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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the SID [1], for RedCap UEs, the typical uses case are IWSN, video surveillance and wearable. Actually, LTE Cat.1 and Cat.4 UEs are already applied for use cases identified for RedCap UEs. Furthermore, the industry chain and ecosystem for LTE Cat.1 and Cat.4 are well matured. 
In order to achieve the successful NR-based IoT commercialization, it is critically important to provide a performance competitive RedCap device with comparable cost over LTE-based IoT devices (other than LPWN). Therefore, the following are envisioned for Rel-17 RedCap UE: it should strive for achieving upper bound requirements such as peak data rate as given in the SID to cover all use cases with benefits from economy of scales, with cost reduction not only compared to eMBB reference UEs but also comparable with LTE- Cat. 4, without obvious/significant penalty on network performance in terms of coverage, spectrum efficiency and capacity. 
[bookmark: _Ref129681832]In this contribution, the potential complexity reduction features are further discussed with respect to the above as well as specification impacts. Some of the agreements made in RAN1#101-e and RAN1#102-e meetings related to UE complexity reduction for RedCap UEs are listed in Appendix 2. 
On UE bandwidth reduction 
Some agreements about UE bandwidth reduction in RAN1#102-e and RAN1#103-e are listed below:
Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 
Agreements:
· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.
· This maximum UE bandwidth applies to both data and control channels.
· This maximum UE bandwidth is assumed for both DL and UL.
· Complexity analyses with other mixes of bandwidths are not precluded.
The updated SID [1] and the agreements above include that the lowest bandwidth capability is 20MHz in FR1. There were proposals to consider other bandwidth larger than 20MHz, especially for the data transmission after initial access procedure. Following are some analysis if UE bandwidth capability is reduced to more than 20MHz, e.g. 40MHz.
Analysis of UE cost/complexity reduction: The cost impact on RF domain caused by bandwidth reduction can be ignored, thus mainly on baseband domain. According to our cost analysis of bandwidth reduction, with 100MHz bandwidth as reference, for example for FR1 TDD, reducing to 20MHz bandwidth can achieve about 29.8% total cost reduction, while the cost saving value when bandwidth is reduced to 40MHz would be roughly halved. 
Analysis of performance impacts (data rate, spectral efficiency and network capacity): According to the system-level simulation results in our companion contribution [2], the 20MHz UE bandwidth capability with 2 DL MIMO layers can meet the average and peak data rate requirements for all the identified use cases in SID. With the same requirements but larger UE bandwidth, the MIMO layers and/or code rate have to be reduced in order to provide comparable cost as UE with 20MHz bandwidth and 2 MIMO layers in DL, which leads to lower spectral efficiency and thus lower network capacity. This is negative to system performance, and may cause network block if the number of RedCap UEs are large within one cell.
Potential consideration of larger bandwidth capability for RedCap UE is to support CA operation based on a larger configured bandwidth after initial access. However, it would provide little useful functions in practical deployments if limited to intra-band CA. If inter-band CA is assumed, even wider UE bandwidth is required, which leads to RedCap devices with cost closing to the baseline 100MHz bandwidth capability. CA operation would also require UE to support some other capabilities such as simultaneous transmission on multi-CC. From the perspective of satisfying use case requirement and cost efficiency, RedCap UEs’ capability can be restricted on single CC.
Analysis of specification impact and coexistence with legacy UEs: Regarding UE bandwidth reduction, for FR1, there is no obvious specification impact envisioned for UE with DL bandwidth reduced to 20MHz. Accessing to carriers with carrier bandwidth smaller than 20MHz is also possible for such RedCap UEs. For UL, the initial BWP is configured in SIB and not limited to maximum 96 RBs as initial DL BWP. For msg3 and the PUCCH carrying ACK/NACK for Msg4, when frequency hopping is configured, the hopping range determined according to initial UL BWP can be larger than RedCap UE’s bandwidth capability. This would need to be considered for RedCap UEs with any significant level of reduced bandwidth, thus does not seem to have impact on the RedCap UE bandwidth recommendation.

Observation 1: Reducing UE bandwidth to 20MHz for FR1 can provide 
- significant cost reduction 
- the capability of achieving the upper bound data rate requirements, 
- minimized network performance degradation and 
- minimized specification impacts. 
No obvious coexistence issue is envisioned.

