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1. Introduction 

As per the guidance from RAN#93 [1], the topic of MIMO evolution for downlink and uplink was set as one of the email threads, and then the following email discussion was conducted during October 20th to 29th. In the email discussion one of the topics in MIMO evolution for uplink was the introduction of UL operation with more than 4 Tx. In this contribution, we present our views on the points that have not been settled in the e-mail discussion, and on the use cases that should be assumed in the study after the WID is approved. 

2. Discussion 

In the current NR, the achievable data rate of UL is inferior to that of DL, and there is a growing demand for enhancement of UL’s achievable data rate to support various use cases. In addition, especially in FR1, allocated frequency bands are limited, so the radio spectrum is highly congested. Also, it is difficult to allocate new bands in FR1. Therefore, further enhancement of the spectrum efficiency is required. Hence, UL operation with more than 4 Tx should be supported. 

2.1 Maximum number of UL layers

In the e-mail discussion in RAN94e-R18Prep-01 [2], it was discussed whether the maximum number of UL layers is limited “Up to 4” or “More than 4,” but no conclusion has been reached yet. We think that if the maximum number of UL layers is limited to up to 4, the performance gain of UL will not be sufficient in >4 Tx operation. Also, increasing the number of antennas over the number of layers can be achieved regardless of the specifications. Therefore, it is better not to limit the number of layers currently, but to discuss a reasonable maximum number of layers in studies in Rel.18. 
Proposal 1: 

The maximum number of layers should not be limited to "Up to 4 layers" on the WID.
2.2 Prioritization of Use case
2-2-1. Devices

We think that the discussion should be prioritized for non-handheld devices, since it is relatively easy to mount more than 4 antennas, RF frontends, and ADCs. Also, in terms of the maximum Tx power of UEs, we should start the discussion from non-handheld devices, because it is expected to obtain higher performance gain with the transmission with large number of layers. For further improvement of the uplink capacity in current cellular networks, we would like to prioritize non-handheld devices used in cellular networks, such as CPEs and Vehicles. Therefore, we propose the following:

Proposal 2:
We would like to prioritize discussions of UL MIMO enhancements that assume the use of following devices. 
· CPE

· Vehicle

2-2-2. Frequency Range

Especially in FR1, allocated frequency bands are limited, so the radio spectrum is highly congested. Also, it is difficult to allocate new bands in FR1. So further enhancement of the spectrum efficiency is required. For FR2, there is an abundance of available spectrum compared to FR1. However, considering further growing demand for UL capacity enhancements in the future, it should also be studied for FR2 as well. 

Proposal 3:
It should be studied in both FR1 and FR2. And, we would like to start studying with FR1, then with FR2. 
2.3 Evaluation scenarios
2-3-1. Mobile speed

For performance evaluation, the mobile speed should be considered according to the devices assumed in the use case (e.g., CPE or Vehicle). In vehicles, we think it is better to study with low ~ middle speed of vehicles (e.g., ~100km/h), and discussion about high-speed trains should be continued. Hence, we propose the following:

Proposal 4:

For performance evaluation, the mobile speed is defined as low ~ middle speed of vehicles (e.g., ~100km/h).

2-3-2. Evaluation metric

For studying >4 Tx UL MIMO operation, it is very important to evaluate the capacity improvement in the entire cellular system with UL MIMO enhancements. Also, the power class should be defined according to the devices assumed in the use case (e.g., CPE or Vehicle) because it might affect the total performance gain critically for the transmission with large number of layers. Therefore, we proposed:

Proposal 5:

To evaluate the capacity improvement in the entire system, system-level simulation should be performed. Performance evaluation should be conducted using the power class defined in RAN4 (e.g., class 2 or 4) according to the device assumed in the use case.

3 Conclusion

In this document, we provide views on the use case of >4 Tx UL MIMO enhancement and evaluation scenarios, and propose the following.
Proposal 1: 

The maximum number of layers should not be limited to "Up to 4 layers" on the WID.
Proposal 2:
We would like to prioritize discussions of UL MIMO enhancements that assume the use of following devices. 

· CPE

· Vehicle

Proposal 3:

It should be studied in both FR1 and FR2. And, we would like to start studying with FR1, then with FR2.

Proposal 4:

For performance evaluation, the mobile speed is defined as low ~ middle speed of vehicles (e.g., ~100km/h).

Proposal 5:

To evaluate the capacity improvement in the entire system, system-level simulation should be performed. Performance evaluation should be conducted using the power class defined in RAN4 (e.g., class 2 or 4) according to the device assumed in the use case.
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