specifically, the following objectives are set up by RAN plenary:  
	UE Requirements for the feature Transparent Tx Diversity (TxD):
· Phase 1:
· Complete needed specification changes to such items as spectral flatness, MPR, EVM, ACLR for all power classes to enable UE to implement Transmit Diversity (TxD) [RAN4]
· The concluded agreements related to Tx Diversity (TxD) shall be followed
· [bookmark: _Hlk74916731]UE capability signalling of Transparent Tx Diversity (TxD) and allowing early implementation from Rel-15 [RAN2] 
· Phase 2:
· Specify, if necessary, changes to enable Transmit Diversity (TxD) capable UE to support SRS antenna switching and Uplink full power transmission (ULFPTx). [RAN4, RAN2]
· Leverage existing work for this feature done up to now. [RAN4, RAN2]
· A TP will be provided for TR including previous background and agreements documented in TR format in the first meeting
Note: Running CR is utilized to reflect the progress for phase 1 and phase 2. Phase 1 and phase 2 requirements can be studied in parallel, but phase 1 requirements have high priority to be finished firstly
Note: The relationship between transparent TxD requirements and requirements on ULFPTx and SRS switching can be discussed in phase 1. In particular it should be agreed during phase 1 whether the requirements to be derived during phase 2 for ULFPTx and SRS switching should apply regardless of TxD capability/requirements/behaviour or not.


In last RAN4 meeting, Way Forward on UL full power transmission (ULPFTx) with TxD, approved in [2, R4-2119974]. 
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 Applicability Rule for TxD and ULFPTx Capability
Based on the good summary from WF [2], the complexity comes how to interpret the new Rel-17 TxD capability together with Rel-16 ULFPTx capability, as summarized in the below table copied from WF: 
 
Table 1. Single antenna-port 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
	TBD
	TBD
	Dual Tx

	No TxD indication
	TBD
	TBD
	Single Tx
	Single Tx
	Single Tx


Then, the discussion is focused on the fields with TBD. 

2.2.0 Status of Rel-16 ULFPTx MOP Requirement 
In Rel-16 RAN4 work for NR MIMO enhancement, for FR1, the MOP requirement of ULPFTx is introduced as below. Furthermore, based on the latest endorsed CR (R4-2115110), the requirement applicability for fallback DCI is also revised.  
	<from Section 6.2D.1 UE maximum output power for UL MIMO>
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. 
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
	ULFPTx Mode
	Transmission scheme
	DCI format 
	Modulation
	Number of layers
	Number of Tx Port
	TPMI index

	Mode-1
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM NOTE3
	1
	2
	2

	Mode-2
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0 or 1NOTE2

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0,1

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ULFPTxModes set to Mode-1, all the transmitter requirement for CP-OFDM based modulation is not needed to be verified if the requirement for UL MIMO has been validated.



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. 



Observation-1: In the Section 6.2D.1 MOP requirement for UL-MIMO, there is not requirement applicable to the UE supporting Tx diversity 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. 

2.2.1 ULFPTx Mode-1 (ul-FullPwrMode1-r16 = ’supported’): 
Specifically, the row of “Mode-1” in above configuration table for MOP, is corresponding to “ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1”: 
· It should be noted that, the Mode-1 row in table is only corresponding to the case where Mode-1 capable UE is scheduled as “fullpowerMode1” in their PUSCH-config, but nothing related to Mode-1 capable UE is scheduled as “fallback DCI”: 
· Since transparent TxD is not yet supported in Rel-16 discussion, we can’t achieve the claimed power class by “fallback DCI” if all PAs are non-full-rated PAs, and RAN4 has a WF (R4-2008462) to clearly elaborate this problem: 
 [image: cid:image008.jpg@01D778B0.63918F60]
· For transparent TxD UE, it is needed (in this Rel-17 transparent TxD WI) to be discussed where/how the “fallback DCI” needs to be redirect; however, it is another story, which will be addressed in Section 2.3. 
Observation-2: After TxD UE is introduced in Rel-17, MOP requirement of Rel-16 ULFPTx Mode-1 UE needs no revisit. 
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’): 
It should be noted that “Note-2: TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213]” only corresponds to Mode-2 Mechanism-2 (TPMI indication). In other words, the current TS38.101 don’t explicitly list Mechanism-1 of Mode-2, because it is just UE’s requirement for UE’s RF capability, which is already covered by the fallback DCI, and we don’t need another conformance test dedicated for Mechanism-1. 
Observation-3: MOP requirement of ULFPTx Mode-2 Mechanism-1 is intentionally not covered in Rel-16, which needs no revisit. 
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}): 
On the other hand, for UE supporting ULFPTx Mode-2 Mechanism-2 but also supporting TxD, it is possible that TxD is used to achieve to the full power TPMI. However, we see the lower importance of this case, since it could be low necessity of constructing the full power TPMI with multiple Tx antenna. 
Proposal-3: For UE supporting ULFPTx Mode-2 Moechansm-2 but explicitly indicating its support of TxD, the case should be de-prioritized and no need to consider this case in TS38.101. 

