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In RAN1 #101-e meeting, follow agreements were achieved regarding to the study of UE complexity reduction and performance impacts [1]: 
	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.
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.


In RAN#88e, the RedCAP SID was further discussed and updated as the following [5]
	Revisions for wearables
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Revisions for SI objectives
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In this contribution, we provide our views on the capability and complexity reduction features for RedCap, the principles/framework and definition for UE categories/types for RedCap devices are discussed in our companion contribution [2]. 
2. Discussion on UE complexity reduction
UE complexity reduction is beneficial for RedCap UEs to reduce the device cost, support smaller form factor and reduce the power consumption for longer battery life. Meanwhile, the complexity reduction and specific technique should also take into account the performance and specification impacts, optimizing the tradeoffs. In the following, we will discuss the main complexity reduction features from the perspective of reduced number of UE RX/TX antennas, UE Bandwidth reduction, Half-Duplex-FDD, relaxed UE processing time, relaxed UE processing capability and CA/BWP operation. 
2.1. Reduced number of Rx/Tx antennas and antenna gain
In the last meeting, it was agreed to study two antenna configurations for RedCap UEs: 1Rx/1Tx and 2Rx/1Tx for both FR1 and FR2. In Rel.15, 4 Rx antennas are mandated in the bands of n7, n38, n41, n77, n78, n79, and 2 Rx antennas are mandated for other FR1 bands. For RedCap UEs, it was proposed to relax the number of the Rx antennas in FR1 proportionally, that is for the band of n7, n38, n41, n77, n78, n79, 2Rx is supported; for other FR1 band, 1Rx is supported. To reduce the Rx antennas from 4Rx to 1 Rx, it was concerned about the achieved data rate from the UE side, and DL coverage and the network spectrum efficiency would be degraded compared to the Rx antenna reduction from 4 to 2. However, for wearables, the realistic limitation is the required small form factor. Most of the smart watches in today’s market have only 1Rx and 1Tx and the typical antenna size for watch is about 40-50mm X 3-5mm, which is much smaller than the antenna size for smart phone. In addition, typically a wearable device supports a wide range of frequency bands, and separate antenna and Rx chain is required for bands that has large frequency separations, this will further complicates the product design with form factor limitation. Therefore, it is crucial to allow 1Rx implementation at least for some wearable devices. For devices types that are not very restricted by form factor, 2Rx can be considered. 
From achieved data rate perspective, as shown in [3], single layer transmission with 20MHz BW size is able to provide peak data rate up to 80 Mbps for DL/UL with 64QAM and 40 Mbps UL with 16QAM, it is sufficient for most types of wearables. From the DL coverage perspective, as shown in our companion contribution [4], actually NR networks are more uplink coverage limited. Therefore, the downlink coverage loss would not lead to an overall system coverage loss. To support any type RedCap UEs in a network, there must be some loss in terms of cell spectral efficiency. For wearable with 1Rx, the spectral efficiency may be smaller compared to other RedCap devices. However, given that the access control mechanism will be specified, NW can decide whether to allow such low-end RedCap UE access the network. If necessary, system level simulations can be conducted to check the cell capacity or spectrum efficiency with reasonable assumptions for the cell deployment, UE ratio between reference UE and RedCap UE with 1 Rx, and typical traffic models for wearable and reference UEs. Details of the system level evaluation methodologies can be found in section 2.6.
Observation 1: 
· Due to the requirement of support a wide range of frequency band and form factor limitation, 1Rx is crucial at least for some wearable devices, e.g. smart watch. 
· From the data rate perspective, single layer transmission is sufficient for most of wearable use cases
· The impact of coverage is limited due to reduced Rx as it is shown in the coverage study that NR is UL coverage limited. 
· The impact of system capacify and spectrum efficiency due to reduced Rx can be evaluated, but it can be fully managed by network by access control mechanism 
Proposal 1: Support 1Rx/1Tx for wearables for all FR1 bands. 
2.2. UE Bandwidth reduction
