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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The RedCap SI [1] is due to finish in RAN1 in December 2020, with the endorsed guidance from RAN#89 that the potential follow-on WI will need a very well defined tight scope [2]. That leaves this single RAN1 meeting to complete the entire analysis of the complexity reduction feature(s) that may be included in the WID. This analysis is more than just the complexity estimates, it also includes specification impacts, performance evaluations, as well as explaining how to serve both “normal” and RedCap UEs in the same network. 
The techniques agreed to be studied (or studied with priority) are:
· Reduced maximum UE bandwidth (20MHz in FR1, 50MHz and 100MHz bandwidth in FR2)
· Applies to RF/baseband/data/control/UL/DL
· 1RX and 2RX antenna configurations
· HD-FDD type A
· A doubled UE processing time in terms of N1/N2 compared to capability #1
· Restriction to 1 or 2 MIMO layers in DL
· Maximum mandatory modulation of 64QAM (instead of 256QAM) and 16QAM (instead of 64QAM) as applicable in FR1/FR2/DL/UL
To state the obvious, in order to be able to finish in time the GTW sessions and feature lead surveys should focus on completing the analysis on this (long) list of techniques, rather than adding other techniques or options that had limited support in past meetings.
In addition to the analysis on the individual techniques, RAN1 may provide complexity estimates of some combinations of individual features. When selecting combinations of features and possible recommendations from the SID for the “tight scope” potential follow-on WID, we should keep in mind that:
· There is no specific cost/complexity target
· L1 changes should be minimized
· The number of device types should be minimized to reduce market fragmentation, and introduced only if essential for differentiation between RedCap and non-RedCap UEs [3, see RAN2]
This paper analyses the individual complexity reduction techniques, as well as a few combinations. Where appropriate, the study of low-cost MTC UEs [4] is referenced. The use case specific requirements from the SID [1] are provided in Appendix A. The agreements from RAN1#101-e on the reference NR device for cost/complexity are provided in Appendix B.

Analysis of potential UE complexity reduction features
Detailed cost breakdowns for FR1 FDD (2rx), FR1 TDD (4rx) and FR2 (2rx) were agreed in RAN1#102-e, based on the TR 36.888 methodology [4], with the template for collecting results agreed by email after the meeting. This paper includes the total cost savings for the techniques, with the detailed cost estimates in the accompanying spreadsheet.
Here we briefly discuss three other general points, before looking at the individual techniques.

Cost estimate disclaimer 
In RAN1#101-e we agreed to use the TR 36.888 methodology as a starting point, which includes a disclaimer on the cost/complexity estimates:

NOTE: 	This study assesses, from a 3GPP standpoint, the technical feasibility of low-cost LTE devices for MTC. 
Given that factors outside 3GPP responsibility influence the cost of a modem/device, this study item (and the text above) cannot guarantee, or be used as a guarantee, that such modem/device will be low-cost in the market.

In the RAN1#102-e, it was proposed to add a similar disclaimer to the TR, stating that the estimates are rough, that they do not account for design costs or economies of scale, do not account for components present in real devices like displays, and cannot be used to guarantee low-cost in the market. Most companies were OK for an updated disclaimer for RedCap, with a couple companies not recalling the 36.888 disclaimer and a couple more pointing out that the disclaimer could be discussed next meeting.
At least the same disclaimer should be included in the RedCap TR, which is needed to avoid the appearance that 3GPP is setting prices. It is also accurate and informative to add that design costs, economies of scale, and other components are not considered. The “factors outside 3GPP responsibility” could be expanded with “(such as design costs, other components, economies of scale, etc.)”. The exact wording can be left to the rapporteur. 
Proposal 1: 
· Add a disclaimer to the TR starting with that in TR 36.888
· Exact wording can be proposed by the rapporteur

RF savings across bands
In RAN1#102-e, the following agreement was made.
Agreements:
· [bookmark: _Hlk53123145]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.

Based on this agreement, the rapporteur will include the qualitative statement “it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly” in the RedCap TR. (no additional agreement necessary)
In the complexity template, for each individual technique there is a Y/N question:
Do RF savings accumulate across supported bands? (Y/N)
The intent of such a question is to include additional statements for each technique, such as “The majority of companies believe that the RF savings accumulate across supported bands” (or not). However, if the discussions have difficulty to converge, the general qualitative statement is enough. RAN1 can anyway already use this assumption when deciding on combinations or recommendations, and RAN can take it into account when including techniques in the WI.

Statement on device size
In RAN1#101-e, it was agreed that:
Agreements:
· [bookmark: _Hlk53068013]Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.

