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Introduction
The usage scenarios that have been identified for 5G include enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), Ultra-Reliable and Low Latency communication (URLLC) and time sensitive communication (TSC). Different from the low-end LPWA as well as the high-end eMBB/URLLC/TSC use cases, NR R17 introduces mid-range use case for devices with reduced capabilities (RedCap):
· wearables include smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications, etc. Small device size is one distinctive characteristic for the wearable devices.
· industrial wireless sensor networks (IWSN) include pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. Small device form factor and a battery life of several years are basic requirements for IWSN devices.
· smart city vertical include the deployment of surveillance cameras, which collects data for processing, monitoring and controlling of city resources.
To meet the generic and use specific requirements of mid-range use cases, potential UE complexity reduction techniques were identified and analyzed for wearables, industry wireless sensors and surveillance cameras [1]. The RAN1 study for R17 RedCap devices was completed in Q4 2020, and a new WID [2] was approved in RAN-90e meeting. A main objective of the WI is to specify support for the following UE complexity reduction features in RAN1 and RAN4:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
In this contribution, we discussed the PHY designs supporting R17 RedCap devices.  Section 2 focused on the FR1 deployment. Section 3 addressed the considerations for FR2 deployment.

Supporting NR RedCap Devices in FR1
1.1 UE Bandwidth Reduction 
Based on the WID [1], 20 MHz is the maximum BW supported by an FR1 RedCap UE for initial access. In FR1, the max SSB BW is 7.2 MHz and the max CORESET0 BW is 17.28 MHz. Similar to NR non-RedCap UE of R15/R16, a RedCap UE supporting 20 MHz BW and single carrier operation is able to receive beamformed SSB and SIB1 in FDD and TDD bands of FR1. Therefore, NR RedCap UE and non-RedCap UE can share the same SSB, CORESET0 and SIB1, as shown by Figure 1. The other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the 20 MHz BW.

[image: ]
Figure 1: NR RedCap UE and Non-RedCap UE share SSB/CORESET0/SIB1 

In R15/16 NR, a UE is provided an initial UL BWP configuration by UplinkConfigCommonSIB IE in SIB1. When PUSCH transmission is scheduled during initial access, a non-RedCap UE will interpret the FDRA field and the frequency hopping pattern (including: starting RB in each hop, FDRA for each hop and frequency offset between adjacent hops) based on  of its initial UL BWP.  In FR1, the initial UL BWP of non-RedCap UE can be wider than 20 MHz, which is beyond the BW capability of RedCap UE during initial access. Therefore, if the network allows RedCap UEs to access a NR serving cell, it is necessary for the network to identify the RedCap UE before sending the RAR grant so that the RedCap UE can be multiplexed appropriately with non-RedCap UEs. 
If RedCap UE and non-RedCap UE co-exist in a NR serving cell in SA deployment, and the initial BWP of non-RedCap UE is wider than 20 MHz, the initial BWP configurations for RedCap UE can be indicated in SI, or by rules specified in standards. For example, the initial DL BWP of RedCap UE can be aligned with the CORESET0, or be configured by a dedicated locationAndBandwidth IE that indicates an offset [image: ] and a length [image: ]according to reduced BW capability. The initial UL BWP of RedCap UE should include the PRACH occasions allocated for RedCap UE, which can be configured by another dedicated locationAndBandwidth IE, or by pre-defined rules specified in standards. If the initial BWP of non-RedCap UE is less than or equal to 20 MHz, the initial BWP configurations of non-RedCap UE can be re-used by RedCap UE.
To facilitate early indication of RedCap UE during initial access, dedicated PRACH resources can be configured in SIB1 for RedCap UEs in time/frequency/code domains. The following options can be considered for dedicated PRACH resource configuration of RedCap UE:
· Option 1: configure dedicated ROs for RedCap UE
· Option 2: configure dedicated preamble group for RedCap UE on ROs shared with non-RedCap UE
· Option 3: configure dedicated PRACH preamble format for RedCap UE
[bookmark: _Hlk61526064]Based on the study for RedCap UE [1], the link budget of NR R15 PRACH preambles is not a bottleneck for coverage recovery. Therefore, RedCap UE can re-use the short and long PRACH preamble sequences of NR R15. When operating in FD-FDD or Type-A HD-FDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on paired spectrum (Table 6.3.3.2-2, TS 38.211). When operating in TDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on unpaired spectrum (Table 6.3.3.2-3, TS 38.211).
In NR R15/16, SUL is supported as an optional UE feature to improve the UL coverage. Nevertheless, SUL does not have a paired DL carrier. The inaccuracy in pathloss estimation degrades the performance of power control. On the other hand, RedCap SI has identified PUSCH/msg3 as the bottleneck of UL coverage.  The coverage recovery for PUSCH/msg3 on NUL can re-use at least the solutions provided by R17 coverage enhancement WI. Considering the limited benefits of SUL as well as the increased cost/complexity for carrier switching and multi-band processing, support for SUL is not necessary for RedCap UE. 
Based on the calculations in Table 1, 20 MHz UE BW and single layer are insufficient to support 150 Mbps peak data rate. Therefore, BW greater than 20 MHz should be supported for 1 RX UE after initial access, if the target DL peak rate is above 100 Mbps.
Table 1: Peak Data Rates for Single Layer Transmission in FR1 
[image: ]

