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Introduction
Rel.17 RedCap NR devices SI [1] was updated and agreed in RAN plenary #88e meeting.
In the previous RAN1 meeting, the agreements listed in the appendix were achieved.
This contribution discusses framework and principles for how to define and manage reduced capabilities for different UE types and achieve mutually aligned understanding between network and UE side. Some of the contents of this contribution are updated from [2].
Discussion
On requirements of the use cases and potential UE complexity reduction features
The main motivation of introducing UEs with reduced capability is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. For certain deterministic use cases, new type of UE(s) can fulfill the requirement and in the meanwhile the simplified UE feature may contribute to the cost and complexity reduction.
Industrial wireless sensors
	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)



[bookmark: _GoBack]The realistic condition for the evaluation needs to be clarified because depending on the resource load status, the traffic arrival rate, served number of UEs and available bandwidth, 99.99% can be  possibly either easy or difficult to achieve. From the agreements for evaluation in previous meeting, only link level simulation is used. Thus, no system load situation is required to consider. Therefore, the above-mentioned availability means the communication reliability in our understanding.
If resource is sufficiently available, for the case of end-to-end latency requirement of 100 ms, HARQ with more retransmissions would achieve the requirement. On the other hand, for the case of lower latency of 5-10 ms in the safety related sensors, repetition would be more promising technique to achieve the requirement. To use lower MCS levels meets the low bit rate (less than 2 Mbps) requirement and would contribute to satisfy the reliability requirement with reduced complexity.
[bookmark: IWS_repetition]Proposal 1: For industrial wireless sensor scenarios, two major new types of UEs can be identified for clearer UE categorization, which are general wireless sensors and safety related sensors. To achieve service availability of 99.99%, 
· For general wireless sensors, HARQ is baseline.
· For safety related sensors, repetition is baseline.
· For both types, low MCS level including reduced modulation order is baseline. 
In spite of the high requirement of service availability/reliability, the DCI for DL/UL scheduling should meet even higher reliability requirement, especially for safety related sensors use case. The latency budget does not provide much room for DCI misdetection. Thus, the DCI format 0_2/1_2 would be a suitable candidate for UE specific search space as the fields are flexibly configured and can have smaller size than fallback DCI formats. Then the DCI reception reliability can be further enhanced. 
[bookmark: IWS_DCI]Proposal 2: For PDCCH reliability and flexibility in industry wireless sensor scenarios, DCI format 0_2/1_2 can be considered.
Besides the service availability/reliability, particular for safety related sensors, it is reasonable to assume the packet size is extremely small which only includes urgent alerts. Furthermore, if the latency requirement includes SR/BSR, the latency requirement for safety related sensors is still challenging compared with regular eMBB. Therefore, depending on how often the packet arrives, in order to achieve low latency and long battery life, long DRX with small data enhancement (including 2-step RACH) is necessary. Moreover, the bandwidth reduction should also be considered to fit the traffic packet size. It is noted that whether to reuse the legacy initial access channels should also be studied.
[bookmark: IWS_smalldata]Proposal 3: For industry wireless sensor scenario, small data enhancement including 2-step RACH could be considered for reduced capability UEs. Also, the bandwidth reduction should be considered to fit the traffic packet size. Whether to reuse the legacy initial access channels should also be studied.
In addition, to achieve few years battery life, power saving enhancement should have synergy with this SI.
[bookmark: IWS_powers]Proposal 4: Power saving related enhancement should be considered for industry wireless sensor scenario.

Video Surveillance
	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.



For video surveillance case, we assume mostly the traffic pattern is dominated by UL transmissions. In terms of throughput, the DL signalling and OTA firmware update are not in a comparable level to video traffic. Due to the nature of the live video, it is reasonable to characterize the (UL) traffic with certain number of parameter sets of packet size and arrival periodicity. DL command may trigger or stop the packet generation/transmission.
[bookmark: video_packet_size]Proposal 5: For video surveillance scenario, a number of parameter sets of packet size and arrival periodicity can be used to characterize the UL periodic traffic model:
· Reference economic video: If the packet arrival periodicity is T ms, the packet size (potential size of MAC PDU or TBS) could be [2,4] Kbits * T.
· High-end video: Similar with the above case, if the packet arrival periodicity is T ms, the packet size could be around [7.5, 25] Kbits * T.
As the traffic arrival rate is nearly constant and data rate is stable, the scenario is well supported by CG (Configured Grant). Even if the channel condition change in spite of stationary scenario, CG can also support MCS switching between CG configurations. For this traffic type, configuring suitable BWP to cover the required data rate and employing CG to reduce control overhead and relaxing PDCCH monitoring/processing timeline are a reasonable option.
[bookmark: video_BWP_CG]Proposal 6: For video surveillance scenario, BWP framework and CG should be considered to support the service.
Considering the surveillance cameras are likely to be deployed with fixed locations,
[bookmark: video_mobility]Proposal 7: For video surveillance scenario, the assumed UE mobility level could be low or even stationary. Thus, RRM relaxation could be considered.

Wearables
	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).



The relaxed data rate is the main characteristic. The peak bit rate for high-end device is comparable with LTE/LTE-A. Low-end wearable device type was agreed and added to the SID in the RAN #88e meeting. The data rate is comparable with LTE UE Category 1bis. The power saving enhancement is also important to enable battery of the device last multiple days. In our understanding, it is necessary to agree on some application specific traffic model to evaluate the how the battery life can be extended to 1-2 weeks.
[bookmark: wearable_battery]Proposal 8: Power saving enhancement should be considered for wearable use case. To investigate how the battery life of the device can be extended to 1-2 weeks, traffic model and battery life calculation methodology should be agreed.

