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1   Introduction
In this contribution, we share our views on the technique evolution for RAN4 UE RF characteristics in Rel-18, including

· FR1 UE RF evolution
· Specify RF requirements and transmission schemes for UE equipped with 4Tx on a carrier or band
· Consider power class 3, 2, and 1.5
· Specify RF requirements for simultaneous reception and transmission on 700+800+900MHz bands

· Specify requirements for downlink 8Rx reception

· FR2 UE RF evolution
· Specify requirements for uplink 256QAM on FR2 bands
· Simplify the RF requirements for band combinations independent of features
2   FR1 UE RF evolution
2.1   Specify UE equipped with 4Tx on a carrier or band
Motivation
In Rel-15, 4×4 uplink MIMO was introduced, for which the corresponding 4 ports TPMI has been specified in TS 38.211. The significant performance gain in terms of spectrum efficiency can be achieved by being equipped with 4Tx and configured with 4-layer transmission compared to 2Tx for both eMBB and non-eMBB use cases according to previous studies. 
Besides the spectrum efficiency gain via multiple layer transmission, 4Tx can also help to boost the transmission power. The NR high power UE is highly demanded by market and has been widely enhanced in RAN4 on the single carrier basis. The transmission output power of UE is up to 29dBm (power class 1.5, PC1.5) or 31dBm (power class 1, PC1) only for Band n14 until Rel-17. For PC1.5, it is clearly specified in TS 38.101 that requirements apply only for UE equipped with 2Tx. It is because 23/26dBm PA is commonly manufactured in the industry considering UE PA process and Psat/PAE under that process. It can be shown in Fig 1. On the other hand, RF filters after PA has specific requirement on the signal power range that the filter can sustain, which results in the implementation restriction when UE needs to support the power on each Tx higher than normal level. Hence, when we expect even higher power (e.g. >30dBm MOP) to be reached by UE, supporting 4Tx on one band would be predictable and a possible solution. 
And since Rel-16 the enhanced techniques including full power transmission are specified, which can be utilized together with 4Tx to further improve the UE uplink performance.
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Fig 1. Psat and PAE for PAs with CMOS and SiGe technology

However, although there are significant gains shown above, no RAN4 requirement is specified for 4Tx so far, and all the requirements are based 2Tx. So we think it is time to introduce the 4Tx requirements in Rel-18.
When specifying 4Tx requirements, we would like to prioritize fix wireless access (FWA) device (customer premises equipment, CPE) over the smartphone. The main aspect which limits use of 4Tx is the form factor. The small form factor would cause difficulty to keep good isolation between multiple Tx antennas and thus restrict the support of larger than 2Tx. The small form factor makes it challenging to add the additional power supply units and RF components, which are required to support 4Tx, to PCB with limited size. And the more power supply units, the more power consumption and the higher the cost. Thus 4Tx would be more popular for FWA (or CPE) device. 

Feasibility

In our view, support of 4Tx is feasible for FWA (or CPE) devices. In retrospect of the discussion in RAN4, UE restricted by 2Tx is mainly due to several implementation limitations:
· Power consumption induced by multiple Tx chains
· Doubled antenna number significant increase the PCB size

· Thermal issues

As the RF technology is developing over years, the power consumption problem can be largely optimized by self-learning and RF adjusting, e.g. ET/APT technologies which are widely used. Regarding the antenna size, FWA or CPE UE with larger form factor is able to accommodate 4Tx antenna on the relatively larger PCB. The thermal issues for FWA or CPE UE would also be negligible. 
Proposed objectives
To specify 4Tx requirements for UE on a single carrier or band, we have the follow proposal.
Proposal 1: Specify 4Tx UL MIMO requirements covering different power class for UE equipped with 4Tx on a single CC or band for FR1 FWA (CPE) device in Rel-18.
For smartphone, we would also like to consider support of up to 4Tx in the future.
2.2   
Simultaneous transmission and reception on 700+800+900MHz bands
Motivation
Most operators across the world own 700, 800, and 900MHz bands. But the available spectrum on most bands is small, e.g., less than or equal to 10MHz. Although the coverage on those bands is excellent, the small available channel bandwidth on a single band cannot fulfil the requirement for high data rate NR service well. 
Obviously, the three bands need be aggregated for NR. A new technique so called multiple band serving cell (MB-SC, for short) is proposed in [1], which intends to make the operation on those three non-contiguous bands the same as operation on a single carrier with larger channel bandwidth (for example, 30MHz). The better performance in terms of mobility and power saving is expected compared to the carrier aggregation (CA).
Anyway no matter whether the traditional CA or new MB-SC is utilized, the most important aspect is to support simultaneous reception, or simultaneous transmission and reception. Thus the most difficult aspect is on RF design. Thanks to bigger volume and more powerful implementation, BS could meet most of existing RF requirements for separate bands when supporting the simultaneous transmission and reception. But it is more challenging for UE to support such functionality.

