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Introduction
In RAN4#94-Bis e-meeting, two Way Forwards [1, 2] addresses a long standing issue in RAN4 requirements and associated tests and signaling for the multiple implementations options using 2 transmit chain. To ensure the same type of issue doesn’t arise again this contribution looks into all the different intra-band 2Tx cases in Release 16 for examination.
Discussion
Disclaimer: This paper is trying to list all the Release 15 and 16 two intra-band transmit chain cases and their implementation options. It may not always capture all the case and the signaling and requirement status accurately, but the idea is to understand if there are missing aspects in the specification, test or signaling. 
Release 15 two Intra-band Transmit Cases
In release 15, the use of two intra-band transmit chains in has been confined to UEs supporting UL MIMO or intra-band TDD ENDC, Table 1 tries to collect all the cases that have been discussed in release 15.
Table 1: list of two intra-band transmit cases for Release 15
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class 
+ UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class 
+ UL MIMO

	TDD PC2 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX 
+ LTE/NR/ENDC power class

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD  intra band ENDC
	1xPA
	applied MPR in 1TX case, SUO may apply in some cases
	no MPR in spec for single PA
	LTE/NR/ENDC power class

	FDD PC3 intra band ENDC
	2x23dBm PA or 1x23dBm PA
	
	
	2TX or SUO(1TX) 
+ LTE/NR/ENDC power class

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	no MPR in spec for single PA
	SUO(1TX) in some cases


 
Observation:
· Most of issues that are tackled in [1] relate to Tx Diversity support and MPR for different PC2 UL MIMO implementations
· Intra-band ENDC support in release 15 is focused to very specific cases and 1TX case is not well supported.
Release 16 two Intra-band Transmit Cases
In release 16, the use of two intra-band transmit chains is spreading to multiple cases and affect almost all new Release 16 UL features and Table 2 tries to collect those together with potential need for new requirements and new signaling.
Table 2: list of two intra-band transmit cases for Release 16
	Driving Feature
	Implementation
	Mode Potentially affected
	Requirement status
	Signaling

	PC2 UL MIMO
	2x23dBm PA
	one layer operation using TX Diversity
	MPR in UL MIMO and one layer mode TBD
	2TX signaling for single port mode?

	PC2 UL MIMO
	2x26dBm PA
	none
	One layer PC2 MPR can apply to all modes
	SA Power class + UL MIMO

	PC2 UL MIMO
	26dBm PA + 23dBm PA
	none
	MPR in UL MIMO mode TBD
	SA Power class + UL MIMO

	TDD PC3 intra band ENDC
	2x23dBm PA
	UL MIMO support in ENDC mode
	No UL MIMO in ENDC mode
MPR and AMPR cover all cases
	2TX + LTE/NR/ENDC power class + modified MPR bit

	TDD PC2 intra band ENDC
	2x23dBm PA
	
	
	

	TDD PC2 intra band ENDC
	2x26dBm PA
	
	
	

	TDD 29dBm intra band ENDC
	2x26dBm PA
	
	
	

	intra band ENDC
	1 PA case
	ENDC mode not evaluated, SUO may apply in some cases
	reuse of NR UL CA at least for contiguous case?
	SUO(1TX) in some cases

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	2TX cases uses 1TX MPR (large margin)
UL MIMO cannot be supported simultaneously
	MPR for 1TX case
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?

	PC3 intra band contiguous NR UL CA
	1x23dBm
2x23dBm
	UL MIMO cannot be supported simultaneously if 2TX
1TX fallback option for some BW
	MPR for 2TX case
FFS for 1TX
	2TX when applicable implies no MIMO
4TX? For UL CA + UL MIMO?
1TX/2TX vs BW class?

	PC3 NRU
	2x20dBm PA
	Tx Diversity requirement
	PC3 ACLR not agreed
	2TX w/wo UL MIMO

	NR V2X
	2xPA
	Tx Diversity mode
	?
	?



Observations:
· NR-V2X data is missing due to lack of time to recover it
· There are cases with 3 different power classes (P2, PC3, 29dBm) and 3 PA capabilities (20, 23 and 26dBm)
· There is potentially one case with 4TX: non-contiguous intra-band UL CA with simultaneous UL MIMO
· Many cases rely on well-defined Tx Diversity requirement and test.
· Even in release 16 some default 1TX cases may not have quantified requirements for EN DC or UL CA
· Some of these cases may have to rely on SUO.

We encourage companies to look at Table 2, complete and amend it as needed to ensure that we identify required capability signaling and requirement gaps for release 16.
Conclusions
In this contribution, we tried to collect as many intra-band 2TX cases as possible for Release 15 and 16 and we make the following suggestion:

We encourage companies to look at Table 2, complete and amend it as needed to ensure that we identify possible capability signaling and requirement gaps for release 16.
References
[1] R4-2005216, WF on Power Class related UL MIMO and other requirements, Vivo, RAN4#94Bis-e
[2] R4-2005652, WF on Uplink Full Power Transmission, Samsung, RAN4#94Bis-e
[bookmark: _GoBack]
3GPP
