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Introduction
The study on the support of reduced capability NR devices [1] includes the following objective:
	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 [RAN2, RAN1].



In this contribution, we present our views on definition of device type and on how to ensure the RedCap device types are only used for the intended use cases. For the discussion of this paper, the notion of RedCap device type is used to represent a combination of certain reduced UE capabilities. The notion of RedCap device type does not imply that a new device type signalling framework needs to be created, although that could be an option to be studied or discussed. Existing UE capability signalling framework can still be used to convey the reduced UE capabilities supported by a RedCap UE.
RedCap device type
The economy of scale is an important consideration for a lower-end UE market segment. According to [1], Rel-17 RedCap use cases include (1) industrial wireless sensors, (2) video surveillance, and (3) wearables. The target use case requirements, in terms of data rate, latency, and reliability, for these 3 use cases were described in [1].
	Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).



In our view, 3GPP should aim to define one RedCap device type per frequency range that can be used to address all the three Rel-17 RedCap use cases. The RedCap device type definition includes a minimum set of UE capabilities that the network can expect from a UE conforming to the RedCap device type, at least during initial access before the UE capabilities are conveyed to the network. Which UE capabilities to be included in the RedCap type definition should be based on a trade-off between UE complexity and cost reduction and economy and scale. For example, one possible approach is to define a RedCap UE type that meets all the use case requirements described above. However, as seen above, the range of data rate requirements for Rel-17 RedCap use cases is from 2 Mbps for industrial wireless sensors to up to 150 Mbps and 50 Mbps for downlink and uplink, respectively, for wearables. Defining a common RedCap type for meeting the 150 Mbps high-end wearable requirements may come at the cost of raising the price point for the industrial wireless sensors. This is undesirable, especially if the market for the high-end wearables that require a downlink data rate of 150 Mbps is a niche market.
In RAN1-101e, several UE complexity reduction techniques were agreed to be studied for RedCap UEs [2].
	Agreements:
· For FR1, study at least 20 MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50 MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS

Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.



In our view these techniques are suitable reduced UE capabilities to be considered for RedCap UE type definition. Among the two bandwidth options being studied in FR2, we show in [3] that 50 MHz UE bandwidth is sufficient to support all the SSB and CORESET#0 configurations defined in the RAN1 specifications. 50 MHz UE bandwidth is also enough to meet all the data rates indicated in the SID.
Considering the complexity and cost reduction aspects as well as use case requirements, a Redcap UE type in FR1 and FR2 can be defined according to Table 1 and Table 2, respectively. As mentioned in the Introduction section, the notion of “Redcap UE type” refers to a minimum set of UE capabilities that are common to all Redcap UEs. This however does not prohibit a UE to support additional capabilities.
[bookmark: _Ref39838551]Table 1: Redcap UE Type in FR1
	Capability
	Baseline
	Comments

	Channel bandwidth
	20 MHz
	Includes support of certain smaller channel bandwidths, e.g. [5, 10, 15] MHz

	Number of Tx branches
	1
	Same as reference UE

	Number of Rx branches
	2 receiver branches in bands {n7, n38, n41, n77, n78, n79}, and 1 receiver branch in all other bands
	Support for a single RX branch in FR1 deserves further discussion.

	Duplex mode
	HD-FDD, TDD
	

	DL modulation
	QPSK, 16QAM, 64QAM
	

	UL modulation
	QPSK, 16QAM, 64QAM
	Same as Reference UE

	DL MIMO support
	No
	



[bookmark: _Ref39838561]Table 2: Redcap UE Type in FR2
	Capability
	Baseline
	Comments

	Channel bandwidth
	50 MHz
	

	Number of Tx branches
	1
	Same as reference UE

	Number of Rx branches
	2
	Same as reference UE

	Duplex mode
	TDD
	Same as reference UE

	Antenna configuration (reflected in RAN4 requirements)
	[2] antenna panels
	Antenna baseline is reflected in the RAN4 radiated requirements.
Support for a single antenna panel deserves further discussion.
The number of antenna elements per panel should be determined based on expected Redcap UE RF losses, and level of permitted EIRP and spherical coverage relaxation.

	DL modulation
	QPSK, 16QAM, 64QAM
	Same as reference UE

	UL modulation
	QPSK, 16QAM, 64QAM
	Same as reference UE

	DL MIMO support
	No
	



How to constrain use case
The study item objective regarding ensuring a RedCap device being only used for the intended use cases is motivated by a potential spectral efficiency reduction as a result of complexity reduction. Therefore, from a network operator perspective, it is not desirable that a RedCap device is used for eMBB use cases, consuming lots of gigabytes per month. In our view, this concern can be addressed by designing a proper rate plan for a RedCap device to discourage the device to be used for eMBB or URLLC applications.
In terms of standardization tool, once the UE capabilities are known to the network (after Msg3 or Msg5), it is possible for the network to configure the UE appropriately. Thus, one potential solution could be when a RedCap UE requests a service that does not match the reduced UE capabilities, RAN can already reject an RRC connection establishment attempt, e.g., based on the establishment cause provided in Msg3 or through higher layer mechanisms. Further access attempts can be delayed if rejected and it can be discussed whether these mechanisms should be updated or extended. For example, there could be certain RRC establishment causes which should not be allowed for Redcap UEs. A specific Redcap RRC establishment cause may be defined to differentiate Redcap use cases and facilitate the interaction between RRC and NAS. However, this is beyond the RAN1 scope, and can be discussed in RAN2.
[bookmark: _Ref47537329]RAN2 is better suited than RAN1 to study features for constraining RedCap devices to be used only for the intended use cases.
	Conclusion
Based on the discussion above we have the following proposals.
[bookmark: _Hlk47537646]The RedCap study item conclusions recommend defining one RedCap UE type in FR1. The definition of the RedCap FR1 UE type includes a minimum set of UE capabilities supporting operation in FR1 adequately for targeted use cases, balancing the considerations on achievable cost reduction benefits and economy of scale.
The RedCap study item conclusions recommend defining one RedCap UE type in FR2. The definition of the RedCap FR2 UE type includes a minimum set of UE capabilities supporting operation in FR2 adequately for targeted use cases, balancing the considerations on achievable cost reduction benefits and economy of scale.
Features for constraining RedCap devices to be used only for the intended use cases are assumed to be studied in RAN2 and not discussed further in RAN1.

Observation 1	RAN2 is better suited than RAN1 to study features for constraining RedCap devices to be used only for the intended use cases.
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