Proposal 1: For FR1, single type of UE with bandwidth reduced to 20 MHz for both RF and baseband is recommended for Rel-17 RedCap.


For FR2, 50 MHz UE bandwidth is proposed for study, with either specification impact on initial access procedure or performance degradation in order to minimize the specification changes. Given cost reduction from bandwidth varying from 50MHz~100MHz does not seem to be a sensitive factor for FR2 UEs anymore, while the performance of FR2 UEs may be more concerned, as eMBB UEs in FR2 even today, 100Mhz bandwidth is a best choice for RedCap in FR2.

Observation 2: Reducing to 50MHz UE bandwidth for FR2 may
- cause performance degradation which is sensitive for FR2 or
- lead to specification impact for reading system information. 
The cost reduction by further reducing the UE bandwidth from 100MHz to 50MHz is not significant. 

Proposal 2: For FR2, single type of UE with bandwidth reduced to 100 MHz is recommended for Rel-17 RedCap.

On reduced MIMO layers and number of UE RX/TX antennas
The related agreements about MIMO layers and RX/TX antennas in RAN1#102-e and RAN1#103-e are listed below:
Agreements:
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· 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.
Conclusion:
· The study of reduced number of UE (physical) antenna elements and panels in FR2 is not prioritized in the RedCap study item.
Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.
· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.
Following are some analysis. 
Analysis of UE cost/complexity reduction: The antenna reduction from 4Rx to 2Rx can achieve, for example for FR1 TDD, roughly 23.1% cost saving, including the effect of reduced capability of baseband MIMO layers and number of RF at the frontends. Since some of the components can be shared for multiple antennas (RF chains), such as local oscillator, mixer etc., the cost reduction from 4Rx to 1Rx is not much more than that to 2Rx, i.e. less than further halved. 
One thing needs to be mentioned is that there are benefits of further cost reduction achieved by economies of scales. This would be possible if all RedCap devices can be built based on the same baseband capability of 2 MIMO layers, however not affected by the RF components of different numbers of Rx.  
Analysis of performance impacts (coverage, data rate, network capacity and spectral efficiency): With antennas reduction, the coverage analysis of some channels was discussed in detail in our companion contribution [2]. The observation from link-level simulation results is that 1Rx leads to 3~5dB DL coverage loss compared to 2Rx for PDCCH and PDSCH, respectively. With these coverage loss, 1Rx is not sufficient to meet the peak/average data rate requirement of some use cases in SID with 20MHz bandwidth capability, such as wearables. From system performance perspective, network capacity and spectrum efficiency would suffer from significant degradation. The system-level evaluations show up to 16% SE loss of 1Rx compared with that of 2Rx in the typical RedCap cases (e.g. Urban, 2.6GHz, TDD). 
Analysis of coexistence with legacy UEs: Reduction of number of Rx reduces the UE capability for supporting MIMO. As today across all bands the minimum number of Rx is 2, reducing UE capabilities of MIMO to 2 Rx is still acceptable, similar to some legacy UEs. The consequence of RedCap UEs with 1Rx accessing the network would be either significant performance degradation to legacy UEs due to coexistence need, or may cause network block for RedCap UEs accessing when the number of UEs in one cell is large.
Analysis of specification impacts: Depending on the performance target e.g. peak data rate and coverage recovery, there could be no/marginal specification impacts for UEs with 2Rx (* 20MHz) but there would be specification impact for 1Rx UEs even with larger bandwidth (for coverage/throughput improvement). 

Observation 3: Reducing UE number of Rx as well as number of DL MIMO layers to 2 can provide
- significant cost reduction,
- the capability of achieving the upper bound data rate requirements, 
- minimized network performance degradation and 
- minimized specification impacts. 
No obvious coexistence issue is envisioned. 

Proposal 3: Two MIMO layers for DL and one layer for UL for FR1 is recommended for Rel-17 RedCap.