The discussion on such a statement for antenna reduction became controversial and was not agreed, in part because it seemed that some companies may be interpreting the SID to mean that the “1R” technique must be supported for size reduction, regardless of any of the actual analysis in the study. This is obviously not the case, since
(a) There is no objective for size reduction in the SID
(b) There is no “free lunch” for any technique allowing it to bypass the study and evaluations
There is a statement in the justification of the SID that says:
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
However, “normal” NR can of course be used in a sensor, wearable, or other “compact” form factor or device that is small in size. We would not agree to any statement that a RedCap technique must be supported in order to have a compact form factor, as that is a misleading message for 3GPP NR from Rel-15. So while we are still fine to include a statement in the antenna reduction (which is now an individual technique separate from MIMO layer reduction) that there may be benefits to make devices smaller in some FR1 bands, there should be an accompanying statement that there is no implication that NR cannot be used in a compact or small form factor. If this is still controversial, since the agreement was a “can be mentioned” and we already agreed not to quantify size in RAN1, we can skip spending time on the statement.

Reduced number of UE Rx/Tx antennas
In RAN1#101-e, the following was agreed for the antenna reduction study.
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.

In RAN1#102-e, it was agreed to study restriction to 1 or 2 MIMO layers as a relaxed processing capability. For ease of analysis, during the template discussion it was agreed to analyze antenna reduction and processing reduction as individual techniques. Combinations of techniques (e.g., 1RX/1TX and two layers, 2RX/1TX and single layer) can be analyzed after the individual analysis. One motivation given for separately considering the techniques is that a UE manufacturer may produce a single 2 MIMO layer baseband design and use it in different bands which could have different number of antennas. The UE may also support multiple bands and use a single baseband processor.
To simplify the cost analysis, components are either counted as “antenna reduction” or “MIMO layer reduction”. For performance analysis, single layer transmission is evaluated in any case.
For general deployments in FR1, 2Rx/1Tx (with antenna switching) is preferred. It is FFS if 1Rx/1Tx should be recommended for some low frequency deployment for size considerations, or for scenarios where range is not an issue (e.g., wearables). For size considerations, only antenna reduction (not MIMO layer reduction) may provide some benefit. However, as noted above, NR (from Rel-15) can support a compact form factor.
Analysis of UE complexity reduction: The cost saving is in RF and baseband, and will partly accumulate over multiple bands. More benefit from the technique is expected in FR2, due to ratio of RF to baseband.
	Configuration
	2RX to 1RX
	4RX to 2RX
	4RX to 1RX

	FR1 FDD
	24.8%
	
	

	FR1 TDD
	
	28.6%
	42.1%

	FR2 TDD
	29.7%
	
	



Analysis of performance impacts: There will be a DL coverage loss from 4Rx2Rx1Rx. One way to limit losses is to only recommend 4Rx 2Rx or 2Rx  1Rx, rather than 4Rx  1Rx. In this case the losses in terms of maximum coupling loss (MCL) are expected to be in the 4-6dB range depending on channel conditions.  The losses are slightly higher for MIL (maximum isotropic loss) and MPL (maximum path loss) and in the order of 7 to 8 dB. Spectral efficiency will be reduced from having to use more robust MCS, repetitions, or other coverage recovery functionality. Transmissions may take longer, depending on the traffic and other users in the system. Peak data rate will be reduced when fewer spatial layers are supported.
NOTE: The minimum antennas per band was very carefully selected for NR as the best choice for the system. Similar care should be taken with RedCap devices that will exist in the same system as “normal” UEs. In particular, traffic profiles optimized for multi-year battery life and power savings may not accurately represent worst-case (or even typical) future use patterns of these devices.
Analysis of coexistence with legacy UEs: There will be impacts from random access, either from using conservative transmission OR from early identification and handling of different UE types (e.g., partitioning the PRACH preamble space). There may be blocking impacts if RedCap UE need to use higher aggregation levels for PDCCH reception.
Analysis of specification impacts: Vehicular UEs already may use 2Rx. The impacts may be mainly in RAN4, but may be substantial.

Observation 1: For antenna reduction:
· In bands which require 4R, 1R will suffer substantial performance loss

UE Bandwidth reduction
In RAN1#101-e, the following was agreed for the antenna reduction study.
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

Subsequently, at RAN#88-e it was confirmed that UEs must support at least 20MHz bandwidth (same as a category 1 bis LTE UE), and the data rates for the use cases are “soft” targets (e.g., “up to” 150Mbps on the DL). In RAN1#102-e, the following was agreed.
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. 

[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.