To optimize the trade-off in UE complexity reduction, signalling overhead and standardization impacts, we have the following observations and proposals:
[bookmark: ob1]Observation 1: RedCap UE can re-use the long and short PRACH preamble sequences introduced in NR R15.
· When operating in FD-FDD or Type-A HD-FDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on paired spectrum (Table 6.3.3.2-2, TS 38.211). 
· When operating in TDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on unpaired spectrum (Table 6.3.3.2-3, TS 38.211).

[bookmark: ob2]Observation 2: If RedCap UE and non-RedCap UE are allowed to access a cell at the same time, it is necessary for the network to identify the RedCap UE during initial access before scheduling and multiplexing UEs with different capabilities.
[bookmark: ob3]Observation 3: To facilitate early indication of RedCap UE during initial access, dedicated PRACH resources can be configured in SIB1 for RedCap UEs. The following options can be considered:
· Option 1: configure dedicated ROs for RedCap UE
· Option 2: configure dedicated PRACH preamble group for RedCap UE on ROs shared with non-RedCap UE
· Option 3: configure dedicated PRACH preamble format (re-using NR R15 sequences design) for RedCap UE
[bookmark: pr_1][bookmark: p1_1]Proposal 1: In FR1, NR RedCap UE and non-RedCap UE should share the same SSB/CORESET0/SIB1. Other SIBs for RedCap UE can be scheduled by SIB1, or transmitted on-demand within the initial BWP of RedCap UE. 
[bookmark: pr_2][bookmark: _Hlk61618463]Proposal 2: If RedCap UE and non-RedCap UE co-exist in the same well:
· If the initial BWP of non-RedCap UE is wider than 20 MHz, the initial BWP configuration  for RedCap UE can be indicated in SI, or by rules specified in standards.
· If the initial BWP of non-RedCap UE is less than or equal to 20 MHz, RedCap UE can re-use the initial BWP configuration of non-RedCap UE.
[bookmark: p1_3][bookmark: pr_3][bookmark: p1_2]Proposal 3: In FR1, SUL is not supported by NR RedCap UE. Coverage recovery on NUL can re-use at least the solutions provided by R17 CE WI.
[bookmark: pr_4]Proposal 4: For use cases requiring high peak rates up to 150 Mbps, up to 40 MHz UE BW can be supported by 1RX UE after initial access.


1.2 [bookmark: _Hlk47572621]Reduced Number of RX Antennas
In FR1, R15/16 UE is required to have at least two RX antenna branches/ports in all operating bands, except for bands n7, n38, n41, n77, n78, n79, where UE is required to be equipped with a minimum of four RX antenna branches/ports.
According to the R17 study for RedCap [1], the reduction of RX antennas contributes most to the cost reduction of RedCap UE. When the RX number is reduced from 4 to 1, ~60% cost saving can be achieved w.r.t. a NR R15 reference UE. When the RX number is reduced from 2 to 1, ~40% cost saving can be achieved.
Based on the LLS and SLS evaluations for 1 RX UE [1], their impacts on coverage and network capacity are small. As noted in the WID [2], compact form factor is one of the generic requirements for R17 RedCap devices, and the R17 specification for RedCap should enable a device design with compact form factor. Therefore, it is necessary to support 1 RX RedCap UE in TDD and FDD bands of FR1.
For wearable devices, it is not feasible to fit two RX antennas for cellular communications on the small surface. Figures 2-3 show the impacts of antenna correlation and antenna efficiency loss of 2 RX antennas for a RedCap UE with small form factor, wherein 3dB antenna efficiency loss and the low/medium ULA antenna correlations modeled by TS 38.101 are assumed for 2 RX UE in the evaluations.

