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[bookmark: _Ref513464071]Introduction
In RAN#86, a new SI on reduced capability (RedCap) NR devices was approved [1]. The objective of the SI is to:
· Identify and study potential UE complexity reduction features
· Study UE power saving and battery lifetime enhancement for reduced capability UEs
· Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited
In RAN1 #101-e, potential complexity reduction features for RedCap UEs were discussed and the following decisions were taken [2]:

Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Agreements:
· For safety related sensors, latency requirements apply to traffic initiated from RRC_CONNECTED.
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.
· Reuse the power consumption models and scaling factors for FR1 and FR2 provided in TR 38.840 (sections 8.1.1, 8.1.2, 8.1.3) as appropriate.
· Study the impact of BD and CCE limits reduction on power saving and PDCCH blocking probability (quantitatively) and impacts on latency and scheduling flexibility (at least qualitatively).

Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:
· For wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.

Agreements:
· For industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity [100 ms] should be considered (other values are not precluded).

Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

In this contribution, we present our views on complexity reduction features for reduced capability UEs.

Complexity reduction
Reduced bandwidth
In NR, the [minimum, maximum] transmission bandwidths supported by the UE are [5 MHz, 100 MHz] and [50 MHz, 400 MHz] for FR1 and FR2, respectively. One potential technique to reduce UE complexity is to reduce the maximum bandwidth supported.  To achieve significant reduction in device complexity and cost, reduced bandwidth should be considered both for the RF and the baseband. RF bandwidth reduction can reduce the cost of the RF transceiver. In addition, since a lower sampling rate can be used, gains in complexity due to baseband processing (e.g., FFT/IFFT, data and control channel decoding, channel estimation, buffering, etc.) at a lower rate are attained.

Impact on initial access and random access
In RAN1 #101-e, it was agreed to study maximum bandwidth of 50 MHz and 100 MHz for FR2, at least for initial access. In NR, when 240 kHz subcarrier spacing is used, the PBCH spans a BW of 57.6 MHz, exceeding the 50 MHz BW. One straightforward option for the RedCap UE is to ignore the PBCH subcarriers beyond the 50MHz transmission bandwidth, resulting in potential coverage loss. The impact of this approach has been evaluated with simulations provided in Figure 1. In the simulations, 1, 2, and 4 receive antennas are used. The receive BW is set to 57.6 MHz or 50 MHz. The detailed simulation assumptions are provided in the Appendix. We can see from this figure that the loss in SNR as a result of not receiving all PBCH subcarriers is less than 1 dB which can be mitigated by collecting more energy via accumulating several copies of the PBCH. 
In addition to the PBCH, CORESET0 may also span a BW beyond the 50 MHz: in certain configurations (e.g., 96 RBs, 1 OFDM symbol, 60 kHz subcarrier spacing), the BW of CORESET0 may be as large as 69.12 MHz. In addition, since message 2/3/4 are carried within CORESET0, initial access may also be impacted. One potential solution is to define a separate CORESET0 for RedCap UEs. This could simply be achieved by mapping the controlResourceSetZero in pdcch-ConfigSIB1, included in MIB, to a new set of RBs for RedCap UEs.
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[bookmark: _Ref47663735]Figure 1 PBCH performance with reduced BW for 1, 2, 4 receive antennas

Observation 1: 50 MHz maximum UE bandwidth does not result in significant SNR loss for PBCH in FR2.

