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1 Introduction

In the previous RAN4 meetings FR1 UE Tx and Rx antenna port number and MIMO layers assumptions were discussed. In particular, it was agreed to define both 2RX and 4RX requirements for sub-6GHz NR UEs and for certain frequency bands Rel-15 UEs were mandated to implement 4RX antenna ports per RAN decision in [1]. All discussions so far were focused on FR1 and FR2 assumptions are not decided. In this paper we share our views on the number antenna ports and MIMO layers for the Rel-15 FR2 UE requirements.
2 Discussion
2.1 On number of MIMO layers, antenna elements and antenna ports

The number of UE Tx/Rx antenna ports typically represents the number of available Tx/Rx RF chains supported by the UE. However, there is some difference in the antenna port mapping to antenna elements for FR1 and FR2 UEs.
Similar to LTE for NR FR1 UE implementations the number of supported antennas is typically driven by the device cost and physical size constraints. For example, typical LTE smartphone may have 2 antennas for low bands and 4 for high bands. For wearable and IOT type of devices a single antenna could be supported (e.g. LTE Cat1bis). Furthermore, for DL operation it is usually assumed that UE has a dedicated RX RF chain for each antenna and number of RX antenna ports represents the actual number of physical antennas. For UL, due to cost and power efficiency constraints, the number of TX ports could be smaller than the number of antennas. 
In FR2 the antenna design assumptions are different. In particular, mmWave UEs support multiple Tx/Rx antenna array panels. Each panel includes an antenna array with multiple elements. Antenna panels are tightly integrated with RF front-end and analog beamforming is applied directly in the antenna panels. Therefore, the number of RF chains (antenna ports) per each antenna panel is smaller than the eventual number of antenna array elements in the panel.
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Observation #1: For FR1 the number of Rx ports is equal to the number of antenna elements and the number of Tx ports is equal or smaller than the number of antenna elements. For FR2, analog beamforming is used and the number of Tx/Rx ports is smaller than the number of antenna elements.
The number of UL/DL MIMO layers supported by the UE is usually upper bounded by the number of Tx/Rx antennas ports. For most cases it may be assumed that the maximum number of MIMO layers is aligned with the number of Tx/Rx antenna ports. For example UEs with 4RX antenna ports typically support 4 DL MIMO layers. However, due to implementation constraints there could be UEs supporting 4 RX antenna ports with 2 MIMO layers or 8RX antennas with 4 MIMO layers. From the network perspective, the number of Tx/Rx port at the UE side is transparent and usually ept up to UE declaration. However, the information on the maximum number of MIMO layers is required at the gNB/eNB side for the scheduling purposes. Hence, for LTE and NR it is assumed that UE needs to report the maximum number of MIMO layers rather than the number of antenna port.
Observation #2: Number of UL/DL MIMO layers supported by the UE is upper bounded by the number of Tx/Rx antenna ports. Information on the number of Tx/Rx antenna ports is not needed at the NW side. UE reports the maximum number of supported MIMO layers.
2.2 Number of MIMO layers and antenna ports for FR2
The number of MIMO layers and antenna ports for FR2 is still undecided and should be further discussed on RAN4. The selection of the respective parameters has impact on the system characteristics as well as UE implementations complexity and should be carefully analysed. Due to highly directive mmWave antenna arrays beamforming it is likely that the spatial channels will be LOS-like and will be limited by rank 2. The probability of MIMO rank 3+ is expected to be considerably smaller than for FR1. Hence, either 1 or 2 MIMO layers can be considered and it may be assumed that the number of MIMO layers is aligned with number of ports.

Observation #3: Number of MIMO layers for FR2 UEs is FFS. Either 1 or 2 MIMO layers can be considered. For FR2 it may be assumed that number of MIMO layers is aligned with number of ports
UE implementation impact
Number of supported MIMO layers has impact on the number of required RF/BB chains) and has overall impact on the UE implementation cost, power consumption. In addition, support of multiple connecting cables a well as RF chains may be problematic for certain device form factors. Taking into account that typical UEs will support multiple antenna panels, the overall number of chains could be become an important factor. Use of a single chain for either TX or RX may provide noticeable effects in terms implementation simplification. 
Observation #4: Number of MIMO layers (Tx/Rx chains) has impact on UE cost and power consumption and using 1 MIMO layer architectures may give substantial benefits in terms of UE implementation cost / power consumption.
Performance impact
In general case, DL coverage and demodulation performance depend on the number of antenna elements used for signal reception. As described above, for NR FR1, the number of DL MIMO layers and antenna ports is tightly coupled with the number of physical antennas. The reduction of the number of ports is equivalent to the antenna number reduction and leads to coverage loss. For FR2, RX analog beamforming is used and depending on UE implementation the number of antenna elements may remain unchanged for the case of 1 MIMO layer case. Under such assumption the main difference between 1 and 2 MIMO layer (Rx ports) cases would be whether the RX signal combining is done in baseband (digital combining, e.g. MMSE) or in the RFIC (analog domain, e.g. phase shifting). Typical mmWave implementations may have accurate tuning of the analog Tx/Rx beams and, hence, the difference in the performance of is very limited (see figure below).
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For UL similarly the coverage depends on the number of used antenna elements and depending on the UE implementation the coverage may not be affected by the reduction of the number of supported MIMO layers. 