[bookmark: o1_2][image: ]
Figure 2: PDCCH Performance of RedCap UE, Modelling Loss from Realistic Antenna Correlations/Efficiency

[image: ]
Figure 3: PDSCH Performance of RedCap UE, Modelling Loss from Realistic Antenna Correlations/Efficiency
To summarize, we have the following observations and proposals for reduced number of RX antennas:
[bookmark: ob4]Observation 4: Single MIMO layer transmission based on one TX antenna and one RX antenna is able to meet the peak rate requirements of video surveillance and industry wireless sensors, as well as the reference rate requirements of wearables.
[bookmark: ob5]Observation 5: When RX antenna correlation and antenna efficiency loss are accounted for a RedCap UE with device limitation, the relative gain of 2 RX to 1 RX can be zero or negative. 
[bookmark: p1_4][bookmark: pr_5]Proposal 5: Support 1 RX as the minimum number of RX branches for R17 RedCap devices in FR1. 2 RX branches are also supported as an optional UE feature for R17 RedCap devices.

1.3 Half-Duplex FDD Operation
[bookmark: p1_5]In LTE, two different types of HD-FDD (Type-A and Type B) modes are specified for UE by 3GPP, which differ mainly in the guard period configuration for DL/UL switching. In NR RedCap devices, supporting HD-FDD mode enables the use of a RX-TX antenna switch and an additional filter instead of a more expensive duplexer. Based on the R17 study in [1], the average cost reduction achievable by Type-A HD-FDD is ~7%, and the gain of cost saving scales up with multi-band support.  In addition, the noise figure and insertion loss of the switch are less than that of duplexer, and the transceiver chain can be put in a low-power state when the communication is going on in the opposite direction.
When RedCap UE operates in Type-A HD-FDD mode, no loss in coverage is expected [1], since the gNB operation is still full duplex and it can schedule an increased number of DL/UL resources to meet the coverage targets on DL/UL.
Compared to a RedCap UEs capable of FD-FDD, performance degradation such as latency and throughput are expected for RedCap UE operating in Type-A HD-FDD mode, because HD-FDD UE cannot transmit and receive simultaneously. On the other hand, a FD-FDD capable UE can fall-back to HD-FDD operation for power saving, when the DL/UL traffic pattern is sparse. 
According to TS 38.101 specification, the transition period between DL and UL switching of Type-A HD-FDD is on the order of 10 μs, as shown by Figure 4. Therefore, for the DL to UL switching of Type-A HD-FDD UE, the switching time can be accommodated by a single OFDM symbol with SCS 15/30/60 kHz. For the UL to DL switching, the switching time can be accommodated by a semi-static TA offset applied by HD-FDD UE before the UL transmission starts.
Considering the DL/UL switching time of Type-A HD-FDD is similar to that of NR TDD, the throughput and latency performance of Type-A HD-FDD and TDD should be similar. Similar to NR TDD, cell-specific and UE-specific slot formats can be configured for Type-A HD-FDD, which include DL slots/symbols, flexible slots/symbols and UL slots/symbols. The guard period required for DL to UL switching can be mapped to the flexible symbol(s) of the slot.

[image: ]
Figure 4: General ON/OFF time mask for NR UL transmission in FR1
[bookmark: ob6][bookmark: o1_5]
Observation 6:. A FD-FDD capable RedCap UE can fall-back to HD-FDD mode for power saving.
[bookmark: ob7]Observation 7: For Type-A HD-FDD, the minimum switching time between DL and UL is 10 us.
[bookmark: ob8]Observation 8:  Similar to NR TDD, cell-specific and UE-specific slot formats can be configured for Type-A HD-FDD, which include DL slots/symbols, flexible slots/symbols and UL slots/symbols. The guard period required for DL to UL switching can be mapped to the flexible symbol(s) of the slot.
· FFS group-common slot format indication in DCI for RedCap UE in  Type-A HD-FDD

[bookmark: pr_6]Proposal 6:  For Type-A HD-FDD, a guard period is needed by RedCap UE when it switches from DL to UL. The guard period can be accommodated by an OFDM symbol for SCS 15/30/60 kHz. 
· FFS guard period configuration when UE switches from UL to DL.