Reduced number of antennas
Reducing the number of RF chains is expected to significantly reduce device complexity and cost. Removing an RF transceiver, the associated filter and ADC would reduce RF complexity. Removal of the baseband processing performed per RF chain such as FFT, channel estimation, etc. would result in less complexity in the baseband.
Reducing the number of antennas shall have a detrimental impact on the coverage and spectral efficiency. The acquisition time for the synchronization signals may increase and the reception of the broadcast channel may be impacted. The reduction in the received signal power and loss of diversity would reduce the coverage of the control channel and the random-access channel during the Message 2/4 reception. In addition, the BLER of the data channel would increase.
One effective method to limit or mitigate the coverage and BLER loss of the control and data channels is to use repetitions and/or relaxed acquisition time. NR already supports some type of slot aggregation for PDSCH and PUSCH, but such a technique is not available for control channels. In addition, the aggregation factors supported for PDSCH and PUSCH may not be sufficient to mitigate the loss caused by reducing the number of antennas. Repetitions would increase the acquisition time for both data and control channels, resulting in more energy being used; therefore, using repetitions would reduce the power consumption gains.
The impact of reduced number of antennas on PDCCH coverage and its mitigation using repetitions is studied in [3].
Reduction in transmit power
One method to reduce device complexity and power consumption is to reduce the output power. Reducing the output power would reduce DC power consumption until the power amplifier reaches its minimum bias level. Further savings can be achieved if the power amplifier is removed.
Reduction in transmit power would cause significant degradation in uplink coverage and spectral efficiency. Methods to compensate for the loss should be considered; one straightforward solution is to employ a repetition-based transmission for all uplink channels and signals. Note that increased transmission time due to repetitions would increase the power consumption.
One solution that may be used to optimize the number of repetitions, especially for the random-access channel, is to utilize the concept of coverage enhancement level used in LTE MTC. In this case, a certain number of repetitions and PRACH resources are allocated for a given coverage enhancement level and the UE can gradually increase the coverage level, hence the number of repetitions, if the random-access fails.
Half-duplex FDD
Another method that can be considered for complexity reduction is half-duplex FDD for which using a switch instead of a duplexer reduces device complexity. Furthermore, employing a single oscillator can be considered to attain more complexity reduction.
One issue that would arise with a single oscillator is that a larger switching time from DL to UL, or vice-versa, may be required, resulting in some necessary changes in the L1 design.
[bookmark: _Hlk47556496]Relaxed UE processing capability
Since the data rate and latency requirements of certain use cases for RedCap UEs are less stringent compared to NR, the capability of these devices may be relaxed. For PDSCH, the following may be considered:
· Maximum modulation order restriction
· Reduction of maximum transport block size
· Reducing or not supporting MIMO functionality for certain use cases
· Not supporting carrier aggregation

It should be noted that to meet higher data rates, either a higher order modulation without MIMO (e.g., 256 QAM) or a relatively lower order modulation (e.g., 16 QAM or 64 QAM) with MIMO can be used. 
The UE receiver (Rx) RF front-end is known to have several regimes of operation. For weak received signals, the signal to noise and distortion ratio (SNDR) delivered by the Rx RF front-end is primarily limited by noise. For moderate strength received signals, the Rx RF front-end SNDR is limited primarily by the receiver’s EVM (caused by e.g. IQ gain and phase imbalance) in the absence of strong harmonic blockers (out-of-band interferers appearing at multiples of the RX carrier frequency). For moderate strength received signals in the presence of strong harmonic blockers, the Rx SNDR delivered by the Rx RF front-end is limited by both the receiver’s EVM and its blocker immunity level. 
[bookmark: _Hlk528852745]The UE receiver (Rx) RF front-end power consumption for various modulation orders is summarized in Table 1 below. It is assumed that the received signal RF bandwidth is 20MHz. Several factors are considered when calculating the required ADC resolution or effective number of bits (ENOBs). This includes the required SNDR for the modulation type. This also includes headroom for fading, received signal peak-to-average ratio (PAR) and analog lowpass (anti-aliasing) filter selectivity inadequacies.
   
[bookmark: _Hlk528857021]Table 1: Receiver RF front-end power consumption vs modulation order
	Modulation Order
	Required SNDR 
(10-3 BER)
	Receiver Implementation Details
	Relative Power

	
	
	# of LO Phases
	EVM Calibration Circuitry
	ADC Resolution (ENOBS)
	

	QPSK
	9dB
	4
	Off
	7.5
	0.3

	16QAM
	16dB
	4
	Off
	8.7
	0.4

	64QAM
	23dB
	8
	Off
	9.8
	0.65

	256QAM
	30dB
	8
	On
	11
	1

	1024QAM
	37dB
	8
	On
	12.2
	1.6



For lower modulation orders (QPSK and QAM16) the power consumed by the Rx RF front-end is dominated by the RF components. Whereas, for higher modulation orders (QAM 256, QAM 1024) the Rx RF front-end power is dominated by the ADCs.
The trade-off between modulation order restriction and MIMO restriction should be studied with appropriate models to analyze the cost/complexity trade-off.
Conclusion
This contribution has discussed several complexity reduction features for reduced capability devices. Based on the discussion, we propose the following:

Proposal 1: The following complexity reduction methods should be considered for reduced capability devices:
· Reduced bandwidth
· Reduced number of antennas
· Reduction in transmit power
· Half-duplex FDD
· Relaxed UE processing capability

In addition, from simulations, we have observed the following:
Observation 1: 50 MHz maximum UE bandwidth does not result in significant SNR loss for PBCH in FR2.
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1 Appendix

Table 1 Simulation assumptions for FR2
	Frequency region
	FR2

	Carrier frequency
	28 GHz

	Subcarrier spacing
	240 kHz

	Bandwidth
	50 MHz

	Antenna configuration
	4 at the Tx; and 1,2, 4 at the Rx

	Precoding
	Fixed

	Channel estimation
	Ideal

	Channel model
	TDL-A

	UE speed
	3 km/h

	TDD slot format
	DDDSU
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