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Introduction
[bookmark: _GoBack]The WI of on Further RF requirements enhancement for NR and EN-DC in FR1 has been agreed and the latest version is in [1]. The objective of 4Tx RF part is as following:
[bookmark: OLE_LINK19]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices [RAN4]
· Investigate framework and architecture Example bands:
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note 1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
·   Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
· UE power class
· First priority: PC 1.5
· Second priority: PC2/PC3, and/or new power class if needed
· Note 1: PC1.5 is only applicable for TDD bands
· Note: detailed combinations for 2nd priority PA/UE power class assumptions are to be revisited in RAN#97
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
· NOTE2: It is assumed the devices are equipped with 4Rx antennas for band n1 requirement definition.

In this paper, a general analysis is provided on the requirements impact.
Discussion
Background
The feature of multiple Tx has been gradually introduced into spec in different releases, and a brief history is as following:
Rel-15:
UL-MIMO feature has been introduced for closed loop spatial multiplexing scheme. The basic structure of RF requirements were set up. 
However, in this early stage, many requirements consideration was reused from LTE, during which UL-MIMO has not been commercialized. The original requirements were later proved to be have many problems and the maintenance work has lasted for more than two releases. E.g. the emission requirements were revised during Rel-17 to revise from per-connector to per-UE to better adapt regulatory requirements; the MPR requirements have been re-evaluated later; 
Rel-16:
The uplink full power transmission (ULFPTx) feature has been introduced. It is a supplementation of UL-MIMO, and various configurations were added in Table 6.2D.1-3.
In addition, transparent TxD has been discussed for a while, but have little progress. There are maintenance work for UL-MIMO such as the emission requirements.
Rel-17:
TxD is officially a WI, and a TR 38.837 [2] has been formulated. The 2Tx MPR requirements were revisited and start its applicability from Rel-15 for UL-MIMO. There are also other maintenance work such as EVM/IBE that lasted for a long time.
Observation 1: The 2Tx requirements have been developed throughout Rel-15/16/17.

For Rel-18, 4Tx has been introduced in this WI.
Proposal 1: Considering 4Tx is a further extension to 2Tx, the analysis can be based on existing 2Tx requirements.

Requirements analysis
General
In order to have a comprehensive understanding, a complete summary of what and how requirements were defined for 2Tx cases which include UL-MIMO and TxD was provided below:
Table 1. Tx Characteristics for 2Tx (UL-MIMO and TxD) 
	Tx characteristics
	UL-MIMO 
	TxD

	UE maximum output power
	6.2D.1
Per-UE (Sum of each Tx)
	6.2G.1
Per-UE (Sum of each Tx)
Refer to 1Tx

	UE maximum output power reduction
	6.2D.2
Per-UE
Newly defined for 2Tx
	6.2G.2
Per-UE
Refer to 1Tx (PC3) and UL-MIMO (PC2 & PC1.5)

	UE addition maximum output power reduction
	6.2D.3
Per-UE
Mainly refer to 1Tx
	6.2G.3
Per-UE
Refer to 1Tx

	Configured transmitted power
	6.2D.4
Per-UE, per CC
Concept refer to 1Tx + MPR for 2Tx
	6.2G.4
Per-UE, per CC
Concept refer to 1Tx + MPR for 2Tx + New tolerance

	Minimum output power 
	6.3D.1
Per-UE
Refer to 1Tx
	6.3G.1
Per-UE
Refer to 1Tx

	Transmit OFF power
	6.3D.2
Per connector
Refer to 1Tx
	6.3G.2
Per connector
Refer to 1Tx

	Transmit ON/OFF time mask
	6.3D.3
Per connector
Refer to 1Tx
	6.3G.3
Per connector
Refer to 1Tx

	Power control 
	6.3D.4
Per-UE
Tolerance refer to 1Tx
	6.3G.4
Per-UE
Tolerance refer to 1Tx