2.2.4 ULFPTx Mode 0 (ul-FullPwrMode-r16 = ’supported’): 
For the row of “Mode 0”, TPMI 0 and 1 is used to achieve the full power transmission (with Rel-16 defined power scaling s =1). Because ULFPTx Mode 0 is proposed for the UEs with full-rated PAs on each TX chain, we don’t expect the MOP requirement for ULFPTx Mode 0 is related to Transparent TxD. 
Observation-4: After TxD UE is introduced in Rel-17, MOP requirement of Rel-16 ULFPTx Mode-0 UE needs no revisit. 
Proposal-4: For UE supporting ULFPTx Mode-0 but explicitly indicating its support of TxD, the case should be de-prioritized and no need to consider this case in TS38.101. 

2.2.5 Summary of Applicability Rule 
In summary, our proposal on the applicability rule for TxD and ULFPTx for fallback DCI is provided as below: 
Proposal-5: The proposed applicability rule for fallback DCI with UE’s support of TxD and ULFPTx is summarized as:
Table 2. 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
	Low Priority
	Dual Tx

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



2.2 Expected MOP Requriement Impact for Fallback DCI 
As mentioned above, for UE which needs transparent TxD to achieve full power, e.g., ULFPTx Mode 1 UE, and Mechanism-1 of ULFPTx Mode 2 UE, the MOP requirement needs to redirected to the section (that is suffix G based on current RAN4 discussion). However, the redirect is not only for Rel-16 ULFPTx UE, but also applied for a normal UL-MIMO supported UE which also rely on transparent TxD to achieve full power if scheduled by fallback DCI. 
Proposal-6: For ULFPTx Mode 1 UE and Mode-2 UE with Mechanism-1 (SRS port virtualization), if fallback DCI is scheduled, the MOP requirement needs to be redirected to suffix G to enable transparent TxD usage, if UE support Rel-17 TxD. The same redirect is not only for ULPFTx but also for Rel-15 UL-MIMO UE which rely on transparent TxD. 
Accordingly, the following text proposal is needed for the MOP requirement if UE is scheduled by fallback DCI and also support TxD. 
Proposal-7: 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.


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: 
Observation-1: In the Section 6.2D.1 MOP requirement for UL-MIMO, there is not requirement applicable to the UE supporting Tx diversity 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. 
Observation-2: After TxD UE is introduced in Rel-17, MOP requirement of Rel-16 ULFPTx Mode-1 UE needs no revisit. 
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”. 
Observation-3: MOP requirement of ULFPTx Mode-2 Mechanism-1 is intentionally not covered in Rel-16, which needs no revisit. 
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”. 
Proposal-3: For UE supporting ULFPTx Mode-2 Moechansm-2 but explicitly indicating its support of TxD, the case should be de-prioritized and no need to consider this case in TS38.101. 
Observation-4: After TxD UE is introduced in Rel-17, MOP requirement of Rel-16 ULFPTx Mode-0 UE needs no revisit. 
Proposal-4: For UE supporting ULFPTx Mode-0 but explicitly indicating its support of TxD, the case should be de-prioritized and no need to consider this case in TS38.101. 
Proposal-5: The proposed applicability rule for fallback DCI with UE’s support of TxD and ULFPTx is summarized as:
Table 2. 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
	Low Priority
	Dual Tx

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



Proposal-6: For ULFPTx Mode 1 UE and Mode-2 UE with Mechanism-1 (SRS port virtualization), if fallback DCI is scheduled, the MOP requirement needs to be redirected to suffix G to enable transparent TxD usage, if UE support Rel-17 TxD. The same redirect is not only for ULPFTx but also for Rel-15 UL-MIMO UE which rely on transparent TxD. 
Proposal-7: 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.
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« 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