[bookmark: OLE_LINK72]On Half-Duplex-FDD 
Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
Analysis of UE cost/complexity reduction: For HD-FDD operation, UEs do not need to transmit and receive simultaneously, so the switch can be used to replace duplexer. The switch can bring about 75% cost reduction compared with the duplexer, considering that the number of duplexers is related to number of supported bands. But one more filter will be needed in place of the duplexer, which will bring twice of cost raise for filters. Therefore, the total cost reduction from FD-HDD to HD-FDD is only 2%. On the other hand, from RedCap ecosystem point of view, HD-FDD for RedCap may also mean a separate UE chipset design, which will segment the market and increase the cost of each UE. 
Analysis of performance impacts (data rate, coverage, latency): It is obvious that HD-FDD causes lower data rate and higher latency compared to full-duplex FDD (FD-FDD). The UE cannot use the downlink symbol and guard period for uplink transmission, and vice versa, thereby increasing the latency and PUSCH/PDSCH SINR requirements. There was observation that TR 36.888 stated no coverage loss, which is however not accurate since it was estimated within one subframe without targeting any given average data rate. In other words, to achieve the data rate requirement for a specific use case, HD-FDD causes coverage loss compared with FD-HDD. In order to maintain the similar latency and throughput performance with FD-FDD, larger number of HARQ processes may be required for HD-FDD, which increases the UE buffer occupation and processing complexity.
Analysis of coexistence with legacy UEs: If the network supports both FD-HDD legacy UEs and HD-FDD RedCap UEs, it may complicate the network scheduling. For example, it brings limit on the configuration of some common RS/channels for both legacy and RedCap UEs, since the different common RS/channels of UL and DL can be configured in the same time unit in FD-HDD, but cannot in HD-FDD. The practical use of HD-FDD is also not popular even in LTE Cat.1/Cat.4, given marginal cost reduction it can provide and significant impact on network it leads to. For NR, there is consideration of coexistence with URLLC UEs which have UL cancelation capabilities. As some eMBB UEs may also support UL cancelation and there is URLLC use case i.e.  IWSN identified for RedCap, this is also a scenario that likely occurs.
Analysis of specification impact: As defined in LTE, for Type A HD-FDD operation, UE creates a guard period by not receiving the last part of a downlink subframe immediately preceding an uplink subframe. In NR, due to more flexible frame structure, the guard period may be defined as the last part of slot/subframe before UL transmission if there is DL transmission in that slot/subframe, or just specific number of symbols. Depending on the capability of switching gap and coexistence scenarios, there can be some specification impacts during initial access and after RRC connection.

Observation 4: There is no/marginal cost reduction by applying HD-FDD but reduced performance compared to HD-FDD UEs in terms of UE data rate, coverage, latency and throughput. 
The lack of HD-FDD UEs in practical scenario may cause coexistence issue with existing eMBB UEs/future URLLC UEs, especially if the RedCap UEs are to be implemented in e.g. IWSN. 
Depending on the switching gap and scenario, there can be some specification impacts during initial access and after RRC connection.

Proposal 4: Both Type A and Type B HD-FDD are not further pursued for Rel-17 RedCap.