Feasibility and issues
In Rel-17, the EN-DC and CA band combinations of 700, 800 and 900MHz are under discussion. The UE architecture with independent RF components and antennas on each band is proposed, and the consensus is that such low-low-low band combination can only be supported by FWA devices with larger form factor.

In Rel-18 we would like to enable the support of 700+800+900MHz band combination for smartphone including part or all of the following capabilities to support:
· Simultaneous reception on all three bands, and transmission on one of three bands
· Simultaneous reception on all three bands, and transmission on any one or two out of three bands
· Simultaneous reception on all three bands, and simultaneous transmission any one, any two, or all of three bands
· NOTE: for downlink reception, supporting simultaneous reception on all three bands means the support of any one, any two and all of the three bands.
The UE architecture needs be discussed on how to fit the smaller form factor of smartphone and support the simultaneous transmission on those bands with small degradation of reference sensitivity. 
The other challenging issue is the intermodulation distortion (IMD) issue for simultaneous transmission. The complicated IMD components with multiple orders caused by non-linearity of RF components would fall in the frequency range for reception and thus result in the performance degradation on receiver (degradation of reference sensitivity). To what extent such degradation can be mitigated and what solution can be used need extensive study.
One of the expected outcome of this item is to drive the industry to provide a RF front-end, i.e., multiplexer, with a good trade-off between performance and cost to enable a wider bandwidth and good coverage NR carrier for the smartphone on 700+800+900MHz non-contiguous bands. 

The MSD issue and IMD issue need be addressed. To support such band combination, the multiplexer filter is expected to fit the small form factor of smartphone. 

Proposed objectives
So we propose the following objective to support simultaneous transmission and reception on 700+800+900MHz bands:

Proposal 2: Specify RF requirements for simultaneous reception and transmission on 700+800+900MHz bands 

· Investigate UE architecture and provide solution(s) to support the simultaneous reception for smartphone

· Investigate UE architecture and IMD issues to support simultaneous transmission and reception for smartphone 
· Specify the Tx and Rx RF requirements including
· Maximum sensitivity degradation (MSD) requirements 
· Delta_RIB and delta_TIB requirements
2.3   8Rx UE
Motivation
In order to improve the downlink throughput, 8Rx is enabled and the corresponding RF, RRM and demodulation/CSI requirements are specified for UE on higher frequency bands including 2.6GHz and 3.5GHz in LTE. The main use case is fixed wireless access (FWA) and device is with larger form factor. According to LTE specification TS 36.101, the 2.5~3.9 dB throughput gains of 8Rx over 4Rx under different propagation conditions are expected.

Proposed objectives
For NR UE, we also propose to enable 8Rx in Rel-18. The objectives are as follows:
Proposal 3: Specify 8Rx UE requirements for FR1 in Rel-18, including 

· Rx RF requirements: applicable bands, reference sensitivity
· RRM requirements: RLM requirements, RRM test cases

· Demodulation and CSI requirements
Further discussion is needed on whether 8-layer should be supported or mandatorily supported. The channel bandwidth of up to 100MHz is supported for NR and thus complexity to enable 8Rx together with 100MHz channel bandwidth is high. But in real life the probability of 8-layer downlink transmission would be very low. So we should consider the trade-off between the performance and implementation complexity.
3   FR2 UE RF evolution

3.1   FR2 UL 256QAM
Motivation
256QAM is specified for uplink transmission on FR2 bands to improve the spectrum efficiency by around 30% in theory. More FR2 power classes are introduced in Rel-17 with higher output power. Thanks to body proximity sensor based power management and power boosting technology to be introduced in Rel-17, the relatively higher SNR can be achieved at BS side especially for FWA scenario. Under such higher operating SNR, 256QAM would be the key feature to improve FR2 uplink performance.

