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Introduction
In previous RAN4 meetings, different MOP, MPR and SRS antenna switching requirements and signaling aspects for varying feature implementations with two transmit paths (TxD, UL MIMO, intra-band ULCA) were discussed in multiple agenda items. This resulted in several agreements/way forward [1-8]. In this contribution, we highlight all the relevant cases and their R17 status, while identifying missing requirements. We also provide further clarification and guidance on related signaling aspects.
Discussion
Although submitted in “6.7.3.2 ULFPTx related” AI as TxD and UL MIMO is the root of some implementation options, the discussion in this contribution is also relevant to AIs:
· 6.3.2.2 HPUE for TDD intra-band contiguous UL CA.
· 6.3.2.2 HPUE for TDD intra-band non-contiguous UL CA.
· 6.3.2.4 Intra-band UL contiguous CA for UL MIMO (n41C and n78C).
· And to some extend can also apply to 5.35.2 Feasibility and impact study.
Implementation of two transmit paths features
In release 17, all UL features and configurations are limited to the following cases:
· A maximum of two transmit paths are involved (note that R18 foresee three Tx cases).
· A maximum of two non-contiguous UL CC clusters for both intra and inter-band cases.
· A maximum of two contiguous UL CCs.
· For any of these cases a maximum of two UL LOs (DC declarations) is allowed.
For release 17 the following features may be implemented with two transmit paths:
· 1CC PC5 (NRU), PC3, PC2 and PC1.5 TxD and/or UL MIMO with/without ULFPTx.
· 2CC PC3 and PC2 intra-band ULCA class C if PA bandwidth is limited (2LO).
· 2CC PC3 and PC2 intra-band ULCA class 2A without bandwidth limitations (2LO).
· 2CC PC3 and PC2 intra-band ULCA class 2A bandwidth ≤200MHz using TxD (1LO).
· 2CC PC2 intra-band ULCA+MIMO class B/C (1LO w/wo TxD).
· 2 non-contiguous CC clusters PC2 inter-band CA cases with different per-band power class (i.e. PC2 23dBm FDD + 26dBm TDD).
Whatever the power class being declared for a given feature, when two transmit paths are used, there are three main possibilities:
· Each path has the capability to reach the power class: 2x1 case (i.e. PC2 NC ULCA with 2x26dBm PAs, each path can reach MOP)
· Each path has half the capability of the power class: 2x1/2 case (i.e. PC1.5 with 2x26dBm PAs using TxD and UL MIMO to reach MOP)
· One path has the capability to reach the power class and the other has half the capability of the power class: 1+1/2 case (i.e. PC2 UL MIMO with ULFPTx but without TxD

With the above features and implementation options, although some could be ignored, it is important to maintain a clear perspective on the completeness of requirements, different behaviors across different modes, and related signaling to differentiate those.
Implications of transmit paths implementation options
The main aspect to be considered is related to how to reach maximum output power (MOP), full output Power (ULFPTx) for 1Tx transmissions, and achievable power on Rx antennas for SRS antenna switching (1T2R and 2T2R).
Implementations with two half PA architecture (2x1/2)
First, it should be pointed out that R16 PC1.5 was designed to only allow this implementation with two 26dBm PAs. This is applicable to TxD and UL MIMO. PC1.5 has also been used for intra-band ENDC but is not applicable to CA as the power splitting does not assume the same behavior.
But more generally, for this 2x1/2 implementation, MOP for intra-band ULCA or ULFPTx for UL MIMO 1Tx transmission can only be achieved by summing the two antenna output power. Thus, the two paths must be active in all modes and rely on TxD, which is a transparent and optional feature. However, for SRS antenna switching, for both 1T2R and 2T2R, this configuration cannot deliver MOP and requires a further 3dB relaxation on all Rx ports.

Observation on 2x1/2 architecture:
· Support of TxD is required to reach MOP for intra-band UL CA and ULFPTx. Since this feature is a transparent and optional feature, the baseline architecture for MIMO and CA cannot rely on this approach. 
· SRS antenna switching requires a 3dB power relaxation for both 1T2R and 2T2R cases.
Implementations with one full and one half PA architecture (1+1/2)
First, it should be pointed out that R16 UL MIMO with ULFPTx was designed assuming the availability of at least one full power PA.
More generally, for this 1+1/2 implementation, MOP for intra-band ULCA or ULFPTx for UL MIMO 1Tx transmission can be achieved by using the full power PA output power. However, PA swapping is required to achieve full power on both antennas, which is needed for 2LO intra-band non-contiguous ULCA depending on RB allocation in the CCs (with additional LO/BB swapping) but also for the UL MIMO code-books states using switched antenna diversity. 
Furthermore, for SRS antenna switching:
· For 1T2R, assuming it is attached to the full power PA, there is no power relaxation needed
· However, for 2T2R, some Rx antennas will require no power relaxation while others will require 3dB.
Additionally, although it is not necessary, it should be noted that some companies request to have the option for TxD for this architecture. This introduces further complexity on the possible UE behavior that can be expected in different modes.