[bookmark: pr_7]Proposal 7: When a RedCap UE is operating in Type-A HD-FDD mode, it can be configured with semi-static slot formats. If the RedCap UE is not configured with semi-static slot formats, it will follow the dynamic grant transmitted on the DL carrier.


Discussion of UE Complexity Reduction in FR2
In RAN #90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved [2]. As part of the work item, it is agreed to specify support for the following UE complexity reduction features (related to FR2):
	· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


In this section, based on the WID, we present our views on the FR2 complexity reduction, including aspects for reduced maximum UE BW.
The WID defines the following data rates:
· Industrial Wireless Sensors: < 2 Mbps (UL heavy)
· Video Surveillance: UL dominated (Economic: 2 – 4 Mbps, High End: 7.5 - 25 Mbps)
· Wearables: Reference DL/UL = 5-50/2-5 Mbps, peak DL/UL = 150/50 Mbps
Table 2 shows the maximum data rates that can be achieved for different BWs for 1 MIMO layer.
[bookmark: _Ref61358012][bookmark: _Ref61358006]Table 2: Peak Data Rates (Mbps) for SCS 120 kHz (1 Layer) Based on TDD DL:UL = 3:1
	BW (MHz)
	DL 64QAM
	UL 64QAM

	25
	78
	29

	50
	156
	57

	100
	317
	116


From the table, it can be noted that the data rates required for RedCap use cases may be achieved with smaller BW than the maximum UE BW of 100 MHz. For some use cases, it can be achieved with a BW much less than 100 MHz (e.g., 25 RB).
[bookmark: ob9]Observation 9: For FR2, the required data rates for RedCap use cases can be achieved with BW less than 100 MHz 
Hence, a UE BW of 100 MHz may not be needed after initial cell search. To reduce the UE BW and thus save power, the UE may switch into a narrower BW active BWP (NBWP).
Due to the possibly large number of RedCap UEs, they may need to be distributed among several NBWPs (i.e., a carrier BW includes multiple NBWPs). To reduce signaling, the network may choose to allow the UEs to implicitly transition into a NBWP after initial access. This can be done by having the UE select a NBWP from a pool of NBWPs (e.g., with equal probability). Another approach is to have the UE select the NBWP based on some hashing function based on a UE ID. This may result in some uniform distribution of the UEs among the NBWPs and hence reduce the overloading and be more resource efficient.
Another aspect to consider is that a UE, based on its measurements (e.g., for interference) or capability may prefer a certain NBWP where the interference is low. Hence it may be desirable to have the option for the UE to initiate/request a preferred NBWP and/or BW.
The initial transition of a UE to one of the NBWPs can be:
· Network initiated/controlled
· This is already existing in NR R15/16
· Implicit
· Based on a random selection or some UE ID hashing function
· UE initialed/requested
· UE may send a preferred max UE BW (≤ 100 MHz) to be used after initial access
· UE may send a preferred BWP to be used after initial access 
[bookmark: pr_8]Proposal 8: For FR2, to save UE power and complexity, consider switching the UE to a narrow active BWP (NBWP) after initial access is complete. The switching may be network initiated/controlled, implicit, or UE initiated/requested
There are however certain aspects that need to be considered due to the BW reduction of the active BWP.
· Reduce narrowband interference effects
· Get frequency diversity gains
· Optimize operation due to the reduced BW
For a narrow BW UE, to achieve frequency diversity gains, frequency hopping is one of the methods that can be used. However, in FR2, due to beamforming at both gNB and UE, in addition to smaller cells, the delay spread is smaller compared to FR1. This leads to a larger coherence BW and hence less gain using frequency hopping (if the hopping was within a limited frequency range). For FR2, to get the frequency diversity hopping gains, the UE may need to hop across a larger system frequency range (across larger system BW). For example, in case the network supports CA, the UE may hop in frequency over multiple CCs (using 1 CC at a time).
Hopping within a limited system BW, however, may still be beneficial to mitigate persistent interference because narrow BW operation may be more prone to such interference (affecting a large portion of the active BWP). This is even more exemplified for stationary devices where the interference is not randomized by the UE movements and may be persisting. It may be beneficial to have some sort of NBWP hopping mechanism, where we consider a “virtual” NBWP that is hopping in the frequency domain, where:
· Resources within BWP are relative to a reference point within the BWP hop that does not change
· The procedures (HARQ, timers, grants, etc.) are transparent to frequency hopping
This simplifies the scheduler and the specification development by having a transparent hopping mechanism.
UE hopping across frequency however (e.g., using NBWP hopping) may lead to utilization issues in time due to the switching gaps defined in TS 38.133 (based on UE capability). Thus, it may be desirable to consider techniques to reduce the effect of the hopping switching gaps on messages within the gap. Some example methods to consider:
· Variable BWP hop time (extension):
· In case a transmission falls into a BWP switching gap, the previous BWP (before the switch) is extended to cover that transmission
· BWP hop skipping/modification
· UE may skip or modify BWP hops based on certain conditions that are either signaled to the UE (using RRC/MAC-CE/DCI) or specified. E.g.: no periodic/dynamic signals/messages scheduled in these hops
· Define smaller BWP switching times by preconfiguring the hops and by using similar BWP hop parameters
· For DCI-based BWP switching, the switching time/gap is mainly due to UE DCI processing time, modem L1 processing time (loops re-initializations and settling, etc...), and RF retuning time. Hence if the UE DCI and modem L1 processing times can be reduced by pre-configuring the switches, the overall BWP switching time can be reduced
Another aspect to consider due to the BW reduction is the reduction of the available resources (time x frequency). This leads to the need to consider leaner and more efficient designs where we can consider:
· Reducing signaling overhead by:
· Bundling messages
· Pre-configurations for certain message types
· Reusing RS’s for different purposes
· Rely more on on-demand or event-based operation, rather than periodic operation
· Minimizing unnecessary wasted resources that are reserved but may not be used
[bookmark: _Hlk47542599][bookmark: p2_2][bookmark: pr_9]Proposal 9: For FR2, consider ways to reduce the impact of the narrower BWP on the system operation by: 
· Utilizing BWP hopping to reduce the NB interference effects
· Includes methods to reduce the BWP switching gap effects
· Hopping across larger BW (e.g., across CCs) to achieve frequency diversity gains
· Defining a leaner system and reusing resources between eMBB and RedCap