In RAN1#102-e, all responses indicates no “issue or a necessity”, with no consensus on any specific conclusion wording. The “up to” requirement was also discussed again at RAN#89-e, and deemed sufficiently clear (no update). The difficulty in finding conclusion wording stems from company positions on introducing UE types or categories. Given the views expressed in RAN1 and the RAN2 decision to minimize device types to reduce market fragmentation, an appropriate conclusion could be:
Proposed Conclusion: 
· No UE type will be specifically introduced due to the data rate of 20MHz and rank 1 transmission.
· NOTE: No other implication on the device type discussion or whether or not RedCap devices support a restriction to rank 1.
The proposed conclusion above avoids formulations which may imply more than one UE type such as “all the RedCap UEs”, avoids the discussion on whether or how “up to” 150Mbps is met (such as with optional features), and avoids making a statement about complexity reduction techniques. So it should be OK for those that do not want to support UEs restricted to rank 1, who do support UEs restricted to rank 1 and feel the data rate is good enough OR that optional features can be used for increasing the data rate. It is aligned with the RAN2 decision. However, if there is still concern, a conclusion here is not needed, and we can just continue to focus on completing the analysis for the baseline 20MHz RedCap UE in FR1.
With regards to other non-baseline RedCap UEs, 36.888 looked at some combinations where the UL and DL BW or the RF or baseband BW or the data and control BW were not equal. The LTE study concluded without recommending such operation, so for NR there is no full study and just complexity analysis not precluded. For FR1, the minimum capability of category 1b applies to RF, baseband, UL, DL, data, and control. Therefore the complexity estimate of e.g. 20MHz DL and 100MHz UL can be considered, as most of the cost reduction is from the reduced DL bandwidth. Given the limited time left in the NR study, in this paper we focus on the baseline of 20MHz for FR1, even after initial access. For simplicity, the same bandwidth is assumed also for FR2 the same assumption is made (either 50 or 100MHz, for DL/UL/baseband/RF etc).
Analysis of UE complexity reduction: About ~30% cost/complexity reduction is expected for 100MHz to 20MHz in FR1. The cost of some components cost may roughly scale with bandwidth, while other components may only be reduced so much regardless of the exact reduced bandwidth value. Less benefit from the technique is expected in FR2, due to ratio of RF to baseband. The reduction is primarily in baseband (as seen also in 36.888) and would not accumulate over multiple bands. Most of the cost reduction is from the reduced DL bandwidth.
	Configuration
	20MHz (FR1)
	100MHz (FR2)
	50MHz (FR2)

	FR1 FDD
	32.0%
	
	

	FR1 TDD
	31.6%
	
	

	FR2 TDD
	
	16.9%
	22.9%



For FR1, 20MHz UE designs are relatively stable and not expected detract from industry efforts on “normal” 100 MHz NR UEs. For FR2, it may be too early to fragment design efforts and take away from the economy of scale for the “normal” 200 MHz NR UE.
Analysis of performance impacts: FR2 with 50MHz will suffer in initial access as the bandwidth is less than that used for synchronization and broadcast information (57MHz), and impact PDCCH as sizes will be limited. One of the issues is for obtaining the RMSI. The UE has to monitor Type-0 PDCCH CSS sets. For FR2 (e.g., with a SCS of 120 kHz for SLSS and 120kHz for PDCCH), there are CORESET indexes with 48 PRBs in the CORESET, corresponding to a bandwidth of 69 MHz, much larger than 50MHz. This could result in a e.g. ~2dB performance degradation. For RMSI PDSCH, the RMSI may not be aligned within the initial DL BWP (c.f. [5]) which could cause even more degradation. This implies that with 50MHz maximum bandwidth, the procedure for obtaining RMSI would have to be modified, or the number of possible CORESET indexes would have to be reduced. Performance degradation will translate into additional latency for initial access. Note that for 100 MHz bandwidth, there is no such issue, and the Rel-15 procedure for obtaining RMSI  can be used as is.
Peak data rate is substantially impacted by bandwidth reduction, particularly on the DL in FR1 when combined with a single spatial layer restriction. For 20MHz, the downlink peak data rates for FR1 are in the Table per 38.306 section 4.1.2 and 38.101-1. Here it is clear that the peak data rate requirements are satisfied with 20MHz bandwidth for all use cases even with a single spatial layer as e.g. 113 Mbps is sufficiently close to the soft target for wearables of “up to” 150 Mbps.
Table: Peak data rates for FR1 for 20MHz bandwidth
	Modulation and Layers
	15kHz SCS
	30kHz SCS
	60kHz SCS

