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Discussion and Decision
1 Introduction

In Rel-17 SI on support of reduced capability NR devices [1], one objective is to study standardization framework and principles for reduced capability UE as described below –

Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases
In RAN1#102e, it was agreed –

· Studying how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1
· Discussion on whether to study CA case is deprioritized for reduced capability UEs in Rel. 17 SI and it will not start until maximum UE channel bandwidth is clear
In this contribution, we address the issue of reduced capability UE types.
2 Reduced Capability UE Type
In [2], evaluations of UE complexity reduction features are provided. Based on the analysis in the contribution, several proposals regarding RedCap UE definition were made [2] –

· Based on the cost saving analysis, the following complexity reduction combination is recommended – reduced UE bandwidth, reduced number of Rx antennas, reduced number of DL MIMO layers, and HD-FDD.

· Consider two types of RedCap UE based on relative cost reduction analysis and achievable UE peak data rates.

· For RedCap UE Type 1, support the following capabilities: reduced bandwidth, 1 Rx antenna, no DL MIMO support, and HD-FDD.

· For RedCap UE Type 2, support the following capabilities: reduced bandwidth, 2 Rx antennas, and maximum of 2 DL MIMO layers.
Generally, Type 1 UE provides significant relative cost saving (50-60%) compared to the reference NR UE and is similar in capabilities to LTE Cat-1bis UE. Type 2 UE provides smaller but still meaningul cost reduction and is similar in capabilities to LTE Cat-4 UE.

The RedCap UE capability types are listed in Table 1.
Table 1. RedCap UE capability type.
	RedCap UE Capability  Type
	UE Capability

	Type 1

Reduced bandwidth, 1Rx antenna, no DL MIMO support, and HD-FDD
	FR1 FDD: 20 MHz, 1Tx-1Rx, no DL MIMO support, HD-FDD → 59% relative cost reduction
FR1 TDD: not supported due to significant DL performance loss
FR2 TDD: 100 MHz, 1Tx-1Rx, no DL MIMO support → 49% relative cost reduction

	Type 2

Reduced bandwidth, 2Rx antennas, and maximum of 2 DL MIMO layers
	FR1 FDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers → 28% relative cost reduction
FR1 TDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers → 56% relative cost reduction
FR2 TDD: not needed since Type 1 can satisfy the requirements and relative cost reduction for Type 2 is only 13%


Table 2 lists the supported RedCap UE capability type for each frequency range. For FR1 TDD and FR2 TDD, only one type is supported. For FR1 FDD, two types are supported.

Note that for FR1 TDD, only Type 2 is supported. This is because Type 1 device would have significant performace loss (~7 dB degradation in link-level performance and 53% and 60% degradation in sector and cell edge spectral efficiencies) due to having only 1 Rx antenna compared to the baseline of 4 Rx antennas.
On the other hand, for FR2, only Type 1 is supported. This is because Type 1 device can satisfy all the requirements of the study item. In addition, Type 2 device would only provide 13% relative cost reduction compared to the reference NR UE.
Table 2. Supported RedCap UE capability type per frequency range.
	Frequency Range
	Supported RedCap UE Capability Type

	FR1 FDD
	Type 1 and Type 2

	FR1 TDD
	Type 2

	FR2 TDD
	Type 1


Based on the above analysis, we therefore make the following proposal –
Proposal 1: Consider defining two types of RedCap UE as follows –
· Type 1: reduced bandwidth, 1 Rx antenna, no DL MIMO support, and HD-FDD (where applicable)
· Type 2: reduced bandwidth, 2 Rx antennas, and maximum of 2 DL MIMO layers 
3 Conclusions

In this contribution, we consider the framework for how to define and constrain RedCap UE and make the following proposal –
Proposal 1: Consider defining two types of RedCap UE as follows –

· Type 1: reduced bandwidth, 1 Rx antenna, no DL MIMO support, and HD-FDD (where applicable)

· Type 2: reduced bandwidth, 2 Rx antennas, and maximum of 2 DL MIMO layers
4 References

[1] RP-201386, “Revised SID on Study on support of reduced capability NR devices,” Ericsson, RAN#88e, Electronic Meeting.
[2] R1-2008068, “UE Complexity Reduction Features,” Nokia, Nokia Shanghai Bell, RAN1#103e, Electronic Meeting.

[3] R1-2008072, “Initial access for RedCap UEs,” Nokia, Nokia Shanghai Bell, RAN1#103e, Electronic Meeting.

[4] R1-2008071, “Functionality for coverage recovery,” Nokia, Nokia Shanghai Bell, RAN1#103e, Electronic Meeting.