Reduced bandwidth is considered as one potential feature to lower the UE cost. As noted in the SID that Rel-15 SSB bandwidth should be reused and L1 changes should be minimized, it was agreed in the last meeting that for initial access, study at least 20MHz as maximum UE bandwidth for FR1 and study 50MHz and 100 MHz as maximum UE bandwidth for FR2. In addition, it was also clarified in the RAN 88-e meeting [5] that the lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem. Therefore, 20MHz should be supported for initial access in FR1. In addition, it is observed that in FR1, SSB and CORESET#0 uses multiplexing pattern 1 i.e., TDM manner, 20MHz is sufficient to cover all SCS and valid CORESET#0 configurations (e.g. 17.28MHz for CORESET#0 with 96 and 48 RBs @ 15KHz and 30KHz respectively). 
For FR2, both 50MHz and 100MHz were agreed to be further studied as the maximum BW size for initial access. The BW size for SSB in FR2 are 28.8MHz for SCS of 120KHz and 57.6MHz for SCS of 240KHz. The BW size for CORESET#0 in FR2 is 34.56MHz for SCS of 60KHz with 48 RBs and SCS of 120KHz with 24 RBs; and 69.12MHz for SCS of 60KHz with 96 RBs and SCS of 120KHz with 48 RBs; As observed, for receiving SSB, the bandwidth of 50MHz is not enough for SCS of 240KHz. For receiving CORESET#0, 50MHz is also not enough for almost half of the valid CORESE#0 configurations. Furthermore, when the SSB and CORESET#0 in FR2 uses multiplexing patterns 2 and 3, i.e., in FDMed manner, to cover both SSB and CORESET#0, the minimum BW size would be 63.4MHz for CORESET#0 with 24 RBs @ 120KHz SCS; and the maximum BW size would be 129.6 MHz for CORESET#0 with 48 RBs @ 120KHz SCS and SSB@240KHz. Therefore, 50MHz BW size as the maximum BW size for RedCap UE for initial access cannot accommodate many configurations. To support 50MHz, following aspects need to be studied: 
· When the BW size for SSB+CORESET#0 exceeds 50MHz, frequency domain resource allocation between SSB and CORESET#0 for multiplexing patterns 2 and 3 
· If 50MHz is entirely allocated to CORESET#0, retuning is required for RedCap UE to receive SSB 
· CORESET#0 uses interleaved REG to CCE mapping, PDCCH decoding performance when only part of the CCEs is received by the UE 
Therefore, it is desirable to support 100 MHz BW size for RedCap for FR2 during initial access. 
Proposal 2: for initial access, 
· Support 20MHz maximum UE bandwidth for FR1.
· Support 100MHz maximum UE bandwidth for FR2.
For both FR1 and FR2, after initial access, when there is connection set up between the network and UE, it is still preferred and beneficial to configure the UE with smaller bandwidth to further reduce the cost and reduce UE power consumption. As observed in [6], additional 16.5% of cost can be saved from FFT/IFFT, post FFT buffer, receiver processing block, decoding and HARQ buffer when the BW size is further reduced from 20MHz to 10MHz. When BW is reduced, some other aspects need to be considered, as discussed below.
2.2.1. Narrowband operation in a wideband carrier
The reduced capability UEs may include various device types, e.g., industrial sensors, video surveillance and wearables. The amount of RedCap UEs may be great in a cell considering these devices. Since the broadcast channels, e.g. paging, RAR, MSG4 and RRC signaling are transmitted through initial DL BWP, the load of initial DL BWP would be heavier with the increment of camped devices. In addition, PRACH load on initial UL BWP may also be a concern. Methods to offload UEs to frequency resources other than initial BWP can be considered for reduced capability UEs, as shown in Figure 1. The existence and location of secondary initial BWP for RedCap UE camping can be indicated by system information. 
In Rel-15, cell defining SSBs (CD-SSB) are used for synchronization, intra-frequency RRM, RLM and etc., and the CD-SSB is contained in the initial DL BWP for SSB&CORESET#0 multiplexing pattern 1 in FR1. In this case, UE can receive SSBs inside the operating bandwidth without RF retuning. Although UE can be configured to other DL BWPs in RRC connected mode, UE only support the active DL BWP which has SSB fully contained in the BWP bandwidth as mandatory (UE feature 6-1) in Rel-15/16. UE supporting an active BWP without SSB is optional. Therefore, it is reasonable to assume the similar for Redcap UEs so as to keep the implementation complexity low.  
Typically, the network may only transmit SSBs at one frequency part in the system bandwidth. If RedCap UE is offloaded to a BWP without SSB, UE may need to perform RF retuning frequently to receive SSB for synchronization, RRM and RLM, etc. Since the BWP switching delay may be up to 3ms, it may lead to frequent interruption for RedCap UEs, as shown in Figure 2a. On the other hand, if UE is offloaded to a BWP containing SSB, UE can receive SSB within the active BWP without frequent RF retuning, as shown in Figure 2b. However, it may lead to higher overhead since additional SSBs should be transmitted for RedCap UEs. The UE operation as shown in figure 1(a) is not preferred as it is currently optional even for normal UEs with high complexity. 