On relaxed UE processing time 
In the SID [1], relaxed UE processing time is identified as one of the potential UE complexity reduction feature. Since the typical scenarios for RedCap UEs are stationary or low mobility, the requirement on latency and data rate are significantly decreased compared to legacy NR UEs. Moreover, the current processing capability 1 shortens almost six times than LTE processing time. 
Therefore, the UE processing time designated to consider for eMBB and URLLC are very stricter for RedCap UEs. Comparing to RedCap UE’s traffic requirements, relaxation on UE’s processing time is very beneficial for cost/complexity reduction. 
Relaxing UE’s processing time not only aims at the relaxation of N1/N2 for PDSCH processing time (N1) and PUSCH preparation time (N2), also aims at the relaxation of CSI computation time (Z/Z’). 
Relaxed UE processing time for PDSCH & PUSCH
Analysis of UE cost/complexity reduction: As illustrated in [3], PDSCH processing procedure consists of FFT, channel estimation, demodulation, decoding and UL feedback processing for slot-based scheduling. Moreover, for non-slot based scheduling, PDCCH processing time was further considered when specifying N1. Similarly, UE PUSCH preparing time consists of the time for PDCCH processing, coding, modulation and PUSCH FFT. 
With double relaxed UE processing time, the UE complexity/cost will be reduced due to:
a) reduced parallel processing and nearly halved processing units for the hardware pipeline requirement,
b) reduced requirement of processing resources on e.g. CPU or chip area,
c) relaxed decoding time for LDPC decoding, DL control processing and decoder, and
d) less on-chip memory.
The hardware cost/complexity reduction for doubled N1 and N2 compared with capability 1 brings about 21.5% cost saving for baseband, and more than 12.9% cost saving in total. Considering the impact on data rate, coverage and spectrum efficiency, the receiver chains may not be reduced. 
[bookmark: _GoBack]Analysis of power consumption reduction: The relaxed processing time may also decrease the power consumption as evaluated in UE power saving in NR Rel-16 [5]. A UE with a relaxed timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power, so longer active time will have limited effect on the power saving gain. In addition, the UE processing time is only part of the entire time for UE to keep active. Therefore the overall power consumption will still be reduced. 
Analysis of performance impacts (latency, spectral efficiency and scheduling flexibility): For use cases such as IWSN and video surveillance, doubled UE processing time has no latency impact. For safety related sensors use cases, coexistence with URLLC UEs need to be considered to ensure consistent high reliability and low latency requirement (even not exactly the same level). From system perspective, larger SCS or some other features such as configured grant transmission are likely to be used thus latency can also be met without increasing UE complexity.
There will be no impact on spectral efficiency or network capacity, since gNB can schedule other UEs during the UE processing time. 
The doubled N1/N2 timeline may not complicate the scheduler much, since NR is capable of supporting a large range of scheduling offsets and this can also be handled by proper network scheduling, especially considering the RedCap traffic is normally low-load.
Analysis of coexistence with legacy UEs and specification impacts: For Redcap, it is beneficial to early identify RedCap UEs via Msg1/A for access control purpose. It also has the benefits of minimizing the impact of RedCap UEs on legacy UEs during initial access procedure due to e.g. smaller initial UL BWP. In this case, the network can schedule RedCap UE and legacy UE respectively with different processing capability. 
Analysis of specification impacts: In NR, available values for the scheduling offsets of K0/K1/K2 already have a wide range, e.g. 0~32 slots. No obvious specification impact is envisioned except for introducing new corresponding doubled minimum processing time requirements. 

Observation 5: Double N1/N2 compared to existing capability#1 can 
- bring about 12% cost saving for FR1 and power saving, 
- with the capability of meeting latency requirements in relevant use case deployments, and
- have no loss on the network performance of efficiency/capacity and scheduling flexibility.
No obvious specification impact and coexistence issue is envisioned with early identification of RedCap UEs. 

Proposal 5: Double N1/N2 is recommended for Rel-17 RedCap.



Relaxed UE CSI computing time
Analysis of UE cost/complexity reduction and power saving: The relaxed UE processing time should also consider the CSI report related complexity, including UE PDCCH processing, CSI computation and UL report processing. Relaxed UE CSI computing time can help to reduce the complexity for control plane, the complexity for CSI measurement and computation, reduce the complexity for beam measurement and computation, the demand on processing resources and the chip area. 
There may have some overlapped components when considering relaxing CSI computing time and N1/N2. Depending on the specific implementation, relaxing CSI computing time can still obtain further cost/complexity reduction on top of relaxing N1/N2, for example assuming doubled Zref and Z'ref, about 8% cost saving for baseband, and 5% cost saving in total. 
Similarly the analyses in the relaxed N1 and N2, relaxed CSI computing time can also be beneficial for power saving.
Analysis of performance impacts: The CSI computing delay requirement 1 has many restrictions when applying, such as using up all CPUs and only supporting a single CSI report with wideband frequency-granularity, etc., which is aimed for very fast CSI feedback for latency sensitive scenarios, e.g. URLLC 1ms latency requirement when defined in R-15/16. For RedCap UEs even in IWSN, such lower latency is not required. Also for the stationary UEs in use cases such as IWSN and video surveillance, the channel changes slowly, thus fast CSI feedback or A-CSI may not be useful anyway. 
Moreover, for RedCap UEs, the baseline UE bandwidth capability of RedCap UEs is 20MHz. For the use case of Z1, Z’1 defined in CSI computing delay requirement 1, only wideband frequency-granularity CSI report will be reported with wideband PMI or without PMI report. Therefore, frequency diversity gain will be lost for gNB scheduling based on the wideband CSI report. Similarly, wideband frequency-granularity CSI report will be reported for the use case of Z1, Z’1 defined in CSI computing delay requirement 2. With the above analysis, use case of Z2, Z’2 defined in CSI computing delay requirement 2 is more typical and useful for RedCap UEs.
The relaxed CSI computing time therefore would have marginal impact due to the relative static radio condition for RedCap UEs. 

