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Introduction
During RAN#116bis, agreements about 3Tx codebook-based uplink transmissions were reached on several topics, and the following proposal about UE capability was discussed [1].
	Proposal 3.3
To support UL transmission by a 3TX UE, extend the existing UE capability of MIMO-LayersUL and maxNumberSRS-Ports-PerResource to include three-layers and 3-port SRS respectively.

MIMO-LayersUL ::= ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}
SRS-Resources ::= SEQUENCE { 
    ...
    maxNumberSRS-Ports-PerResource              ENUMERATED {n1, n2, n3, n4}


In this contribution, we first provide our views on UE capability related to proposal above, then the potential functionality is also discussed.
Discussion
UE capability aspects
To achieve UL throughput gain of 3Tx, the UE capability of MIMO-LayersUL needs to be extended for three-layers.
[bookmark: _Ref165902838]Proposal 1: For codebook based 3Tx, the UE capability of MIMO-LayersUL needs to be extended for three-layers.

For codebook-based PUSCH transmission, gNB needs to measure and estimate the UL channel response, thus the UE should indicate the gNB that the UE supports 3-port SRS transmission. There are 2 alternatives: alt 1 is to add value n3 for field maxNumberSRS-Ports-PerResource, while alt 2 is to add a basic feature for codebook based 3TX PUSCH with applying value n4 for field maxNumberSRS-Ports-PerResource.
In principle, alt 2 requires more specification effort compared to alt 1:
1) The new field about the new basic feature needs to be defined, and the overhead of signaling UE-NR-Capability needs to be increased, while alt 1 doesn’t increase any signaling overhead;
2) The scaling factor about SRS antenna ports needs adaptation for SRS resource mapping and PUSCH power scaling, while these specification efforts are unnecessary for alt 1.
Comparing with alt 2, alt 1 is more straightforward and causes much less specification impact.
[bookmark: _Ref162874190][bookmark: OLE_LINK4]Observation 1: Adding value n3 for field maxNumberSRS-Ports-PerResource doesn’t need to increase signaling overhead and has much less specification impact than other method.
[bookmark: _Ref162874229][bookmark: _Ref165902848]Proposal 2: For codebook based 3Tx, the UE capability of maxNumberSRS-Ports-PerResource needs to be extended for 3-port SRS.
Others
Regarding other potential functionality for 3Tx, precoder cycling can be considered to improve the UL throughput performance.
We have studied the performance of precoder cycling for 2Tx UE with system simulations, and we expect similar or better performance gain for 3Tx UE. The simulation assumptions are listed below.
Table 1 System level simulation assumptions
	Parameter
	Value

	Frequency range
	3 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 15 KHz  

	Scenario
	UMa, UMi

	Channel model
	38.901

	System bandwidth
	10 MHz

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	(2,8,2,1,1,2,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

	Modulation
	Up to 64QAM  

	MIMO scheme
	SU-MIMO with max rank=1.

	UE speed
	30/60/120 Km/h

	UE TX antenna configuration
	(1,1,2,1,1,1,2) with (𝑑H, 𝑑V) = (0.5, 0.5)𝜆


	UE receiver noise figure
	5 dB

	Precoder granularity
	2 PRBs 

	SRS periodicity
	10/80 ms

	Baseline 0
	Rel-15 non-coherent codebook


	Baseline 1
	Rel-16 non-coherent codebook, full power mode 0.




Below are the simulation results, and Figure 1 and Figure 2 are the precoder cycling gain against baseline 0 and baseline 1 respectively. In the simulation, random phase offset is introduced between 2 Tx antennas for each PUSCH transmission to mimic non-coherency at the UE.
[image: ]
[bookmark: _Ref165900239]Figure 1 Precoder cycling gain against baseline 0 (Rel-15 non-coherent codebook)
[image: ]
[bookmark: _Ref165900248]Figure 2 Precoder cycling gain against baseline 1 (Rel-16 non-coherent codebook, full power mode 0)

From the simulation results, we have the following observations:
[bookmark: _Ref165902804]Observation 2: Comparing with baseline 0 (Rel-15 non-coherent codebook), precoder cycling has 16%~20% performance gain for cell edge 5% percentile spectrum efficiency for both UMa scenario and UMi scenario, and 7%~9% performance gain for cell average spectrum efficiency for UMi scenario.
[bookmark: _Ref165902809]Observation 3: Comparing with baseline 1 (Rel-16 non-coherent codebook, full power mode 0), precoder cycling has 8%~12% performance gain for cell edge 5% percentile spectrum efficiency for UMi scenario, and 1%~4% performance gain for cell average spectrum efficiency for both UMa scenario and UMi scenario.
[bookmark: _Ref165902814]Observation 4: The performance gain of precoder cycling is insensitive to the SRS periodicity, and the SRS can be configured with higher periodicity to save system overhead when precoder cycling is applied.

To support frequency domain precoder cycling in UL, UL PRG needs to defined. For UL PRG definition, the DL PRG definition in current spec can be baseline. And, based on the observations above, we have the following proposal.
[bookmark: _Ref165902855]Proposal 3: Support to define UL PRG, the DL PRG definition can be taken as baseline.
Conclusion
As a summary, we have the following observation:
Observation 1: Adding value n3 for field maxNumberSRS-Ports-PerResource doesn’t need to increase signaling overhead and has much less specification impact than other method.

Observation 2: Comparing with baseline 0 (Rel-15 non-coherent codebook), precoder cycling has 16%~20% performance gain for cell edge 5% percentile spectrum efficiency for both UMa scenario and UMi scenario, and 7%~9% performance gain for cell average spectrum efficiency for UMi scenario.

Observation 3: Comparing with baseline 1 (Rel-16 non-coherent codebook, full power mode 0), precoder cycling has 8%~12% performance gain for cell edge 5% percentile spectrum efficiency for UMi scenario, and 1%~4% performance gain for cell average spectrum efficiency for both UMa scenario and UMi scenario.

Observation 4: The performance gain of precoder cycling is insensitive to the SRS periodicity, and the SRS can be configured with higher periodicity to save system overhead when precoder cycling is applied.

We have the following proposals:
Proposal 1: For codebook based 3Tx, the UE capability of MIMO-LayersUL needs to be extended for three-layers.

Proposal 2: For codebook based 3Tx, the UE capability of maxNumberSRS-Ports-PerResource needs to be extended for 3-port SRS.

Proposal 3: Support to define UL PRG, the DL PRG definition can be taken as baseline.
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