(a)                                                                                             (b)
[bookmark: _Ref40378380]Figure 1:  Offloading UEs to BWPs other than initial DL BWP
Observation 2: For both IDLE/Inactive and RRC connected modes, if RedCap UEs are offloaded to a different BWP than initial BWP,  it is beneficial from UE implementation perspective to have SSB transmitted in the operating BWP for RedCap UEs.
Besides, due to reduced number of Rx antennas and worse antenna performance, coverage of RedCap UEs is inferior to that of normal UEs, the network may need to transmit the broadcast channel with low coding rate or more repetitions to accommodate the RadCap UEs, and the load in initial BWP would be heavy even if the UE specific transmission is not considered. Therefore, the offloading mechanism would be needed before RRC connection. For example, network can offload the transmissions for RedCap UEs to a separated CORESET#0/initial BWP, which is FDMed with the normal UEs. Besides, specific configurations or mechanisms can be introduced on the separated CORESET#0/initial BWP for Redcap UEs, e.g. for coverage recovery purpose.
Proposal 3:  To support mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
2.3. Half-Duplex-FDD
It was agreed to study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1 with prioritizing Type A. Type A and Type B HD-FDD operation are different from the required switching time for Rx-to-Tx and vice versa. It is noted that HD-FDD operation Type A is supported for LTE Category 1bis and Type B is supported for LTE Category 0 [7]. Therefore, it seems not necessary to support HD-FDD operation Type B for NR RedCap device. In Rel.15, following transition time is defined for a UE that is not capable of full-duplex communication [8]:
	TS 38.211 sub-clause 4.3.2
[…]
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792






From above, it can be seen that for none full duplex operation, the transition time is symbol-level for FR1 and FR2. It is desirable to support the similar level of the guard time for HD-FDD operation A to reduce the specification impacts by avoiding defining new switching time and performance requirements. Besides, to support HD-FDD operation, gNB is required to ensure that a UE is not scheduled simultaneously in the downlink and uplink, similar as the support for NR Rel.15. Although managing the conflict between downlink and uplink for HD-FDD can be implemented as a scheduler constraint, there may exist the case that downlink and uplink transmissions cannot be avoided by scheduler, e.g. contention-based PRACH. Further discussion is necessary on how to handle such case.  
Proposal 4: If HD-FDD operation is to be supported for RedCap NR devices, only consider HD-FDD operation Type A. The transition time and the scheduling restriction defined for a UE not capable of full duplex in Rel-15 can be used as baseline.

2.4. Relaxed processing time/capability
There are two UE processing capabilities defined for Rel-15 UE, i.e., UE processing capability #1 and UE processing capability #2 differing from the processing speed for both DL and UL. UE processing capability #1 is a basic capability while UE processing capability #2 has a tighter requirement than UE processing capability 1. It is noted that even the basic UE processing capability #1of NR is much stringent than LTE. For RedCap devices, the latency requirements are much relaxed for the three use cases. Therefore, it is beneficial to further relax UE processing time to reduce UE processing complexity. Furthermore, slower down the processing time can reduce the UE power consumption in general, one similar example is the cross-slot scheduling specified in Rel-16 UE power saving, where power saving benefit comes from the slower PDCCH processing and avoid unnecessary PDSCH buffering. Therefore, it is necessary to quantify the power saving gain given by a relaxed UE processing time for RedCap UEs. If there is clear benefit from power saving perspective, it is worthwhile to introduce relaxed UE processing time compared to UE processing capability #1 e.g. UE processing capability #0 for RedCap. One possibility would be that UE supporting processing capability#1 can also indicate the support of processing capability#0 so that network can schedule the UE with relaxed timeline to achieve power saving gain. 
Observation 3: Similar to the Rel-16 cross-slot scheduling, relaxed processing time can be considered as a power saving feature rather than a reduced capability feature, which means UE supporting relaxed processing time may also be able to support Rel-15 UE processing capability #1. 
Proposal 5: To study the complexity reduction and power saving gain by further relaxing the UE processing capability. 
Another complexity feature can be reduced for the RedCap UE device is the soft buffer size, which is related to the number of HARQ processes. More HARQ processes requires larger buffer size and it causes more complexity for the UE. In Rel-15 and Rel-16, gNB can configure up to 16 HARQ processes for a UE and all UEs are required to support 16 HARQ processes. For RedCap UEs with low data rate requirements, HARQ process number reduction is a candidate solution to further reduce the UE complexity.
Proposal 6: To support HARQ process number reduction for RedCap UEs.