Observation #5: Depending on the UE implementation the number of MIMO layers (Tx/Rx ports) may have no impact on coverage and demodulation performance.
The number of MIMO layers may have impact on the peak UE throughput. At the same time, mmWave bands are characterized by extremely high CBW and not all UEs might be able to support 2 MIMO layer communications for the maximum aggregated channel bandwidth due to baseband processing constraints. Usually for BB there is no fundamental difference in achieving peak throughput via supporting larger number of layers or supporting of a larger aggregated CBW. Hence, in case of high aggregated CBW using 2 MIMO layers may not give substantial peak throughput improvement depending on UE implementation. For example, UE might support either “X = 200 MHz x 2 layers” or “2X = 400 MHz x 1 layer”, which would result in approximately same peak throughput. In case the actual CBW is limited by 200MHz, the peak throughput achievable by 1 MIMO layer UE would be smaller than the peak throughput achievable by 2 MIMO layer UE. Meantime for the case of 400MHz available CBW, the achievable peak throughput would be identical for both 1 and 2 MIMO layers UEs.
Observation #6: Depending on UE capabilities and available CBW the maximum number of supported MIMO layers may or may not have impact on the achievable peak throughput.
mmWave device types

mmWave UE implementations are expected to be used in different device types including handheld, fixed wireless access, and transportable wireless access devices. Different device types will have different requirements in terms of cost, integration complexity, throughput, and power consumption. For example, handheld devices may have more strict requirements in terms of power consumption and integration cost comparing to FWA devices. Meantime, for FWA devices it is important to ensure support of high peak data rates. 
Observation #7: NR FR2 UEs may be used in different device types including handheld, fixed wireless access, and transportable wireless access devices. Different device types will have different requirements in terms of cost, integration complexity, throughput, and power consumption
In order to allow different device types to benefit from using NR FR2 it is recommended to introduce sufficient flexibility from the Rel-15. In particular, to allow sufficient flexibility we propose that both 1 and 2 Tx/Rx port and MIMO layer implementations are allowed in the Rel-15 scope. From the NW perspective information on the number of TX/RX antenna ports is not needed at the gNB side. Hence, the number of TX/RX antenna ports could be left up to UE declaration, while UE will report the maximum number of MIMO layers based on its capabilities. So, from the specification perspective the capabilities signalling shall allow “1” MIMO layer indication for both DL and UL.
3 Conclusion

In this paper we share our considerations on the number of MIMO layers for the Rel-15 FR2 requirements definition. In summary we make the following observations and proposals:
Observation #1: For FR1 the number of Rx ports is equal to the number of antenna elements and the number of Tx ports is equal or smaller than the number of antenna elements. For FR2, analog beamforming is used and the number of Tx/Rx ports is smaller than the number of antenna elements.
Observation #2: Number of UL/DL MIMO layers supported by the UE is upper bounded by the number of Tx/Rx antenna ports. Information on the number of Tx/Rx antenna ports is not needed at the NW side. UE reports the maximum number of supported MIMO layers.
Observation #3: Number of MIMO layers for FR2 UEs is FFS. Either 1 or 2 MIMO layers can be considered. For FR2 it may be assumed that number of MIMO layers is aligned with number of ports
Observation #4: Number of MIMO layers (Tx/Rx chains) has impact on UE cost and power consumption and using 1 MIMO layer architectures may give substantial benefits in terms of UE implementation cost / power consumption.
Observation #5: Depending on the UE implementation the number of MIMO layers (Tx/Rx ports) may have no impact on coverage and demodulation performance.
Observation #6: Depending on UE capabilities and available CBW the maximum number of supported MIMO layers may or may not have impact on the achievable peak throughput.
Observation #7: NR FR2 UEs may be used in different device types including handheld, fixed wireless access, and transportable wireless access devices. Different device types will have different requirements in terms of cost, integration complexity, throughput, and power consumption.
Proposal #1:
FR2 UE implementations with both 1 and 2 DL/UL MIMO layers support are allowed in the Rel-15 scope. UEs with 1 MIMO layer may have single TX/RX antenna port.
Proposal #2:
UE capabilities signalling shall allow “1” MIMO layer indication for both DL and UL for FR2 UEs.
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