Observation on 1+1/2 architecture:
· Support of TxD is not required to reach MOP for intra-band UL CA and ULFPTx. However, antenna and/or LO/BB swapping is required. 
· 1T2R SRS antenna switching does not require power relaxation, as the baseline should be that the full power PA is used
· 2T2R SRS antenna switching requires a 0 or 3dB power relaxation for different Rx antennas (it is not clear how these can be identified).
Implementations with two full PA architecture (2x1)
First, it should be pointed out that R16 PC3 non-contiguous intra-band ULCA was designed assuming two full power PA availability in order to avoid antenna/LO/BB swapping issue.
More generally, for this 2x1 implementation, MOP for intra-band ULCA or ULFPTx for UL MIMO 1Tx transmission can be achieved on any antenna or CC without the need for TxD or swapping. This is de facto the best performing and easiest implementation. Cost, may appear to be an issue compared to 2x1/2 or 1+1/2 architectures, but this does not account for the performance limitations of the first approach and additional swapping cost for the second approach. Moreover, there are many cases where two full PAs are available to support PC1.5 or intra-band ULCA and thus this architecture offers the best coverage of features.
Furthermore, for SRS antenna switching, for both 1T2R and 2T2R implementations, there is no need for power relaxation.
Similarly to the previous case, there are also requests to have the option for TxD for this architecture which further increases the complexity of managing all the different modes.

Observation on 2x1architecture:
· Support of TxD is not required to reach MOP for intra-band UL CA and ULFPTx, without any swapping required. 
· SRS antenna switching does not require power relaxation in any configuration
Proposals to simplify options for Release 17
With TxD being considered as a feasible option for all architectures, it becomes difficult to map requirements of a given power class in all modes. Thus, we suggest that in the scope of Release 17, TxD be only supported for the 2x1/2 architecture and if TxD is not signalled, at least one full power PA be available (consistent with proposals in [1]). This then means that 2Tx MPR is valid for all modes when TxD is signalled, and that 1Tx MPR is valid for 1Tx transmissions if TxD is not signalled.
With such simplification, in Release 17, TxD is only signalled for PC2 with 23+23dBm architecture, as TxD is implicit to PC1.5. This applies to TxD, UL MIMO with ULFPTx, PC2 contiguous intra-band ULCA+MIMO, 1LO ≤200MHz PC2 non-contiguous intra-band ULCA.
In the same spirit, to simplify the SRS antenna switching power relaxation, the 3dB power relaxation is only allowed for two half PA cases: PC1.5 and PC2 with TxD. In order to make this simplification feasible, it assumes that 2T2R is not supported for 1+1/2 architecture and thus only 1T2R is signalled in this case.

With these assumptions, requirement mapping is firstly decided, either in support of TxD or not, with some additional considerations needed for the 2x1 and 1+1/2 cases.

Proposals on transmit path architecture options simplification for R17:
· TxD is signalled only for 2x1/2 architecture and is implicit for PC1.5, and thus use 2Tx MPR in all modes and is granted 3dB power relaxation for SRS antenna switching
· When TxD is not signalled, 1Tx MPR is used for single antenna transmissions and no power relaxation is granted for SRS antenna switching.
· As a consequence, 2T2R is not supported for 1+1/2 architecture
· It would be logical that a 2x1 architecture implements 2T2R, but 1T2R is not precluded
Current Release 17 MPR requirement status
Assuming that the above simplifications are agreed upon, Table 1 provides a status of MPR for different features, power classes and PA architectures with indication of SRS antenna switching and signaling.