How to define UE features for different scenarios
With considerations of above use cases and analysis of reduced UE features in [3], the following table 1 summarizes the difference of UE technical features for each use case. The relation between the use case and UE feature can be similar to the discussion point of NR-U UE feature, whether use case (or scenario)-specific signalling or functionalility-based signalling. Currently NR-U UE feature has following working assumption. The signalling itself is the functionalility-based (similar to Rel.15/16) but the scenario-specific requirement is expressed by separate table or by the association in the UE feature list. This allows to focus technical discussion on the signalling in working group by the functionalility- based and the requirement of each use case can be described in the specification. Therefore, a similar relation of the UE feature and the scenario could also be defined for reduced capability UEs. 
· [Working assumption] Take either one of following alternatives
Alt.1:
· Define a table to capture the basic FGs required for a certain NR-U deployment scenario in specification
· Note: the table does not have impact on capability signaling
· Note: the grouping of FGs in the table does not have impact on “prerequisite FGs” column in features list 
Alt.2:
· Capture an association between the basic FGs required to be supported and a certain NR-U deployment scenario in the UE features list

Proposal 9: UE features are expressed by functionality-based structure which is similar to Rel.15/16. The scenario specific requirement is specified independently from the UE feature signalling.



Table 1. UE features for each use case
	Feature list based on UE type
	Industrial Sensors
	Video Surveillance
	Wearables

	
	General
	Safety related sensors
	Economic video
	High-end video
	Low-end
	High-end

	Maximum number of (DL) MIMO layers
	1
	1
	1
	1
	1
	2 for FR1;
1 for FR2.

	Tx antenna
	1
	1
	1
	1
	1
	1

	Rx antenna
	2
	2
	2
	2
	2
	2

	Maximum modulation order
	FFS
	FFS
	FFS
	FFS
	QPSK
	64QAM for FR1 DL;
QPSK or 16QAM for FR2 DL.

	Bandwidth
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	UE processing time
	[More relaxed N1/N2]
	FFS
	[More relaxed N1/N2]
	FFS
	[More relaxed N1/N2]
	FFS

	HD-FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Others, e.g. 
	HARQ is baseline
	Repetition is baseline
	Consider BWP framework and CG
Mobility: stationary or low
	Consider power saving features

	
	Consider:
DCI format 0_2/1_2
Small data enhancement including 2-step RACH
Power saving features
	
	



Conclusion
From the above discussion, the following proposals are highlighted:
Proposal 1: For industrial wireless sensor scenarios, two major new types of UEs can be identified for clearer UE categorization, which are general wireless sensors and safety related sensors. To achieve service availability of 99.99%, 
· For general wireless sensors, HARQ is baseline.
· For safety related sensors, repetition is baseline.
· For both types, low MCS level including reduced modulation order is baseline. 
Proposal 2: For PDCCH reliability and flexibility in industry wireless sensor scenarios, DCI format 0_2/1_2 can be considered.
Proposal 3: For industry wireless sensor scenario, small data enhancement including 2-step RACH could be considered for reduced capability UEs. Also, the bandwidth reduction should be considered to fit the traffic packet size. Whether to reuse the legacy initial access channels should also be studied.
Proposal 4: Power saving related enhancement should be considered for industry wireless sensor scenario.
Proposal 5: For video surveillance scenario, a number of parameter sets of packet size and arrival periodicity can be used to characterize the UL periodic traffic model:
· Reference economic video: If the packet arrival periodicity is T ms, the packet size (potential size of MAC PDU or TBS) could be [2,4] Kbits * T.
· High-end video: Similar with the above case, if the packet arrival periodicity is T ms, the packet size could be around [7.5, 25] Kbits * T.
Proposal 6: For video surveillance scenario, BWP framework and CG should be considered to support the service.
Proposal 7: For video surveillance scenario, the assumed UE mobility level could be low or even stationary. Thus, RRM relaxation could be considered.
Proposal 8: Power saving enhancement should be considered for wearable use case. To investigate how the battery life of the device can be extended to 1-2 weeks, traffic model and battery life calculation methodology should be agreed.
Proposal 9: UE features are expressed by functionality-based structure which is similar to Rel.15/16. The scenario specific requirement is specified independently from the UE feature signalling.
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Appendix
Agreements of RedCap UE achieved in RAN1 #101-e meeting:
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 safety related sensors, latency requirements apply to traffic initiated from RRC_CONNECTED.

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

· 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.

· 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.

· 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).


Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· 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.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.


Agreements:
· 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.
Agreements:
· 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 not precluded).
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 Replace the agreement corresponding to Proposal 14 with the following: 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.

	Agreements Replace the agreement corresponding to Proposal 15 with the following: 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 not precluded encouraged).

	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 based on system-level simulation is optional for FR1.
       Note: The simulation assumptions for SLS are up to companies’ reports.
  The evaluation methodology for FR2 is the same as FR1.




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
· Band and duplex mode support: 
· FR1: Operation in a single FDD band or a single TDD band at a time
· FR2: Operation in a single TDD 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: For each complexity reduction technique, the study includes whether the complexity reduction accumulates across RF bands.
Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.

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



Agreements:
The evaluation of performance impacts includes at least peak data rate and, 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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