	64QAM^
2 layers
	170 Mbps
	164 Mbps
	154 Mbps

	256QAM
1 layer
	113 Mbps
	109 Mbps
	103 Mbps

	64QAM^
1 layer
	85 Mbps
	82 Mbps
	77 Mbps


^256QAM is mandatory with capability, 64QAM is shown in case IODT is not complete

Analysis of coexistence with legacy UEs: The performance impacts or limitations of PDCCH/search space and random access for FR2 50MHz will impact legacy UEs. For Type0-PDCCH monitoring, a Redcap UE cannot monitor all the PRBs for all the CORESET indexes. Two initial access procedures will have to coexist: one for ‘regular’ UEs, one for RedCap UEs. The scheduler will need to handle multiple UE types. Narrowband transmissions may impact contiguous resource allocations and peak data rates available for non-RedCap UEs.
Analysis of specification impacts: Some limitations may need to be captured as UE behavior, such as not expecting resource allocations exceeding the number of PRBs corresponding to e.g. 20MHz. Some limitations or modifications may also need to be captured for FR2 50MHz e.g for multiplexing or retuning. As the SID indicates L1 changes should be minimized, no effort should be spent to optimize or create new MCS tables for RedCap.
In previous meetings, significant time was spent in GTW and FL surveys related to 50MHz in FR2. After discussions and analysis, in RAN1#102-e fully half of survey respondents felt no more time should be spent on 50MHz for FR2. The additional cost reduction for 50MHz over 100MHz is ~10% or less. Given there are performance degradations and the likelihood that RAN1 will not be able to reach consensus that there are NO specification or system impacts, the remaining study should focus on 100MHz if reduced bandwidth is to be supported for FR2.

Proposal 2: 
· 100MHz bandwidth reduction is recommended for RedCap FR2 UEs
· No combinations of techniques with 50MHz FR2 will be investigated

  
Half-Duplex FDD
In RAN1#101-e, the following was agreed for half duplex.
Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

A half-duplex FDD UE can reduce cost over a full-duplex FDD UE by simplifying the RF implementation and not requiring a duplexer. A switching time needs to be defined, and the scheduling is generally more complicated at the gNB. In general, coverage is not impacted, and power consumption is improved. [2] 
Analysis of UE complexity reduction: A small cost/complexity reduction is expected compared to FDD, from not needing a duplexer. The complexity reduction will accumulate over multiple (FDD) bands. For Type B, the intent is to allow a UE implementations with a single oscillator for Tx and Rx frequency generation by introducing significantly longer DL-to-UL and UL-to-DL guard periods.. The additional cost benefit of Type B is estimated at an additional 1.8%, at a substantial standards and design cost. The half-duplex FDD technique is not applicable to TDD.
	Configuration
	Half-Duplex FDD (Type A)

	FR1 FDD
	6%

	FR1 TDD
	N/A

	FR2 TDD
	N/A



Analysis of performance impacts: There will be impacts to sustained data rates on the downlink and uplink, as well as impacts to latency. Traffic with less switching back and forth will see less impact, but all applications will have some sort of bi-directional traffic (at least for feedback) so these statements should not be qualified…the “normal” case is impact, and the exception case would be an application with no switching. The “allowed” applications for RedCap will not be qualified to DL only or UL only. .
Analysis of coexistence with legacy UEs: The scheduler to handle both full and half duplex devices at the same time will be more complex, and there may be instances of e.g. collisions of expected transmissions from different UEs. 
Analysis of specification impacts: Specification work is required in RAN4 for switching time, applicable bands, and performance requirements. Efforts should be made in RAN1 to minimize specification changes for HD-FDD support.
The half-duplex technique is a difficult one to decide whether or not to recommend for RedCap. The main argument for it is that we have it in LTE, where it could be useful for MTC. However, RedCap is targeting more diverse services and more frequency bands than LTE MTC. As a cost-reduction study objective, a 8% reduction only for FDD (not the main NR target band) only for some traffic does not seem like a good fit for a “tight scope” WI. It may be better to consider HD FDD in a later release as part of optimizations for a NR “LPWA” replacement for LTE MTC.

Relaxed UE processing time
In RAN1#101-e and RAN1#102-e, the following was agreed for processing time.
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:
· 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.

[bookmark: _Ref129681832]Analysis of UE complexity reduction: For some applications latency could be relaxed and processing time increased. This could for example allow the design of a new less complex channel decoder. The complexity reduction will not accumulate over multiple bands. The technique will not be applicable to all RedCap applications, such as safety sensors and perhaps some wearables services.