Observation 6: Doubled CSI computation time Z and Z' can
- provide 5% cost saving in total on top of doubled N1/N2 and, 
- have no performance impact in relevant RedCap use cases.  

Proposal 6: Doubled CSI computation time is recommended for Rel-17 RedCap, or A-CSI report is optionally supported for RedCap UEs.


In additional to CSI computing time, other aspects for CSI report complexity relaxation can also be considered, such as reducing maximum configured CSI resources, reducing the number of ports in a CSI-RS resource, etc.  

On relaxed UE processing capability 
Limit on max modulation scheme may also be helpful to reduce power consumption and the complexity of UEs’ implementation, e.g. support 64QAM as mandatory capability, 256QAM as optional capability. However, limited MCS too much, e.g. to 16QAM may decrease the peak data rate of RedCap UE such that the requirement of use cases is not met. Moreover, the evaluation results in our companion contribution [2] show 43.6% spectrum efficiency loss due to 16QAM compared with 64QAM.

Observation 7: Limiting the maximum modulation order to 16 QAM brings significant spectrum efficiency reduction compared to limiting to 64 QAM and further reduces the peak data rate. The cost reduction from that is marginal.

On the maximum transport block size (TBS), NR uses calculation based approach for the determination of max TBS. The maximum TBS support for RedCap thus can be obtained based on e.g. 20MHz bandwidth, 0.925 code rate (948/1024), 64QAM, and 2 layers for DL and 1 layer for UL. Besides, restricting the number of PRBs in scheduling or restricting the maximum modulation order may also be beneficial to complexity reduction.
Reduction of maximum HARQ process number is not needed, considering that NR has been designated to decouple the RV from soft buffer size, thus HARQ process partition can be up to UE implementation. 

Proposal 7: On relaxing UE processing capability, reducing the maximum TBS by limiting the maximum modulation order to 64QAM is recommended. 


On other features 
To achieve better uplink coverage, the SUL defined in Rel-15 and Rel-16 can be also considered for Rel-17 RedCap. The link-level evaluation in [2] shows the SUL can achieve 10~13 dB coverage gain with different uplink channels and target data rates, while UL cannot meet the MCL target with 1Mbps target data rate of PUSCH. So SUL can be utilized for Rel-17 RedCap to achieve better uplink coverage. Support SUL does not directly increase the UE baseband cost, as the UE only work on one band at a given time.

Proposal 8: Support of SUL can be recommended for Rel-17 RedCap to achieve better uplink coverage and data rate.


Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Through the analysis in this contribution, we have the following recommendations for Rel-17 RedCap and observations that can be considered for the TR:
Proposal 1: For FR1, single type of UE with bandwidth reduced to 20 MHz for both RF and baseband is recommended for Rel-17 RedCap.
Proposal 2: For FR2, single type of UE with bandwidth reduced to 100 MHz is recommended for Rel-17 RedCap.
Proposal 3: Two MIMO layers for DL and one layer for UL for FR1 is recommended for Rel-17 RedCap.
Proposal 4: Both Type A and Type B HD-FDD are not further pursued for Rel-17 RedCap.
Proposal 5: Double N1/N2 is recommended for Rel-17 RedCap.
Proposal 6: Doubled CSI computation time is recommended for Rel-17 RedCap, or A-CSI report is optionally supported for RedCap UEs.
Proposal 7: On relaxing UE processing capability, reducing the maximum TBS by limiting the maximum modulation order to 64QAM is recommended. 
Proposal 8: Support of SUL can be recommended for Rel-17 RedCap to achieve better uplink coverage and data rate.

