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1 Introduction

In RAN#86, a new study item was approved on the support of reduced capability NR devices, relative to Rel-15/16 eMBB and URLLC NR devices, to serve specific targeted use cases: industrial wireless sensors, video surveillance, and wearables. The study item description has been revised in RAN#88-e [1]. 
One of the objectives of the study is: 
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 provide our views on standardization framework and principles for RedCap UE.

2 Framework and principles
2.1 RedCap UE type(s) and use case requirements
The target use cases for RedCap UE have diverse requirements in data rate, latency and battery life. Even within a specific use case, we can see diverse requirements, e.g. see the quite strict 5ms latency of safety related sensors compared to 100ms of the general IWSN case, or the 10 to 150 Mbps peak data range for wearables. Considering this, a valid question arising is if a single or multiple types of RedCap UE should be defined. Former option has as main advantages of lower cost from reduced production fragmentation and testing complexity, lower signaling overhead and possibly easier access barring. On the other hand, latter option will definitely lead to cost optimized solutions for each use case. 
Maybe it is a bit early to clarify the answer to this question and further study is needed to understand if we could simply live with a single RedCap UE baseline type supporting a basic set of capability features to cover mainstream requirements, while some special requirements could be served best by support of optional features and feature sets. Possibly some further clarifications such as specific requirement on use case device sizes to clarify minimum number of antennas to support, or if it is considered that all RedCap devices are battery powered or not, or if FR2 and FR1 are both considered for each use case (or only FR1in some), could start shedding some light into that direction. One relevant example from LTE era to have generally in mind is Cat-0 which was never deployed despite the hype and the standards groups’ effort for its specification. This study should avoid leading to similar outcome, i.e. a RedCap variant that will never be deployed. 
Observation 1: RAN1 needs to discuss more on the need of single or multiple RedCap UE types.

In terms of specific use case requirements, we think that it would be best to complement in some directions the existing ones from SID. For example peak bit rates should be clarified for all use cases. Furthermore, as most of use cases mention UL dominated traffic, both UL and DL bit rate must be clearly specified. Also, if bit rate is measured at application level, basic assumption on application should be specified (UDP, TCP, traffic). In previous RAN1 meeting, some companies proposed to add requirements for low-end wearables, such as e.g. 2 Mbps reference bit rate in DL and 10Mbps peak rate in DL and UL. We don’t see the need to address such low-end wearables in this study as these lower data rates can be addressed by legacy devices up to Cat1-bis.
Observation 2: There is no need to reduce the peak rate for the wearables use case.
2.2 Evaluation methodology
Agreements:

· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.

· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.

· Include antenna parts at least in the cost/complexity breakdown for FR2.

· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.

The past study of low cost LTE MTC UEs resulting to TR 36.888 can be used as good guide for the evaluations on UE cost and complexity methodology. Some updates could include:

· higher bandwidth (e.g. for FR2) and BWP operation which does not exist in LTE MTC study

· larger number of HARQ processes, new modulations and new error correction codes

· capability aspects related to latency and reliability targets which are not present in LTE MTC study
· breakdown between baseband and RF cost, as well as a separate cost structure for FR1 and FR2 RF
We also have some suggestions for the planned use of the reference NR device.  In RAN1#101-e, the following agreements were made for a reference NR device in order to evaluate complexity reduction solutions for RedCap UE [2]:
Agreements:

The reference NR device for evaluation of cost/complexity reduction supports the following:

· All mandatory Rel-15 features (with or without capability signaling)

· Single RAT

· Operation in a single band at a time

· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL

· For FR2: 200 MHz for DL and UL

· Antennas: 
· For FR1 FDD: 2Rx/1Tx

· For FR1 TDD: 4Rx/1Tx

· For FR2: 2Rx/1Tx

· Power class: PC3

· Processing time: Capability 1

· Modulation: 

· For FR1: support 256QAM for DL and 64QAM for UL

· For FR2: support 64QAM for DL and 64QAM for UL

· Access: Direct DL/UL access between UE and gNB

Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.
To our understanding, reference NR device should be the reference point for cost and complexity, as defined and deployed today, and the RedCap UE should be compared to such reference as well. A main motivation for studying RedCap devices has been that, as of today, all NR devices support complex aggregation scenarios and from ecosystem standpoint and this leads to the perception that 5G devices are expensive. So, though CA/SUL is not a mandatory capability, it has definitely a cost impact that should be assessed in the study. Same argument could be made for MIMO; UL-MIMO capability and 4x4 DL-MIMO for bands with 4Rx may be of interest if reducing the number of MIMO layer is considered as cost/complexity reduction axis. So, it would be very useful for the study to evaluate reduction in some specific axes (i.e. CA, MIMO, also possibly capability #2) and reflect this into reference NR device(s).

Proposal 1: Reference NR device for evaluation of cost/complexity reduction should be updated to capture at least CA capability to evaluate reduction from actual NR devices deployed today. 
Furthermore, regarding the objectives of the study item for coverage recovery and power saving evaluations compared to reference NR devices, considering that Rel-17 deployment will support both RedCap and normal Rel-17 UEs, it may make sense to target coverage recovery from Rel-17 eMBB UEs or consider reference NR UE that supports some optional features related to targeted use cases, e.g. Rel-16 and Rel-17 power saving features.  

3 Conclusion
In this contribution, we discuss standardization framework and principle issues for RedCap UE. We reach to the following observations and proposal:  

Observation 1: RAN1 needs to discuss more on the need of single or multiple RedCap UE types.
Observation 2: There is no need to reduce the peak rate for the wearables use case.
Proposal 1: Reference NR device for evaluation of cost/complexity reduction should be updated to capture at least CA capability to evaluate reduction from actual NR devices deployed today. 
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