The following applies:
· In bold are the baseline cases which have MPR tables and may referenced for other modes/cases
· In dark green are the cases where MPR table is available in the specification, but some have not yet implemented draft CRs
· * [9] updates some MPR values and conflicts with [10]
· ** [10] Moves 2Tx MPR from section G to section D but conflicts with [9] and does not provide full picture on which MPR table applies for 1Tx transmissions vs TxD support
· In light green are the cases where MPR is already agreed in a WF
· In yellow are the cases where MPR points at one of the baseline MPR tables
· In orange are the cases where initial or incomplete MPR tables are available
· In red are the missing cases
· The “na” cells have two colors:
· White cells is for cases that are not agreed for inclusion in R17 but might exist in the future (for example PC3 with two PC5 PAs for NRU)
· Black cells is for cases where the case is not possible (for example MIMO is not possible with a single PA and PC1.5 assumes two PC2 PAs)
Table 1: MPR requirement status of different features, power classes and PA architectures
	
	PA case
	1
	2x1/2
	1+1/2
	2x1

	
	Signaling
	 
	TxD
	no TxD, no 2T2R
	no TxD, ? vs 1+1/2

	Feature
	SRS SW
	no relaxation
	3dB relaxation
	no relaxation

	1CC
1Tx
and
2Tx
	PC5
	(1) NRU R16 1Tx
	na
	na
	NRU MIMO MPR missing, 1Tx should apply

	
	PC3
	R15 1Tx
	na
	MIMO ULFPTx default, 1Tx applies
	TxD default, 1Tx applies

	
	PC2
	R16 1Tx
	*R17 2Tx
	(2) open R17
	(3) 1CC fall back of NC ULCA+MIMO 2x1 if in R17

	
	PC1.5
	na
	**R16 2Tx w R17 update Smartphone or FWA
	na
	na

	
	PC1
	n14 only
	na
	na
	na

	2CC
cont
	PC5
	open NRU R17
	na
	na
	na

	
	PC3
	(A) R16 1LO
	na
	na
	 2LO/DC (A) applies

	
	PC2
	(B) R17 1LO
	 (6) could apply
	na
	2LO/DC (B) applies

	2CC cont
+MIMO
	PC3
	na
	na
	na
	1LO+MIMO (A) applies

	
	PC2
	na
	(3) R17 1LO+MIMO
	(4) open R17
	(4) 1LO+MIMO (B) applies

	2CC 
NC
	PC3
	R17 1LO ≤200MHz
	na
	na
	R16 2LO

	
	PC2
	(5) R17 1LO ≤200MHz
	(4,5) R17 2LO



Observations:
1. UL MIMO is specified for NRU bands n46 and n96 (and most probably n102) but does not have an MPR requirement. It is assumed that as for NR PC3, 1TX PC5 MPR can be used for PC5 UL MIMO with 2x1 (2x20dBm) PA architecture.
2. Actual MPR requirement for 1+1/2 architecture is not finalized for both 1CC and 2CC UL MIMO
3. PC2 non-contiguous ULCA, additional support for UL MIMO is not defined, but for 2x1 (2x26dBm) PA architecture which covers all possible channel configurations, it could reuse 1Tx PC2 1LO contiguous ULCA MPR in 2Tx mode for the same bandwidth class condition than other 1LO solutions, but has no MPR. PC1.5 does not necessarily apply for 1CC fall-back as the UE power management may not be dimensioned for 29dBm total power, thus PC2 2Tx 1CC MPR for 2x1 architecture may be needed.
4. There are cases where both 1+1/2 and 2x1 architecture exists for the same feature and power class and 
5. For ULCA cases it is needed to distinguish 1LO and 2LO cases
6. For Contiguous ULCA, the same requirement may be used for both 2LO no MIMO and 1LO with MIMO cases.

Proposals on MPR requirements:
· NRU UL MIMO MPR references 1TX PC5 NRU MPR a (assumes 2x20dBm PA and no TxD)
· PC2 2Tx MPR for 1+1/2 is introduced only for 1CC and 2CC UL MIMO reusing existing MPR tables
· PC2 2CC contiguous ULCA+MIMO MPR for 2x1/2 (TxD signalled) is reused for same non-MIMO ULCA case
· If NC ULCA+MIMO is specified, 2TX PC2 MPR for 2x1 architecture is introduced based on PC1.5 MPR table by using Max (0, PC1.5 smartphone MPR -3dB).
Remaining issues with one CC TxD and MIMO
Currently, the specification does not implement draft CR [10], and this draft CR still has some issues:
· It does not include the 2Tx PC2 MPR changes in [9]
· It does not properly capture agreements in [1] and GTW that only 2x1/2 UEs shall report TxD (for PC1.5, TxD is implicit), and that 2TX MPR applies in both 2Tx and 1TX transmissions when TxD is signaled.
· Also it does not clarify that PC2 UEs not signalling TxD nor PC1.5 and signalling ULFPTx shall use MPR in Table 6.2.2-2 in 1Tx transmissions.
· Additional 2Tx cases needs to be added for PC2 2x1 and 1+1/2 (no TxD) architectures: 1+1/2 (26+23) architecture should be the baseline for UL MIMO, and is needed as 1CC fall-back if introduced for contiguous ULCA+MIMO
· It does not include the edge, inner, outer allocations description and especially the fact that edge allocation are up to 4RB for PC1.5.

