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1	Introduction 
In RAN5#93-e meeting, a new WI proposal for UE RF requirements for Transparent Tx Diversity (TxD) for NR is submitted for group review.
The corresponding RAN4 WI of NR_RF_TxD has some dependency with following PC1.5 WIs.
1. Rel-16 PC1.5 (LTE_NR_B41_Bn41_PC29dBm) (completed)
· DCI 0_0 UE behavior and requirement relies on TxD 
2. Rel-17 PC1.5 for n77 and n78 (HPUE_PC1_5_n77_n78) 
3. Rel-17 High power UE (power class 1.5) for NR band n79 (RP-210843)
Considering the PC1.5 WIs are also active in RAN5, it worth discussion on how to handle NR_RF_TxD WI and PC 1.5 WI properly in RAN5.
2	Discussion
2.1	Relationship between TxD and PC1.5
2.1.1	TxD introduction
Transparent TxD support is needed for multiple WIs and the requirements have been discussed in RAN4 for quite a long time. The concept of transparent TxD could be found in RAN4 WID [1]:
Generic requirements for UEs configured for single antenna port but when UE implements transparent Tx Diversity, i.e. uses two PAs to come up with output power.
If a UE supports TxD, it’s expected to be equipped with two PAs, or 2Tx in short. There are some other cases where 2Tx is assumed, such as UL-MIMO and EN-DC, but UE works in a different way of TxD.
1. UL-MIMO test cases are based on 2-layer codebook [image: ], which requires 2 layers and 2 antenna ports.
2. EN-DC UE is usually expected to transmit E-UTRA on 1Tx and NR on another 1Tx.
Observation 1: TxD requirements apply when UE transmit single antenna port with two PAs. TxD is not simply equal to 2Tx.
2.1.2	PC1.5 for SA/EN-DC
PC1.5 is introduced since Rel-16 on several bands and EN-DC band combinations. The PC1.5 requirements were derived by RAN4 based on the understanding that 29dBm couldn’t be achieved by single PA.
For SA single antenna port requirements in 6.2.1 of 38.101-1 v17.3.0, it’s clearly indicated 29dBm is achieved via dual Tx, which matches the TxD scenario perfectly.
Table 6.2.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n41
	
	
	295
	+2/-33
	26
	+2/-33
	23
	±23

	n77
	
	
	295
	+2/-3
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	295
	+2/-3
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	295
	+2/-3
	26
	+2/-3
	23
	+2/-3

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:	Power class 3 is default power class unless otherwise stated
NOTE 3:	Refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.
NOTE 4:	The maximum output power requirement is relaxed by reducing the lower tolerance limit by 0.3 dB
NOTE 5:	Achieved via dual Tx
NOTE 6:	Generally, PC1 UE for Band n14 is not targeted for smartphone form factor. The UE power class 1 requirements for Band n14 are applicable for public safety scenario only.



Observation 2: PC1.5 SA single port requirements are implemented via transparent TxD.
For NSA intra-band contiguous or intra-band non-contiguous requirements in 6.2B.1.1 and 6.2B.1.2 of 38.101-3 v17.3.0, 29dBm power class is specified. Given the general assumption that 29dBm couldn’t be achieved via single PA, it’s expected that UE transmits 26dBm on E-UTRA carrier and 26dBm on NR carrier, which is not aligned with TxD concept. 
Table 6.2B.1.1-1: Maximum output power for EN-DC (continuous sub-blocks)
	EN-DC configuration
	Power class 1.5
(dBm)
	Tolerance
(dB)
	Power class 2
(dBm)
	Tolerance
(dB)
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_(n)41AA
	29
	+2/-31
	26
	+2/-31
	23
	+2/-31

	NOTE 1:	If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 2:	Power Class 3 is the default power class unless otherwise stated.



Table 6.2B.1.2-1: Maximum output power for EN-DC (non-continuous sub-blocks)
	EN-DC configuration
	Power class 1.5
(dBm)
	Tolerance
(dB)
	Power class 2
(dBm)
	Tolerance
(dB)
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_41A_n41A
	29
	+2/-31
	26
	+2/-31
	23
	+2/-31

	NOTE 1:	If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.
NOTE 2:	Void.
NOTE 3:	Power Class 3 is the default power class unless otherwise stated.



Observation 3: PC1.5 EN-DC requirements don’t depend on transparent TxD.
2.2	Status of RAN4 specification
As per Observation 2 above, the PC 1.5 SA single antenna port requirement depends on the general TxD requirements. However the discussion on TxD continued for quite a long period, and PC1.5 WIs are closed even before TxD requirements are in place.
The PC 1.5 requirements were added to basic single antenna port test cases.
[bookmark: _Toc83580377][bookmark: _Toc84404886][bookmark: _Toc84413495]6.2.2	UE maximum output power reduction
…
Table 6.2.2-4 Maximum power reduction (MPR) for power class 1.5 with  dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]



During RAN#93-e meeting (Sep 2021), general TxD requirements were added to a series of separate sections with suffix G. There were placeholder for PC 1.5 requirements but the contents remains blank.
[bookmark: _Toc83580493][bookmark: _Toc84405002][bookmark: _Toc84413611]6.2G.2	UE maximum output power reduction for Tx Diversity
For UE supporting Tx diversity, the allowed MPR for the maximum output power in Table 6.2.1-1 is specified in Table 6.2.2-1, Table 6.2G.2-1 and Table 6.2G.2-2 for UE power class 3, 2 and 1.5 respectively. The maximum output power is defined as the sum of the maximum output power at each UE antenna connector.
Table 6.2G.2-1 Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	[≤ 3.5]
	[≤ 1]
	[0]