Observation 1: Reducing UE bandwidth to 20MHz for FR1 can provide 
- significant cost reduction 
- the capability of achieving the upper bound data rate requirements, 
- minimized network performance degradation and 
- minimized specification impacts. 
No obvious coexistence issue is envisioned.

Observation 2: Reducing to 50MHz UE bandwidth for FR2 may
- either cause performance degradation which is sensitive for FR2 or
- lead to specification impact for reading system information. 
The cost reduction by further reducing the UE bandwidth from 100MHz to 50MHz is not significant. 

Observation 3: Reducing UE number of Rx as well as number of DL MIMO layers to 2 can provide
- significant cost reduction,
- the capability of achieving the upper bound data rate requirements, 
- minimized network performance degradation and 
- minimized specification impacts. 
No obvious coexistence issue is envisioned. 

Observation 4: There is no/marginal cost reduction by applying HD-FDD but reduced performance compared to HD-FDD UEs in terms of UE data rate, coverage, latency and throughput. 
The lack of HD-FDD UEs in practical scenario may cause coexistence issue with existing eMBB/URLLC UEs in future, especially if the RedCap UEs are to be implemented in e.g. IWSN. 
Depending on the switching gap and scenario, there can be some specification impacts during initial access and after RRC connection.

Observation 5: Double N1/N2 compared to existing capability#1 can 
- bring about 12% cost saving for FR1 and power saving, 
- with the capability of meeting latency requirements in relevant use case deployments, and
- have no loss on the network performance of efficiency/capacity and scheduling flexibility.
No obvious specification impact and coexistence issue is envisioned with early identification of RedCap UEs. 

Observation 6: Doubled CSI computation time Z and Z' can
- provide 5% cost saving in total on top of doubled N1/N2 and, 
- have no performance impact in relevant RedCap use cases.

Observation 7: Limiting the maximum modulation order to 16 QAM brings significant spectrum efficiency reduction compared to limiting to 64 QAM and further reduces the peak data rate. The cost reduction from that is marginal.
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Appendix 1 – Updated Objectives in SID
	The study item includes the following objectives:
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
Note1: 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]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· 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
· 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.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity



Appendix 2 – Agreements related to UE complexity reduction in RAN1#101-e and RAN1#102-e
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.
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 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: 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:
· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR1 UE is assumed to be 40:60.
· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR2 UE is assumed to be approximately 50:50.
Conclusion:
· The study of reduced number of UE (physical) antenna elements and panels in FR2 is not prioritized in the RedCap study item.
Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 
Agreements:
· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,
· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS
Agreements:
· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.
Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.
· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.
[bookmark: _Hlk49349911]Agreements:
· Assume the detailed cost breakdown for FR1 FDD/TDD and FR2 in the table below:.

	Functional block
	FR1 FDD (2Rx)
	FR1 TDD (4Rx)
	FR2

	RF

	Antenna array for FR2
	
	
	~33%

	Power amplifier 
	~25%
	~25% 
	~18%

	Filters
	~10%
	~15%
	~8% 

	RF transceiver
(including LNAs, mixer, and local oscillator)
	~45% 
	~55%
	~41%

	Duplexer / Switch
	~20%
	~5%
	~0%

	Baseband

	ADC / DAC
	~10%
	~9%
	~4%

	FFT/IFFT
	~4%
	~4%
	~4%

	Post-FFT data buffering
	~10%
	~10%
	~11%

	Receiver processing block
	~24%
	~29%
	~24%

	LDPC decoding
	~10%
	~9%
	~9%

	HARQ buffer
	~14%
	~12%
	~11%

	DL control processing & decoder
	~5%
	~4%
	~5%

	Synchronization / cell search block
	~9%
	~9%
	~7%

	UL processing block
	~5%
	~5%
	~7%

	MIMO specific processing blocks
	~9%
	~9%
	~18%



Agreements:
· In potential cost evaluations for a UE, it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly.
· In the TR, at least include a qualitative statement; relevant numerical results can also be considered.
[bookmark: _Hlk49419066]Agreements:
· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.
· This maximum UE bandwidth applies to both data and control channels.
· This maximum UE bandwidth is assumed for both DL and UL.
· Complexity analyses with other mixes of bandwidths are not precluded.