Conclusions
In this contribution, we have shared our views on the specification of baseline and optional UE capabilities for Rel-17 RedCap devices.
To summarize, we have the following observations and proposals for UE complexity reduction in FR1:
Observation 1: RedCap UE can re-use the long and short PRACH preamble sequences introduced in NR R15.
· When operating in FD-FDD or Type-A HD-FDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on paired spectrum (Table 6.3.3.2-2, TS 38.211). 
· When operating in TDD mode, RedCap UEs can re-use the PRACH configurations for FR1 on unpaired spectrum (Table 6.3.3.2-3, TS 38.211).

Observation 2: If RedCap UE and non-RedCap UE are allowed to access a cell at the same time, it is necessary for the network to identify the RedCap UE during initial access before scheduling and multiplexing UEs with different capabilities.

Observation 3: To facilitate early indication of RedCap UE during initial access, dedicated PRACH resources can be configured in SIB1 for RedCap UEs. The following options can be considered:
· Option 1: configure dedicated ROs for RedCap UE
· Option 2: configure dedicated PRACH preamble group for RedCap UE on ROs shared with non-RedCap UE
· Option 3: configure dedicated PRACH preamble format (re-using NR R15 sequences design) for RedCap UE
Observation 4: Single MIMO layer transmission based on one TX antenna and one RX antenna is able to meet the peak rate requirements of video surveillance and industry wireless sensors, as well as the reference rate requirements of wearables.
Observation 5: When RX antenna correlation and antenna efficiency loss are accounted for a RedCap UE with device limitation, the relative gain of 2 RX to 1 RX can be zero or negative. 

Observation 6:. A FD-FDD capable RedCap UE can fall-back to HD-FDD mode for power saving.
Observation 7: For Type-A HD-FDD, the minimum switching time between DL and UL is 10 us.
Observation 8:  Similar to NR TDD, cell-specific and UE-specific slot formats can be configured for Type-A HD-FDD, which include DL slots/symbols, flexible slots/symbols and UL slots/symbols. The guard period required for DL to UL switching can be mapped to the flexible symbol(s) of the slot.
· FFS group-common slot format indication in DCI for RedCap UE in  Type-A HD-FDD

Proposal 1: In FR1, NR RedCap UE and non-RedCap UE should share the same SSB/CORESET0/SIB1. Other SIBs for RedCap UE can be scheduled by SIB1, or transmitted on-demand within the initial BWP of RedCap UE. 
Proposal 2: If RedCap UE and non-RedCap UE co-exist in the same well:
· If the initial BWP of non-RedCap UE is wider than 20 MHz, the initial BWP configuration  for RedCap UE can be indicated in SI, or by rules specified in standards.
· If the initial BWP of non-RedCap UE is less than or equal to 20 MHz, RedCap UE can re-use the initial BWP configuration of non-RedCap UE.
Proposal 3: In FR1, SUL is not supported by NR RedCap UE. Coverage recovery on NUL can re-use at least the solutions provided by R17 CE WI.
Proposal 4: For use cases requiring high peak rates up to 150 Mbps, up to 40 MHz UE BW can be supported by 1RX UE after initial access.