It was stated in [5] that the lowest data rate and bandwidth capability considered for RedCap should be no less than an LTE Category 1bis modem. The maximum DL and UL data rate for LTE Category 1bis is 10.296 Mbps and 5.16 Mbps [7].  As discussed in section 2.1, single layer transmission with 20MHz BW size is able to provide peak data rate up to 80 Mbps for DL/UL with 64QAM and 40 Mbps UL with 16QAM [3], which is higher than LTE Category 1bis and it is also sufficient to cover the majority of Rel.17 Redcap use cases. Supporting higher modulation order like 256QAM for DL and 64QAM for UL requires stricter requirements for RF component, as well as baseband processing, resulting increased device cost and complexity with no clear use cases. For high-end wearables which require up to 150Mbps and up to 50Mbps for DL and UL, compared to using higher modulation order to meet the data rate, supporting wider BW size than 20MHz is more desirable from the cost and hardware constricts perspective. Therefore, it is proposed that Redcap UE should not be mandated to support 256QAM in DL and 64QAM in UL.  
Proposal 7: Redcap UE should not be mandated to support 256QAM in DL and 64QAM in UL.  

2.5. CA and BWP
In SID, there is a Note 4: This SI should focus on SA mode and single connectivity. So DC is not supported according to Note 4. CA can support higher data rate while introduces more complexity and capability to UE than non-CA. Because RedCap UEs have low data rate requirement and are sensitive to complexity, costs and power consumption, the study on RedCap UEs should focus on single carrier operation.
As discussed in Section 2.2, it is likely that the supported bandwidth for RedCap UEs is 20MHz or smaller, the necessity to support Type A and Type B BWP adaptation [9] for RedCap seems not clear. The basic BWP operation (UE feature 6-1 with single RRC configured BWP) should be the baseline assumption for RedCap UE. Components for UE feature 6-1 consist of:
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

Proposal 8: Single carrier operation should be focused on for RedCap UEs
Proposal 9: Basic BWP operation, i.e. UE feature 6-1 should be the baseline assumption for RedCap UEs.  

2.6. System level evaluation methodologies
As stated in the updated SID [5], system level performance study is required to evaluate the impact to system capacity and spectral efficiency due to the introduction of RedCap users to the NR system. To make the system level evaluation reasonable and comparable, the key methodologies and assumptions should be aligned as much as possible and reflect the realistic deployment scenario. We suggest to consider at least Urban Macro deployment scenario with 2.6GHz TDD band and slot configuration “DDDDDDDSUU”. A certain ratio of indoor and outdoor user should be modeled. A realistic assumption of ratio between RedCap and normal UE in the system shall be taken, in our view, the ratio shall not be higher than 1:1, which means a range of up to 50% of total users in the system are RedCap users. 
Realistic traffic model shall be considered for RedCap users, which is likely to be much sparse than the traffic model for the normal UEs. We suggest to reuse the traffic model as captured in TR38.840, shown below for the evaluation, using FTP traffic model for normal UEs and IM traffic model for RedCap UEs. 