	
	QPSK
	[≤ 3.5]
	[≤ 2]
	[0.5]

	
	16 QAM
	[≤ 3.5]
	[≤ 2.5]
	[≤ 1.5]

	
	64 QAM
	[≤ 3.5]
	[≤ 3]

	
	256 QAM
	[≤ 5.5]

	CP-OFDM 
	QPSK
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2]

	
	16 QAM
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2.5]

	
	64 QAM
	[≤ 4.5]

	
	256 QAM
	[≤ 8.5]



Table 6.2G.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx

During this same week (RAN4#101-e), RAN4 has discussed on how to improve the clarity of the specification. It was agreed that detailed MPR requirement for dual Tx are moved to suffix D section, which was referred to in suffix G. Iin this sense, the same MPR requirement for dual Tx would apply to both UL-MIMO and TxD. The CR R4-2119977 is approved. 
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…
Table 6.2D.2-1 Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	[≤ 3.5]
	[≤ 1]
	[0]

	
	QPSK
	[≤ 3.5]
	[≤ 2]
	[0.5]

	
	16 QAM
	[≤ 3.5]
	[≤ 2.5]
	[≤ 1.5]

	
	64 QAM
	[≤ 3.5]
	[≤ 3]

	
	256 QAM
	[≤ 5.5]

	CP-OFDM 
	QPSK
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2]

	
	16 QAM
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2.5]

	
	64 QAM
	[≤ 4.5]

	
	256 QAM
	[≤ 8.5]



Table 6.2D.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]


…
6.2G.2	UE maximum output power reduction for Tx Diversity
For UE supporting Tx diversity, the allowed MPR for the maximum output power in Table 6.2.1-1 is specified in Table 6.2.2-1, Table 6.2D.2-1, Table 6.2D.2-2 and Table 6.2D.2-3 for UE power class 3, 2 and 1.5 respectively. For UE power class 1.5, the allowed maximum power reduction (MPR) defined in Table 6.2D.2-3 is in accordance with the indicated modifiedMPR-Behavior specified in Table L.1-1 for channel bandwidths ≤ 100 MHz. The maximum output power is defined as the sum of the maximum output power at each UE antenna connector.
Observation 4: General TxD requirements are specified in suffix G and refer to detailed PC1.5 requirements in suffix D.
RAN4 is discussing on how to rearrange the PC1.5 requirements during this same week (RAN4#101-e). It seems different potential options are considered:
Option 1: Merge PC1.5 requirements to suffix G (test cases for TxD);
Option 2: Move PC1.5 requirements to suffix D (test cases for UL-MIMO);
So far no consensus has been reached.
Observation 4: General TxD requirements and PC1.5 requirements are currently captured in separate sections of TS 38.101-1.
2.3	Expected output of RAN5 WI
In RAN5, several PC1.5 WIs have been active. The relevant requirements are added into test cases such as MOP, MPR and A-MPR. Test procedure has already taken care of dual Tx. Below is example from MOP, and similar description could be found in MPR and A-MPR.
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1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.2.1.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
3.	Measure the mean power of the UE in the channel bandwidth of the radio access mode. For PC1.5 the measured power is the sum of the two ports. The period of measurement shall be at least the continuous duration of one active sub-frame (1ms) and in the uplink symbols. For TDD symbols with transient periods are not under test. 
Observation 5: For PC1.5, a few test cases are quite in shape.
The TxD WI is just triggered in this RAN5 meeting. The initial plan is to setup test cases with suffix G to handle TxD requirements.
Observation 6: For TxD, new test cases with suffix G will be specified under NR_RF_TxD WI.
There was suggestion from companies that test of PC1.5 should be merged to suffix G as PC1.5 depends on TxD. Based on latest RAN4 discussion it seems still too early to decide. 
Observation 7: Whether to merge PC1.5 into suffix G test cases should be discussed laterIt needs further discussion how to re-arrange PC1.5 test cases.
Proposal 1: Keep current PC1.5 test cases unchanged. The plan of re-arranging PC1.5 test cases to align with RAN4 spec needs to be discussed among rapporteurs of all PC1.5 WIs.
3	Conclusions
In this contribution, the following observations were made:
Observation 1: TxD requirements apply when UE transmit single antenna port with two PAs. TxD is not simply equal to 2Tx.
Observation 2: PC1.5 SA single port requirements are implemented via transparent TxD.
Observation 3: PC1.5 SA UL-MIMO requirements and EN-DC requirements don’t depend on TxD requirements.
Observation 4: General TxD requirements are specified in suffix G and refer to detailed PC1.5 requirements in suffix DGeneral TxD requirements and PC1.5 requirements are currently captured in separate sections of TS 38.101-1.
Observation 5: For PC1.5, a few test cases are quite in shape.
Observation 6: For TxD, new test cases with suffix G will be specified under NR_RF_TxD WI.
Observation 7: It needs further discussion how to re-arrange PC1.5 test cases.Whether to merge PC1.5 into suffix G test cases should be discussed later.
Proposal 1: Keep current PC1.5 test cases unchanged. The plan of re-arranging PC1.5 test cases to align with RAN4 spec needs to be discussed among rapporteurs of all PC1.5 WIs.
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