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1	Introduction
In RAN#86, a new study item on the support of reduced capability NR devices for use cases such as industrial wireless sensors, video surveillance, and wearables was approved. The SID was revised in RAN#87 [1]. One of the requirements for these three use cases, as described in [1], is lower device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/16. The SID includes the following objectives (please refer to [1] for the original descriptions with more details):
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 

The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1] 
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]
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].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
In this contribution we discuss the scope of the RedCap study item from RAN2 perspective, including proposals on which aspects RAN2 should provide input to TR 38.875. Since the RAN2 study only covers two meetings, no separate work plan on the study item is planned to be submitted to RAN2 on top of this document discussing the scope of work from RAN2 perspective. 
RAN1 is the primary responsible WG of the study item and has already started the work in RAN1#101-e. List of agreements so far according to [2] are provided in Appendix for reference. Updated TR skeleton for TR 38.875 is submitted to RAN2#111-e in R2-2007366 [3].
[bookmark: _Ref178064866]2	Discussion
2.1	UE complexity reduction features
The various UE complexity reduction features have mainly impact on physical layer channels and procedures, therefore the main impact of the first objective is on RAN1. RAN1 has already made number of agreements on the features as listed in the Appendix. 
RAN2 should study if the (eventual) agreed complexity reduction features, such as bandwidth reduction, affect idle mode procedures such as UEs receiving paging, system information and initiating random access. 

[bookmark: _Toc47638694]The complexity reduction discussion is mainly in RAN1 domain and RAN2 can provide support during the study item if needed.
[bookmark: _Toc47638688]Study whether the RAN1 agreed complexity reduction features, such as maximum bandwidth reduction, affect RAN2 procedures such as idle mode procedures or initial access.
2.2	UE power saving and battery lifetime enhancement
Two RAN2-specific objectives related to UE power saving are mentioned in the SID: 1) Extended DRX for RRC Inactive and/or Idle, and 2) RRM relaxation for stationary devices. 
RAN2 should study the impact and feasibility of eDRX and decide the possible range of eDRX cycles for RedCap devices for RRC Inactive and Idle modes, and study possible improvements for RRM relaxation for RedCap for stationary devices. Additional mechanisms for RRM relaxation can be considered as well. 
For eDRX there are additional impacts on higher layers thus it is expected that coordination with e.g. SA2/CT1 is required and there is an impact in SA2/CT1 specifications. 
Both of the above objectives have their own sections in the skeleton TR [3], and RAN2 should provide description of the features with analysis of the power saving, performance impacts, coexistence with legacy UEs, and specification impacts. 
[bookmark: _Toc47638689]RAN2 should provide solutions and analysis to TR 38.875 on extended DRX for RRC Inactive and Idle modes and RRM relaxation for stationary (RedCap) devices. 
2.3	Standardization framework and principles for constraints for reduced capabilities
As the purpose of the study and eventual work item is to define set of UE functionalities (e.g. capabilities) corresponding to a reduced capability device, it should be discussed how the definition(s) should be captured and whether there is need to have multiple different types or definitions of such devices. 
It seems likely that the supported bandwidths of RedCap are different for FR1 and FR2, thus it seems viable to study separate RedCap UE types at least for each of the two frequency ranges. On top of these device types, the UE may potentially report additional capabilities e.g. for more advanced use cases but the exact details of e.g. the allowed combinations require further study. 
The TR skeleton [3] includes section "Definition and constraining of reduced capabilities" to capture the discussion and solutions during the study phase. The exact definition of RedCap device requires coordination with RAN1 on the exact characteristics, and many of the details are being discussed in RAN1 (cf. the first objective in SID). RAN2 should provide input e.g. from capability signalling point of view and any RAN2 related views on how the UE types should be defined and how to ensure these device types are only used for the intended use cases. 
[bookmark: _Toc47638690]RAN2 should, together with RAN1, provide input to TR 38.875 on how and how many RedCap UE types should be defined. RAN2 should further discuss whether there is need e.g. to constrain or extend the existing capability signalling framework for RedCap UEs or use cases. 
2.4		Functionality for identification of restricted capability UEs 
The network should be able to identify RedCap UEs from "normal" NR UEs to e.g. control QoS and control the access of such UEs to the system. There are couple of different ways to achieve this and RAN2 should study the options and provide view on which would be the best way. 
As reduced capability UEs in NR/5GS may reduce the overall system performance by e.g. reducing the potential system throughput and spectral efficiency, it may be of interest to impose stricter or at least separate access control for RedCap UEs in some situations, at the discretion of the network operator. Access control mechanisms for RedCap can include extensions to existing mechanisms on cell barring, access control (i.e. UAC) and possible restrictions or separate configurations for random access procedure. For example, for service-based control, where RAN cannot identify the service, it might be necessary to coordinate with e.g. CT1 and/or SA2. RAN2 should identify whether there is need for such mechanisms.
The TR skeleton [3] includes section "11 UE identification and access restrictions" which RAN2 should populate. 
[bookmark: _Toc47638691]RAN2 should provide input to TR 38.875 on how to identify and control access of RedCap UEs in NR/5GS using RAN-based mechanisms. RAN2 should identify whether there is need to discuss and consider higher layer (e.g. NAS-based) mechanisms.