	
	FTP traffic
	Instant messaging

	Model
	FTP model 3
	FTP model 3

	Packet size
	0.5 Mbytes
	0.1 Mbytes

	Mean inter-arrival time
	200 ms
	2 sec

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms




In addition, the performance metric shall be carefully considered for this evaluation. We suggest to use UPT to evaluate the performance impact to normal UEs due to the introduction of RedCap UEs. Furthermore, cell served throughput as used in LAA/NRU study is used as the metric to represent the system capacity, where cell served through put is defined as the total served traffic per cell devided by the simulation time. 

Proposal 10: Realistic evaluation methodologies and assumptions shall be decided for system level evaluation
· Ratio between Redcap and normal UE is not higher than 1:1
· Different traffic models for Redcap (IM traffic for wearables) and normal UEs (FTP traffic)
· Performance metrics: 
· UPT to measure the performance impact to normal UEs
· Cell served throughput to measure the system capacity
[bookmark: _GoBack]
3. Conclusion
This contribution discusses complexity reduction features for RedCap devices. The observations and proposals are summarized as following:

Observation 1: 
· Due to the requirement of support a wide range of frequency band and form factor limitation, 1Rx is crucial at least for some wearable devices, e.g. smart watch. 
· From the data rate perspective, single layer transmission is sufficient for most of wearable use cases
· The impact of coverage is limited due to reduced Rx as it is shown in the coverage study that NR is UL coverage limited. 
· The impact of system capacify and spectrum efficiency due to reduced Rx can be evaluated, but it can be fully managed by network by access control mechanism 
Observation 2: For both IDLE/Inactive and RRC connected modes, if RedCap UEs are offloaded to a different BWP than initial BWP,  it is beneficial from UE implementation perspective to have SSB transmitted in the operating BWP for RedCap UEs.
Observation 3: Similar to the Rel-16 cross-slot scheduling, relaxed processing time can be considered as a power saving feature rather than a reduced capability feature, which means UE supporting relaxed processing time may also be able to support Rel-15 UE processing capability #1. 

Proposal 1: Support 1Rx/1Tx for wearables for all FR1 bands. 
Proposal 2: for initial access, 
· Support 20MHz maximum UE bandwidth for FR1.
· Support 100MHz maximum UE bandwidth for FR2.
Proposal 3:  To support mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
Proposal 4: If HD-FDD operation is to be supported for RedCap NR devices, only consider HD-FDD operation Type A. The transition time and the scheduling restriction defined for a UE not capable of full duplex in Rel-15 can be used as baseline.
Proposal 5: To study the complexity reduction and power saving gain by further relaxing the UE processing capability. 
Proposal 6: To support HARQ process number reduction for RedCap UEs.
Proposal 7: Redcap UE should not be mandated to support 256QAM in DL and 64QAM in UL.  
Proposal 8: Single carrier operation should be focused on for RedCap UEs
Proposal 9: Basic BWP operation, i.e. UE feature 6-1 should be the baseline assumption for RedCap UEs.  
Proposal 10: Realistic evaluation methodologies and assumptions shall be decided for system level evaluation
· Ratio between Redcap and normal UE is not higher than 1:1
· Different traffic models for Redcap (IM traffic for wearables) and normal UEs (FTP traffic)
· Performance metrics: 
· UPT to measure the performance impact to normal UEs
· Cell served throughput to measure the system capacity
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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 TSR 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 +85-50 Mbps in DL and minimum-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). .
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-4 Objective
.4.1 Obijective of Sl or Core part WI or Testing part WI.

The study item includes the following objectives: .
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: .

e Reduced number of UE RX/TX antennas .
e UE Bandwidth reduction .
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized .
e Half-Duplex-FDD .
e Relaxed UE processing time .
e Relaxed UE processing capability .

The study includes evaluations of the impact to coverage, network capacity and spectral efficiency .

Notel: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability
considered should be no less than an LTE Category 1bis modem. .

Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay
tolerant) [RAN2, RAN1]: .

e Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RANT1]. .
e Extended DRX for RRC Inactive and/or Idle [RAN2] .
e RRM relaxation for stationary devices [RAN2] .

Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited,
including [RANT1]: .

e Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. .

o Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna
efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery
of coverage loss due to reduced antenna efficiency is to be limited to 3 dB .

e The study includes evaluations of the impact to network capacity and spectral efficiency .

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]. .

Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87 or later. .
Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured .

Note4: This SI should focus on SA mode and single connectivity| .




