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1.	Introduction
Some UEs that declare support for ULFPTx may also implement transparent Tx diversity (tTxD). We show that such implementations are indeed practical. The existing ‘D’ suffix requirement set does not have directives on which requirement set should apply to such UEs. RAN4 must either agree to preclude those types of UEs or identify in the standard which set of requirements apply. 
2. 	Discussion
The Rel-16 ULFPTx feature enabled UEs with multiple topology options to meet their power class requirements. In some variants of ULFPTx valid UL signal is present on multiple antenna connectors and therefore must be tested accordingly. Consequently, these UEs must also declare support of transparent Tx diversity (‘tTxD’). If the D-suffix requirement set in TS 38.101-2 v16.8 is left as-is, incorrect requirements could apply to certain UE types, as we show below. It is therefore necessary to revisit the D-suffix requirement set as part of the tTxD WI.
2.1	Example ULFPTx implementations that also use tTxD
The common element among this category are UEs that transmit on two antenna connectors when configured for single port transmission. 
2.1.1	ULFPTx Mode-1
Per previous agreements [1]:
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It is evident that such a UE much rely on outputs from 2 Tx chains to meet power class requirements when configured for single port transmission, i.e it must use transparent Tx diversity featuring non 1:1 mapping between its one active port and two ‘hot’ antenna connectors.  The standard however directs these UEs to the requirements that are applicable to single port, single active-antenna connector transmission (suffix-less). Below is an excerpt from 6.2D.1 of TS 38.101-2 v16.8:

[image: ]
i.e., Per the current standard, a Mode-1 UE, when configured for single port transmission, would not get tested based on the UL signal available on both ports. The Mode-1 UE therefore would be forced to have at least one full power PA to comply with all requirements as captured in V16.8, which contradicts the RAN1 design for Mode-1. We can hence conclude that v16.8 does not treat Mode-1 ULFPTx UEs correctly. The requirements for these UEs in 1Tx mode must instead be governed by a dedicated section for UEs that use tTxD.
Observation 1: Sub-clauses 6.xD must ensure that any new tTxD requirement framework should also apply to mode 1 ULFPTx.
A simple re-direction clause in the wording of the D-suffix requirements can provide this correction, see section 2.2.
2.1.2	ULFPTx Mode-fullpower
Apart from the mode-1 problem, there are other UE types that also need consideration for applicability of any new tTxD requirement set. For example, a UE with 2 full-power chains may still choose to use transparent Tx Diversity. Consider:
· PC2 UE with 2 Tx chains: 26 dBm (A) + 26 dBm (B) 
· It declares 2 ports, and both Port 1 and Port 2 are full power ports, but port 1 does not map to chain A directly, and port 2 does not map to chain B directly (i.e non 1:1 mapping between ports and connectors)
· UE splits each data layer among its available Tx chains in the ratio of their abilities (in this case equal split)
For single-port (single-layer) transmission, the example UE would split UL power at max. output power as shown in the table below. Since this pertains to single port transmission, it is understood that both ports cannot be operational at any time, but the example shows both connectors would have valid UL signal (23 dBm each at max. output power).
	1 Layer UL (dBm)
	Port 1 (full power)
	Port 2 (full power)

	Conn (chain) A
	23.0
	23.0

	Conn (chain) B
	23.0
	23.0

	Aggregate UL power per port 
	26.0
	26.0


This type of UE (like the Mode-1 UE above) must be tested based on signals present on both connectors, even when configured for single port transmission. This UE is therefore additional motivation to include a redirection clause as discussed in observation 1.  Note that this type of UE could also declare Mode-2, with 2 full power ports. A properly constructed re-direct clause can capture all these variations.
For completeness, we also touch on 2L operation. When this type of UE is scheduled for 2L UL, this UE’s principle of power splitting would result in the following distribution of power (2 ports operational simultaneously):
	2 Layer UL (dBm)
	Port 1
	Port 2
	Aggregate per chain power

	Conn (chain) A
	20.0
	20.0
	23.0

	Conn (chain) B
	20.0
	20.0
	23.0

	Aggregate UL power per port 
	23.0
	23.0
	3.0 dB back off on each chain (easily) allows simultaneous sounding from both ports



2.1.3	ULFPTx Mode-2
A UE with only a subset of its chains having full-power ability may also use transparent Tx Diversity. Consider:
· PC2 UE with 2 Tx chains: 23 dBm(A) + 26 dBm(B) 
· It declares 2 ports, but only Port 1 is a mode-2 full power port. Port 1 does not map to chain B directly, and port 2 does not map to chain A directly.
· UE splits each layer among its available Tx chains in the ratio of their power capabilities (in this case, a 1:2 linear power split)
For single-port (single-layer) transmission, the UE would split UL power at max. output power as shown in the table below. For single-port transmission, both connectors still have valid UL power:
	1 Layer UL (dBm)
	Port 1 (full power)
	Port 2 

	Conn (chain) A
	21.2
	18.2

	Conn (chain) B
	24.2
	21.2

	Aggregate UL power per port 
	26.0
	23.0



This type of UE also must be ‘collected’ by the redirect clause alluded to in observation 1. 
For completeness, the power distribution across this UE’s connectors in 2L UL operation is shown below:
	2 Layer UL (dBm)
	Port 1
	Port 2
	Aggregate per chain power

	Conn (chain) A
	18.2
	18.2
	21.2

	Conn (chain) B
	21.2
	21.2
	24.2

	Aggregate UL power per port 
	23.0
	23.0
	1.8 dB back off on each chain allows simult. sounding of both ports



2.2	Proposed redirection clause
Section 2.1 captures the motivation to include a redirection clause so UEs that use multiple antenna connectors while transmitting on one port are subject to the correct requirement set. Here is an example of how the existing 6.xD can be modified to achieve this redirection (v16.8 excerpt included as cut and paste for reference):
[image: ]
If UE does not support Tx diversity [xx, TS 38.306] and 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 a UE supports Tx diversity and  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[G].x apply for the power class as indicated by the ue-PowerClass field in capability signalling. 
Additional work on MPR applicability is also required for the UEs considered in this contribution, but that will be covered in an on-going parallel effort.
3. 	Conclusion
Proposal: For UEs that support both ULFPTx and tTxD, subclauses 6.xD shall include a redirection to the set of requirements designed specifically for UEs that support transparent TxD
Example of an implementation is below:
If UE does not support Tx diversity [xx, TS 38.306] and 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 a UE supports Tx diversity  and  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[G].x apply for the power class as indicated by the ue-PowerClass field in capability signalling. 
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If UE 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
we-PowerClass field in capability signalling.
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¢ From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP
for both 1TX port transmission and 2TX UL-MIMO (if supported)

* For UE with 23dBm+23dBm PA architecture, transparent TxD shall be used to have
26dBm MOP for 1TX port transmission.

* TBD how the requirements will be specified




