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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Rel-15 NR supports 2Tx and 4Tx UL MIMO, where 4Tx is targeting CPE/FWA type of devices. Furthermore, 8Tx in UL was specified in Rel-18 which is certainly not for a handheld device, and 3Tx is being specified in Rel-19 which is in our view targeting CPE/FWA type of devices. In this document we focus on 2Tx UL transmission which is most relevant to smartphones. There are two transmission schemes specified for PUSCH where codebook-based transmission scheme for 2Tx is implemented with non-coherent codebook subset only. 

Discussion
To proliferate UL MIMO implementation in real deployment, there should be strong motivation for device vendors to put more components in the device, which definitely increases cost and complexity. Let’s take an example of 2Tx UL MIMO transmission with non-coherent codebook, where there are 2 rank=1 precoders and 1 rank=2 precoder in the subset. In the non-coherent codebook subset, the rank=1 precoders are antenna selection precoders, i.e., [1  0] and [0  1], which means only 1 antenna will be used for PUSCH transmission when gNB schedules with rank=1. Let’s assume the probability of rank=2 scheduling is 50% for a given UE, it means 50% percent of the time only 1 antenna is used although the UE has 2 transmit antennas. It could be argued that there is antenna selection gain for rank=1 transmission, however the gain is usually few percentage points which is not convincing to put double number of components in the device. Furthermore, rank=2 scheduling happens in high SNR/low mobility scenario where the wireless propagation is in better condition, increased throughput by 10~20% (according to above assumption only happens 50% of the time) is not attractive for investment on additional components on the device. In this sense, from user experience point of view, robust transmission in lower SNR region or highspeed scenario is more important than few percentages point increase in throughput in high SNR region. If the performance can be improved in lower SNR region/highspeed scenario along with higher rank transmission in favorable channel condition with multi antenna transmission the device vendors will be motivated to implement UL MIMO widely.
In appendix below, we provide system simulations for open loop precoder cycling in UL for 2Tx UE, we observe significant SE gain at 5 percentile performance in both UMa and UMi with UE speed of 30/60/120 Km/hr compared to closed loop precoder indication with Rel-15 non-coherent codebook and Rel-16 non-coherent codebook with full power mode 0. Furthermore, the performance gain is not sensitive to SRS periodicity, which means less overall RS overhead and potential energy efficiency improvement at UE and gNB with less frequent transmission and processing of SRS.
Small delay CDD could be another potential technique to improve reliability for single layer transmission in UL. However, there are some limitation with this technology, for example, to support dynamic rank adaptation single-port SRS and multi-port SRS shall be configured, which leads to additional overhead. Furthermore, how to support CDD in the case of 4Tx in UL is not clear. 

Conclusions
[bookmark: _GoBack]In the real network, robust UL transmission is more important than higher peak throughput from user experience perspective. Open loop precoder cycling on PUSCH provides significant 5 percentile SE performance gain. Additional SRS overhead incurs with small delay CDD to support dynamic rank adaptation and not suitable for the number of Tx antennas larger than 2.

Appendix
Simulations assumptions
· UL: 2Tx non-coherent UE
· Open loop precoder cycling for Rank=1 transmission using 4 full-coherent precoders
· Baseline 0: Rel-15 non-coherent codebook
· Baseline 1: Rel-16 non-coherent codebook, full power mode 0

	Parameter
	Value

	Frequency Range
	3GHz

	Antenna setup and port layouts at gNB
	 (2,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2TX: (1,1,2,1,1,1,2), (dH, dV) = (0.5, 0.5)λ 

	Receiver noise figure
	5dB

	Modulation
	Up to 64QAM

	Numerology
	14 OFDM symbol slot

	
	SCS 15KHz, 50 PRB

	MIMO scheme
	SU-MIMO, rank=1

	SRS
	2-port SRS, 10 and 80ms periodicity

	PRG size
	2 PRBs

	UE speed
	30/60/120 Km/h




Simulation results
Precoder cycling gain against baseline 0
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Precoder cycling gain against baseline 1
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