	Configuration
	Doubled processing time

	FR1 FDD
	4.5%

	FR1 TDD
	4.1%

	FR2 TDD
	3.8%



NOTE1: The gains for processing time for e.g. channel decoding are not very significant when taken on top of channel decoding complexity reductions from other techniques such as BW reduction and MIMO layer reduction. The overall additional benefit to cost reduction is ~1-2% in this case, rather than ~4% for the individual technique.
NOTE2: With CSI computation relaxation, some additional gain may be achieved from the MIMO specific processing blocks.
Analysis of performance impacts: There will be impacts to sustained data rates on the downlink and uplink. There may not be significant impacts to coverage.
Analysis of coexistence with legacy UEs: As has been seen in the URLLC work, multiple timelines can be very complicated to specify and handle. 
Analysis of specification impacts: Significant effort is expected for new processing times, both to get agreements from all manufacturers and for the specifications.

Given the negligible gains, significant expected efforts, and potential for market fragmentation, this technique is not recommended.
Proposal 3: 
· A more relaxed UE processing time in terms of N1/N2 compared to capability #1 is not a recommended RedCap technique

Relaxed UE processing capability
In RAN1#102-e the following was agreed for relaxed UR processing capability.
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.

This is a substantial number of techniques to completely evaluate in a single meeting. There were other proposed techniques (there were about 15 of these) that had limited support in previous meetings. One of the techniques (reduced HARQ processes) with very limited support received significant GTW time in RAN1#102-e, including proposals from the chair to reduce the overall HARQ memory as a compromise. This technique offers very limited benefit (less than 1%) on top of bandwidth reduction and other techniques, is baseband only, adds scheduler restrictions, and promotes market fragmentation. None of these techniques with limited support should take GTW or FL survey time in RAN1#103-e.

Relaxed UE processing capability: MIMO layer restriction
As discussed above, in RAN1#102-e, it was agreed to study restriction to 1 or 2 MIMO layers as a relaxed processing capability. For ease of analysis, during the template discussion it was agreed to analyze antenna reduction and processing reduction as individual techniques. Combinations of techniques (e.g., 1RX/1TX and two layers, 2RX/1TX and single layer) can be analyzed after the individual analysis. 
To simplify the cost analysis, each component is counted towards either “antenna reduction” or “MIMO layer reduction”.
Analysis of UE complexity reduction: The cost saving is in baseband (MIMO processing, LDPC decoding, and HARQ buffer), and will not accumulate over multiple bands.
	Configuration
	2 to 1 MIMO layer
	4 to 2 MIMO layers
	4 to 1 MIMO layer

	FR1 FDD
	9.9%
	
	

	FR1 TDD
	
	9.0%
	13.5%

	FR2 TDD
	9.5%
	
	



Analysis of performance impacts: Spectral efficiency and peak data rate will be impacted.
Analysis of coexistence with legacy UEs: No significant impact.
Analysis of specification impacts: No significant impact.

Relaxed UE processing capability: Maximum modulation order
Analysis of UE complexity reduction: The modest cost saving is both in RF and baseband, so would partially accumulate across bands. The cost savings are mostly on the PA, ADC/DAC, LDPC decoding, UL processing, and HARQ buffering.

	[bookmark: _Hlk53730125]Configuration
	DL savings
	UL savings

	FR1 FDD
	5.7%
	1.6%

	FR1 TDD
	5.3%
	1.6%

	FR2 TDD
	4.7%
	1.5%



Analysis of performance impacts: Spectral efficiency and peak data rate will be impacted substantially.
Analysis of coexistence with legacy UEs: Some scheduler impact to support different maximum modulations, and less spectrally efficient handling of RedCap UEs will have more impact on legacy than without the technique.
Analysis of specification impacts: To minimize specification impacts, there should be no optimization (only reuse) of all existing tables.


Conclusions 
Complexity reduction techniques for RedCap were discussed, resulting in the following observations and proposal.

Proposal 1: 
· Add a disclaimer to the TR starting with that in TR 36.888
· Exact wording can be proposed by the rapporteur
Observation 1: For antenna reduction:
· In bands which require 4R, 1R will suffer substantial performance loss
Proposal 2: 
· 100MHz bandwidth reduction is recommended for RedCap FR2 UEs
· No combinations of techniques with 50MHz FR2 will be investigated

Proposal 3: 
· A more relaxed UE processing time in terms of N1/N2 compared to capability #1 is not a recommended RedCap technique
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Appendix A: Use case specific requirements from the SID [3]:
· 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 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.
· 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).
Appendix B: Reference NR device for cost/complexity
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.