Given the above information and the proposal for differentiating 2x1 and 1+1/2 architectures described in [11], and taking into account on our measurement-based contributions from last meeting on 2x1 (26+26) and 1+1/2 (26+23) MPR, we formulate the following proposal.

Proposals for 1CC UL MIMO and TxD sections:
· Section D UL MIMO:
· 2Tx PC2 MPR table should use the table provided in R4-2119971
· Text in the section should point at 1Tx section for description of inner, outer and edge allocations with an extension to 4RB for edge allocations for PC1.5 (PC1.5 edge allocation specifics should be removed from 1Tx section)
· The section should point at Table 6.2.2-2 for 1Tx transmissions for PC2 UEs not declaring TxD and declaring ULFPTx
· For PC2 UEs not declaring TxD nor declaring modifiedMPR-Behaviour (1+1/2 26+23 case): Table 6.2.2-2 applies in both 1Tx and 2Tx operation
· Declaring modifiedMPR-Behaviour is reserved for PC2 2x1 architecture (26+26dBm) cases if introduced.
· Section G TxD should point at PC2 and PC1.5 2Tx tables in section D that are applicable to TxD (2x1/2 cases) for both 2Tx and 1Tx transmissions.
Conclusions
In this contribution, we examine all the cases wherein two PAs are used simultaneously with three potential implementations and analyses the current status in terms of SRS antenna switching, MPR and related signaling. This enabled us to develop a number of proposals on different topics and features.

First we propose restrictions on the combined features that can be declared for different implementations of two transmit paths that enable a simplified approach to Pmax for SRS antenna switching.

Proposals on transmit path architecture options simplification for R17:
· TxD is signalled only for 2x1/2 architecture and is implicit for PC1.5, and thus use 2Tx MPR in all modes and is granted 3dB power relaxation for SRS antenna switching
· When TxD is not signalled, 1Tx MPR is used for single antenna transmissions and no power relaxation is granted for SRS antenna switching.
· As a consequence, 2T2R is not supported for 1+1/2 architecture
· It would be logical that a 2x1 architecture implements 2T2R, but 1T2R is not precluded

Then we look at the current status of MPR requirements and address missing cases and needed clarifications.

Proposals on MPR requirements:
· NRU UL MIMO MPR references 1TX PC5 NRU MPR a (assumes 2x20dBm PA and no TxD)
· PC2 2Tx MPR for 1+1/2 is introduced only for 1CC and 2CC UL MIMO reusing existing MPR tables
· PC2 2CC contiguous ULCA+MIMO MPR for 2x1/2 (TxD signalled) is reused for same non-MIMO ULCA case
· If NC ULCA+MIMO is specified, 2TX PC2 MPR for 2x1 architecture is introduced based on PC1.5 MPR table by using Max (0, PC1.5 smartphone MPR -3dB)

Finally, we provide inputs to the 1CC 2Tx cases.

Proposals for 1CC UL MIMO and TxD sections:
· Section D UL MIMO:
· 2Tx PC2 MPR table should use the table provided in R4-2119971
· Text in the section should point at 1Tx section for description of inner, outer and edge allocations with an extension to 4RB for edge allocations for PC1.5 (PC1.5 edge allocation specifics should be removed from 1Tx section)
· The section should point at Table 6.2.2-2 for 1Tx transmissions for PC2 UEs not declaring TxD and declaring ULFPTx
· For PC2 UEs not declaring TxD nor declaring modifiedMPR-Behaviour (1+1/2 26+23 case): Table 6.2.2-2 applies in both 1Tx and 2Tx operation
· Declaring modifiedMPR-Behaviour is reserved for PC2 2x1 architecture (26+26dBm) cases if introduced.
· Section G TxD should point at PC2 and PC1.5 2Tx tables in section D that are applicable to TxD (2x1/2 cases) for both 2Tx and 1Tx transmissions.
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