But until now there is no RF requirement specified for it. Thus no device will support it.
Proposed objectives
So we propose to specify the corresponding requirements to enable uplink 256QAM on FR2 bands.
Proposal 4: Specify requirements for uplink 256QAM for FR2, including
· UE Tx RF requirements

· MPR requirements
· EVM requirements
· BS demodulation performance requirements with 256QAM
4   Simplification of RF requirements for band combinations
Motivation
The huge number of band combinations and configurations with different downlink CC numbers and uplink CC numbers configured are specified since Rel-15. Currently the band combinations and configurations are specified in a way being coupled with features such that EN-DC, NE-DC, NR-CA, NR-DC, SUL band combinations are specified. Accordingly, separate RF requirements are specified for each of them. Then when conducting the certification, the requirements of EN-DC, NE-DC, NR-CA, NR-DC, SUL band combinations supported by UE need be verified individually.
But the RF requirements, including delta_TIB, delta_RIB, IMD and out-of-band emission, are identical for a combination of certain bands regardless of whether EN-DC, NE-DC, NR-CA or NR-DC is supported on that band combination. As a result, there would be lots of redundant requirements in the current specification, which leads to a big burden and make it be error-prone to maintain or add band combinations. So we would like to simplify the RF requirements for NR band combinations.
Feasibility
In Rel-17 the simplification of band combinations is being discussed. The default bandwidth class sets (BCS) are specified. The approach to simplify delta_RIB and delta_TIB requirements are proposed. And the simplification method for MSD table is proposed. But we still think the issue should be studied thoroughly and addressed systematically. 
In Rel-18 we are considering the change of specification structure. We can specify the pure RF requirements for band combinations regardless of which features among EN-DC, NR-CA and so on are supported on those band combinations. The additional requirements which depends on the features can be specified in the separate sections. During the certification, UE only needs be verified against pure RF requirements for a certain band combination once based on a common configuration or one of the supported features including EN-DC, NE-DC, NR-CA, NR-DC, and SUL
Proposed objectives
Although we can simplify the requirement structure for all the band combinations, we cannot change the definition and signalling for EN-DC, NE-DC, NR-CA, NR-DC and SUL band combinations and/or configurations. Otherwise there will be non-backward compatible issue. So the new EN-DC, NE-DC, NR-CA, NR-DC and SUL band combinations/configurations still need to be introduced following the existing procedure. But the applicable requirements can be simplified as much as possible.
So we have the following proposed objectives:
Proposal 5: Simplify the RF requirements for band combinations covering both FR1 and FR2, including
· Separate the RF requirements, which are independent of EN-DC, NE-DC, NR-CA, NR-DC and SUL features, from those depending on those features, and specify the former as common requirements
· The definition EN-DC, NE-DC, NR-CA, NR-DC and SUL band combinations and configurations is kept unchanged

· Change the certification rules:

· Conduct the verifications of common requirements once for a band combinations based the proper configurations
· Keep and verify the feature dependent requirements separately from common requirements 
5   Conclusions
In this contribution, we discuss the potential techniques for the UE RF evolution. We covers both FR1 and FR2. The following items as well as detailed objectives are proposed.
For FR1, we have the following proposed items:

Proposal 1: Specify 4Tx UL MIMO requirements covering different power class for UE equipped with 4Tx on a single CC or band for FR1 FWA (CPE) device in Rel-18.

Proposal 2: Specify RF requirements for simultaneous reception and transmission on 700+800+900MHz bands 

· Investigate UE architecture and provide solution(s) to support the simultaneous reception for smartphone

· Investigate UE architecture and IMD issues to support simultaneous transmission and reception for smartphone 
· Specify the Tx and Rx RF requirements including

· Maximum power reduction (MPR) requirements

· Maximum sensitivity degradation (MSD) requirements 
· Delta_RIB and delta_TIB requirements
Proposal 3: Specify 8Rx UE requirements for FR1 in Rel-18, including 

· Rx RF requirements: applicable bands, reference sensitivity
· RRM requirements: RLM requirements, RRM test cases

· Demodulation and CSI requirements

For FR2, we have the following proposed item:
Proposal 4: Specify requirements for uplink 256QAM for FR2, including
· UE Tx RF requirements

· MPR requirements
· EVM requirements
· BS demodulation performance requirements with 256QAM
For both FR1 and FR2 band combinations, we have the following proposed item:

Proposal 5: Simplify the RF requirements for band combinations covering both FR1 and FR2, including
· Separate the RF requirements, which are independent of EN-DC, NE-DC, NR-CA, NR-DC and SUL features, from those depending on those features, and specify the former as common requirements

· The definition EN-DC, NE-DC, NR-CA, NR-DC and SUL band combinations and configurations is kept unchanged

· Change the certification rules:

· Conduct the verifications of common requirements once for a band combinations based the proper configurations

· Keep and verify the feature dependent requirements separately from common requirements  

6   References

[1] RWS-210441, NR Multi-Band Serving Cell, Huawei, HiSilicon.