	Frequency error
	6.4D.1
Per connector
Refer to 1Tx
	6.4G.1
Per connector
Refer to 1Tx

	Transmit modulation quality (EVM, Carrier leakage, IBE and EVM spectrum flatness)
	6.4D.2
EVM / spectrum flatness:  per layer; 
Carrier leakage / IBE: per connector
	6.4G.2
Spectrum flatness: Composite of 2Tx
Others: [per connector]
Note: discussion pending

	Time alignment error 
	6.4D.3
Difference between 2Tx
	N/A

	Requirements for coherent
	6.4D.4
Difference between 2Tx
	N/A

	Occupied bandwidth 
	6.5D.1
Per-UE
Same to 1Tx
	6.5G.1
Per-UE
Same to 1Tx

	Out of band emission
	6.5D.2
Per-UE
Refer to 1Tx
	6.5G.2
Per-UE 
Refer to 1Tx

	Spurious emission 
	6.5D.3
Per-UE
Refer to 1Tx
	6.5G.3
Per-UE
Refer to 1Tx

	Transmit intermodulation
	6.5D.4
Per connector
Refer to 1Tx
	6.5G.4
Per connector
Refer to 1Tx



Admittedly, there are some specific requirements for different configurations, particular for UL-MIMO. However, in most cases, the requirements are directly reuse single Tx requirements, either per-UE or per-connector, for both UL-MIMO and TxD.  
Observation 2: For most Tx requirements, 2Tx requirements directly re-use 1Tx UE requirements, either per-UE or per-connector, without much analysis.
This is also easy to be understand, since many requirements are based either on regulation, interference, implementation etc. The requirements are developed depending on different but often similar condition or implementation. This can be the basis to be extended to 4Tx. E.g. per-UE requirements and not only applied to 2Tx case but also 4Tx case, and same per connector requirements can be applied no matter 2Tx or 4Tx.
Proposal 2: Most of the 4Tx requirements can be developed by simple extension from 2Tx requirements.
Still there exist some special requirements that need to specifically defined, E.g. MPR

MPR
A lot of work has been done to develop the MPR requirements for Rel-16/17 for 2Tx UL-MIMO/TxD, and some history can reference to TR 38.837 [2]. This might be the most complicated and involve most work load among Tx requirements for 2Tx. Based on this, it is proposed that a specific framework is needed for 4Tx MPR development. This would be useful both for UL-MIMO and TxD.
Observation 3: A lot of work has been done for 2Tx to develop MPR requirements.
Proposal 3: A framework is needed for MPR study for 4Tx.

UL-MIMO configuration
There is already UL-MIMO and UL Full power transmission related configurations that is related to UL 4*4 MIMO in RAN1/2 while RAN4 still not consider them. This part is also needing some study. Considering 4*4 MIMO is the phase 1 work, this is needed soon.
Proposal 3: UL-MIMO configurations for 4*4 UL-MIMO need to be studied.

Others
There has been long discussion of EVM/IBE for UL-MIMO/TxD and even now not completely closed. It is expected that some more analysis may be needed for 4Tx.
Proposal 4: EVM/IBE may also need some more analysis.

Conclusion
In this paper, a general analysis is provided on the requirements impact, and a number of observations and proposals are provided.
Observation 1: The 2Tx requirements have been developed throughout Rel-15/16/17.
Observation 2: For most Tx requirements, 2Tx requirements directly re-use 1Tx UE requirements, either per-UE or per-connector, without much analysis.
Observation 3: A lot of work has been done for 2Tx to develop MPR requirements.

Proposal 1: Considering 4Tx is a further extension to 2Tx, the analysis can be based on existing 2Tx requirements.
Proposal 2: Most of the 4Tx requirements can be developed by simple extension from 2Tx requirements.
Proposal 3: A framework is needed for MPR study for 4Tx.
Proposal 4: EVM/IBE may also need some more analysis.
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