Proposal 5: Support 1 RX as the minimum number of RX branches for R17 RedCap devices in FR1. 2 RX branches are also supported as an optional UE feature for R17 RedCap devices.
[bookmark: _GoBack]
Proposal 6:  For Type-A HD-FDD, a guard period is needed by RedCap UE when it switches from DL to UL. The guard period can be accommodated by an OFDM symbol for SCS 15/30/60 kHz. 
· FFS guard period configuration when UE switches from UL to DL.

Proposal 7: When a RedCap UE is operating in Type-A HD-FDD mode, it can be configured with semi-static slot formats. If the RedCap UE is not configured with semi-static slot formats, it will follow the dynamic grant transmitted on the DL carrier.

For FR2 RedCap devices, we have the following observations and proposals:
Observation 9: For FR2, the required data rates for RedCap use cases can be achieved with BW less than 100 MHz 
Proposal 8: For FR2, to save UE power and complexity, consider switching the UE to a narrow active BWP (NBWP) after initial access is complete. The switching may be network initiated/controlled, implicit, or UE initiated/requested
Proposal 9: For FR2, consider ways to reduce the impact of the narrower BWP on the system operation by: 
· Utilizing BWP hopping to reduce the NB interference effects
· Includes methods to reduce the BWP switching gap effects
· Hopping across larger BW (e.g., across CCs) to achieve frequency diversity gains
· Defining a leaner system and reusing resources between eMBB and RedCap
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Peak Data Rate (Mbps) for 16QAM Peak Data Rate (Mbps) for 64QAM

Single Layer, R,,,,,=658/1024 Single Layer, R,,,,,=948/1024
BW (MHz) SCS (kHz)

DL

UL

DL UL

10 15 19.3 20.6 41.7 44.6
10 30 17.8 19.0 38.5 41.2
20 15 39.3 421 85.0 91.0
20 30 37.8 40.5 81.8 87.5
40 15 80.2 85.7 173.3 185.4
40 30 78.7 84.2 170.1 182.0

= Reference for peak data rates calculation
o ‘“supported max data rate” Section 4.1.2 of TS 38.306, single carrier, NR SA operation, scalingFactor=1, DL OH=0.14, UL OH=0.08
= Datarate requirements of typical RedCap use casesin NR R17 SID
o Wearables (DL heavy)
= peak data rate: up to 150 Mbps in DL, up to 50 Mbps in UL
= reference data rate: 5 to 50 Mbps in DL, 2 to 5 Mbps in UL
o Industrial Wireless Sensors (UL heavy)
= reference data rate: <2 Mbps in UL
= Video Surveillance (UL heavy)
= peak data rate: 7.5 to 25 Mbps in UL
= reference data rate: 2-4 Mbps in UL

Lowerbound of peak data rates
10 Mbps on DL, 5 Mbps on UL




image5.png
BLER

TDL-C 300ns, PDCCH (AL16, Two Symbols)

—o—1Rx
- -2 Rx, RX Corr=0
—e—2Rx, RX Corr=0.9

SNR (dB)





image6.png
BLER

TDL-C 300ns, PDSCH (2 Mbps, MCS 0)

1006~ T T 7
3 —1Rx 1
r %t -=-2Rx, RX Corr=0 ]
L —e—2 Rx, RX Corr=0.9 |
10" * E
10°F R 3
3 R 1
- \\
\\
Sl .
10°¢ .
F .
|- ‘\
|- ‘\
|- \II
1OA 1 1 1 | 1 1
6 5 -4 3 2 -1 0 1 2

SNR (dB)




image7.png
h ~
1 Start of ON power

Endof OFF power, | LSSurement
reguirement 1
1
10us€>

Transient period

Endof ON power
requirement > Start of OFF power

requirement

I
1
1 -
I
y

101 <>
Transient period




