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1 Introduction

In RAN plenary meeting #84, it was agree to discuss by email introducing lower capability NR devices in Rel-16 with ranges of discussion:
· Device type(s), targeted for the lower capability definition (lower than Rel-15)
· What capability(es) would be relaxed and what relaxed parameter range would be considered

· Focus on number of antennas / MIMO layers and/or max supported BW

· Specification impact of lower capability definitions

· Whether to differentiate the lower capability devices from the Rel-15 capability devices and if yes, how

· Whether to introduce lower capability(es) in Rel-16 or in a later release

Note: The aspects of low end NR UEs (such as UE with 5 MHz / 10 MHz bandwidth in FR1) are covered part of NR-Light discussions


However, it has not concluded after the email discussion and the RAN #85. No email discussion on RAN reflectors until RAN #86, but it can depend on the outcome and allow proponents to come back at with a Tdoc.
This contribution discusses the impacts of such devices and try to address the concerns been shown earlier. They are on the marketing issues, global roaming, device costs and network operation. We believe the introducing of lower capability UEs into Rel-16 NR will bring more advantages to 5G NR instead of compromised it. The applications, device types, and UE capabilities for NR-light in the Rel-17 NR-light will also not been overlapped by this item.
2 Discussion
2.1 Bandwidth Reduction
In near term possible carrier can deploy 100MHz system bandwidth would be limited to the band n41, n77, n78 and n79. Considering most other carriers would deploy much smaller bandwidth like 30MHz or 40MHz, UE would more likely operate in bandwidth much smaller than 100MHz. In the current specification, there is no categorization for UE in a certain frequency band. If the UE access a frequency band, it has to support maximum possible bandwidth of than frequency band defined in the RAN4 specification. 
The complexity of UE implementation is highly dependent on the bandwidth. The relieving of that restriction to smaller one, e.g. 50MHz, would reduce much complexity onto UE including RF part. This will make it possible to reuse RF component, such as PA and filter, of LTE, which will reduce the RF cost of NR UE. In addition, it is commonly feasible under the condition of 60MHz< to support envelope tracking algorithm to further optimize transmitter RF power efficiency.

For base band design, the reduced bandwidth also results into smaller processing resource. More than half of memory of soft buffer is saved by that reduction. It will also mean corresponding less processing hardware in the chipset. Those will reduce the overall device sizes and cost.
2.2 RX reduction
There are also hard requirement on 4RX for frequency band higher than 2.5 GHz in Rel-15. To support 4RX, the antenna should affect more on the UE internal structural design. There are already various wireless techniques integrated into UE, including WiFi, Bluetooth, NFC, GPS and Beidou positioning. All of them need forms of antenna and may not share antenna with NR. The RF structure and connectors would also require higher complexity of internal design. Besides, inside the NR UE, the available space for RF components is very limited, considering the consumers’ requirement on better camera and larger battery. Thus, smaller number of RX will be very effective in reducing the NR UE complexity.
Overall, all these reductions will make it possible to design a slimmer and efficient NR device. They are also important for commercial deployment.
2.3 Issues for introducing lower capability UE

There are some feedbacks about introducing this lower capability device. Those issues are among slowing down the high capable device development, Fragmentation of UEs and Network deployment problem. However, considering on those issues, it actually does make sense to introduce lower capability devices.
When we introduce LTE, the bandwidth is 4 times to UMTS single carrier. For NR, the maximum bandwidth goes up to 5 times as LTE. The increasing is slightly higher. In the same time, NR do not have similar mechanism as LTE for UE categories, that means the processing power have to target to the ‘high end’ one in the very beginning of NR deployment depending on the supporting frequency band of the NR UE. Thus, the high-end-only requirement will slow down 5G industry maturity by lack of cost-effective NR devices, instead of accelerate it in sense of general technical advancing of the wireless devices.
Looking into LTE cases, the first release of LTE introduced 6 categories for UE. It does not turns out of fragmented UE implementation and prevent commercial success of LTE. Even considering in the later releases, LTE already had around 20 categories. Thus, introducing much small number of lower capability devices will not have negative impact of splitting of economies of scale.
There also need some consideration on network supporting of new devices. Since the network based on Rel-15 may not support the UE with only narrower bandwidth capability, new devices may have problem to access the network. However, this only happen in the frequency band mentioned above. Further, this problem will be common for all new features of Rel-16 and beyond. Thus, the impact to network can be solved by very simple commonly used upgrade method. The handling of roaming UEs can be solved by LTE or lower frequency band NR not requiring 100 MHz.
Also, for the network operators concerning the overall performance, it can require a network access control policy over those lower capability UEs.

Fully depending on possible NR-light in Rel-17 will make the device only available at the end of 2021. It means we have to wait until then to support the some “middle” capable devices like smart watch in the NR ecosystem. This will help to NR fast development and user penetration. 

Considering the NR-light will also have a study phase, it is not efficient to study the simpler the “feasibility” of lower capability UEs.
3 Conclusion

There is no negative issue for the introduction of a low-tier NR UE in Rel-16 in regards of slowing down the high capable UE development, Fragmentation of UEs and Network deployment problem.
The growth of the entire NR ecosystem would require more diverse device type for UE side. The successful LTE case also proves the need of UE with lower capability in bandwidth and receiver. Therefore, we make the following proposal.

Proposal: 
Introduce lower capability UE into NR Rel-16
At least introduce one UE capability with maximum around 50MHz in carrier bandwidth
Introduce 2RX for frequency bands, which mandate 4RX in Rel-15
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