2.5		Summary and proposals for organizing the RAN2 work
In this contribution we have discussed the study item objectives in generic terms from RAN2 perspective and our proposal is to focus at least on the described issues and provide input to the TR. 
As RAN2#111 is the first meeting where RedCap SI is discussed, and RAN2#112 is intended to be the final meeting for the study item, we should also discuss how to best organize the TR updates considering the short time available for the study phase.
To capture RAN2 input in TR 38.875 we propose, after discussions, to collect all RAN2 endorsed text proposals to the TR in single document during the RAN2 meeting(s) and provide these to RAN1 as input. If urgent issues are identified during the meeting which we should bring up to RAN1 attention, we can further consider sending additional LS(s). 
As RAN2#111 is the first RAN2 meeting on RedCap, it may not be possible to provide detailed text proposals to TR during or immediately after the meeting. To facilitate the work on good input to TR 38.875, we can consider running email discussions between #111 and #112, depending on the progress during RAN2#111.
Thus, companies are encouraged to provide detailed text proposals at latest to RAN2#112, which would be collected into a single combined draft, and sent to RAN1 for implementation in the TR.
[bookmark: _Toc47638692]Collect the RAN2 text proposals in a single document during the meeting(s) and send the document to RAN1 as input to the TR.
[bookmark: _Toc47638693]Consider starting email discussions after RAN2#111 on agreed topics to facilitate input to TR 38.875. 

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The complexity reduction discussion is mainly in RAN1 domain and RAN2 can provide support during the study item if needed.
[bookmark: _In-sequence_SDU_delivery] 
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	Study whether the RAN1 agreed complexity reduction features, such as maximum bandwidth reduction, affect RAN2 procedures such as idle mode procedures or initial access.
Proposal 2	RAN2 should provide solutions and analysis to TR 38.875 on extended DRX for RRC Inactive and Idle modes and RRM relaxation for stationary (RedCap) devices.
Proposal 3	RAN2 should, together with RAN1, provide input to TR 38.875 on how and how many RedCap UE types should be defined. RAN2 should further discuss whether there is need e.g. to constrain or extend the existing capability signalling framework for RedCap UEs or use cases.
Proposal 4	RAN2 should provide input to TR 38.875 on how to identify and control access of RedCap UEs in NR/5GS using RAN-based mechanisms. RAN2 should identify whether there is need to discuss and consider higher layer (e.g. NAS-based) mechanisms.
Proposal 5	Collect the RAN2 text proposals in a single document during the meeting(s) and send the document to RAN1 as input to the TR.
Proposal 6	Consider starting email discussions after RAN2#111 on agreed topics to facilitate input to TR 38.875.
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Appendix: RAN1 agreements from RAN1#101-e
RAN1 made the following agreements related to use case requirements:
	Agreements:
· For safety related sensors, latency requirements apply to traffic initiated from RRC_CONNECTED.



RAN1 made the following agreements related to study of UE complexity reduction:
	Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz 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.

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.

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.



RAN1 made the following agreements related to study of UE power saving: 
	Agreements:
· Study the impact of BD and CCE limits reduction on power saving and PDCCH blocking probability (quantitatively) and impacts on latency and scheduling flexibility (at least qualitatively).

[bookmark: _Hlk47366281]Agreements:
· Reuse the power consumption models and scaling factors for FR1 and FR2 provided in TR 38.840 (sections 8.1.1, 8.1.2, 8.1.3) as appropriate.
· For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.
· For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity 100 ms should be considered (other values are encouraged).



RAN1 made the following agreements related to study of coverage loss/recovery: 
	Agreements:
· If/when coverage evaluations outside the CE SI are needed,
· The basic evaluation methodology is based on link-level simulation for FR1.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
· Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
· The evaluation methodology for FR2 is the same as FR1.

Agreements:
· If/when link-level coverage evaluations outside the CE SI are needed,
· The CE SI link-level simulation assumptions can be used as a starting point.
· For calibration purposes, the following settings can be used:
	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD) (primary choice)
4 GHz (TDD) (secondary choice)

Rural:
700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)

For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h






RAN1 made the following agreements related to study of performance impacts: 
	Agreements:
· The evaluation of performance impacts includes at least peak data rate, latency and reliability (as needed for the use cases). Other performance metrics such as power consumption, spectral efficiency and PDCCH blocking probability may also be considered if appropriate for a specific technique.
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