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1 Introduction

In Rel-17 SI on support of reduced capability NR devices [1], one objective is to identify and study potential UE complexity reduction features, including –

· 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  

In this contribution, we discuss evaluation methodology and UE complexity reduction features.
2 Evaluation Methodology
The Rel-17 SI on support of reduced capability NR devices aims to study a UE with lower end capabilities relative to Rel-16 NR UE to serve three use cases with their corresponding requirements [1] –
· Industrial wireless sensors: Service availability is 99.99% and end-to-end latency less than 100 ms or 5-10ms for safety-related sensor. The reference bit rate is less than 2 Mbps and the battery should last at least few years. 
· Video Surveillance: Reference bitrate of 2-4 Mbps for normal video and 7.5-25 Mbps for high-end video, latency less than 500 ms, and reliability of 99%-99.9%.

· Wearables: Reference bitrate of 10-50 Mbps in DL and minimum 5 Mbps in UL. Peak bit rate of 150 Mbps for DL and 50 Mbps for UL. Battery life of multiple days up to 1-2 weeks.

The generic requirements for this study item include [1] –

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

For evaluation purpose, it is important for RAN1 to align the assumptions and understanding on a reference NR UE to be used for cost/complexity/performance comparison.
Proposal 1: Agree on a reference NR UE capability set for evaluation purposes.

Some potential reference UE capabilities and values are shown below –
· UE RF bandwidth – FR1: 100MHz DL, 100MHz UL, FR2: 200MHz DL, 200MHz UL
· Number of Tx antennas – 1Tx 
· Number of Rx antennas – FR1: 4Rx for bands above 2.5 GHz, 2 Rx otherwise
· DL MIMO – FR1: 4-layer spatial multiplexing for bands above 2.5 GHz, 2-layer spatial multiplexing otherwise
· Single RAT

· Single band

· TDD/Full duplex FDD

Once a reference UE has been agreed, complexity breakdown for the different UE components must be considered so proper complexity comparison can be achieved. Generally, UE cost drivers can be broken down into two parts – RF and baseband. The RF components include antenna ports, RF tranceivers (LNA, mixer, local oscillator), PA, filters, duplexer, switches, etc. The baseband components include ADC/DAC, FFT/IFFT, data buffer, receiver processing block, LPDC coder/decoder, Polar coder/decoder, MIMO processing blocks, cell search processing block, etc.
In [2], the recommended cost breakdown for RF-baseband was 40% RF and 60% baseband. In addition, the recommended breakdown for various components were given (e.g. power amplifier constitutes 25%-30% of the RF cost, while the HARQ buffers constitues 10-15% of the baseband cost). The proper cost/complexity metric must be defined and recommended values agreed for the reference NR UE.  

Proposal 2: Agree on a cost/complexity metric and values for the reference UE modem structure.
An example of the various cost/complexity components is shown below –
· RF

· PA

· Duplexer 

· RF transceiver (including LNAs, mixer, and local oscillator)

· Filters

· Baseband

· ADC/DAC

· FFT/IFFT

· Post-FFT data buffering
· Synchronization / cell search block

· Receiver processing block

· UL processing block

· LDPC decoding

· HARQ buffer

· PDCCH processing block & Polar decoder

To evaluate the cost and benefits of the potential complexity reduction features, several factors must be considered in the analysis, namely –

· Complexity reduction 
· Performance impact including coverage, capacity, and power consumption analysis

· Specification impact
Proposal 3: Consider performance evaluation (coverage, capacity, and power consumption) and specification impact when evaluating cost/complexity reduction features.

For performance evaluation, deployment scenarios from TR 38.913 can be used to evaluate performance. The evaluation methodology used for the self-evaluation towards IMT-2020 submission in TR 37.910 can be a good starting point for RedCap evaluations.

For quantitative capacity and power consumption analysis, data model(s) will be needed. The use cases as described for NR-Light include industrial wireless sensor, video surveillance, and wearables. The data models for the three use cases are quite different. It should be discussed whether 3 different models are needed and what would be the data characteristics for each model. For example,
· Industrial wireless sensors: one possibility is to reuse the Mobile Autonomous Reporting (MAR) traffic mode in [3] with appropriate adjustment if needed. For instance, MAR exception reports have an uplink application payload of 20 bytes. The associated latency can be less than 100 ms for regular sensor or 5-10ms for safety sensor, while the associated reliability can be 99.99%.
· Video Surveillance: one possibility is to use Near Real Time Video (NRTV) traffic model as described TR 25.892. In this case, each video frame arrives at a regular interval. Each frame is then decomposed and encoded into a fixed number of packets whose size is given by a truncated Pareto distribution. The encoder also introduces a certain delay between the packets, which can be also modeled by a truncated Pareto distribution. 
· Wearables: one possibility is to use either the HTTP or FTP model as described in TR 25.892. The FTP model may be easier to implement. In this case, an FTP session consists of a sequence of file transfers, separated by reading times. The file size is given by a truncated normal distribution (defined using mean, standard deviation, and maximum), while the reading time is given by an exponential distribution (defined using mean).
Proposal 4: Agree on simulation parameters and data model(s) for evaluation purposes.
One objective of the SI is to study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited. Specifically, the aim is to study coverage recovery techniques to compensate for potential coverage reduction due to the device complexity reduction. In this case, a reference link budget would be needed to determine the potential coverage reduction.
For eMTC, the reference link budget was determined using cell edge data rate of 20 kbps, system bandwidth of 10 MHz, 2Tx-2Rx antennas at the eNB, and 1Tx-2Rx antennas at the UE. Equivalent assumptions would be needed also for the reference NR link budget. However, for NR the cell edge data rate should be significantly higher than 20 kbps.
Proposal 5: Agree on a reference link budget for NR for evaluation purpose.

Note that for the SI, the objective is only to compensate potential coverage reduction from complexity reduction. This is unlike in eMTC where 15 dB coverage enhancement relative to LTE was required. In this case, we need to consider only the degree to which the coverage loss in the downlink will contribute to the coverage loss of the system.
3 UE Complexity Reduction Features
In [1], the following complexity reduction features have been listed –
· 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  
In this section we will discuss preliminary analysis of some potential techniques.
3.1 Reduced number of UE RX antennas

Complexity reduction
Reducing the number of Rx antennas can result in a large complexity reduction as each RF chain constitutes a large percentage of the RF cost. In [2], it was found having only a single receiver chain (compared to two) can reduce the LTE UE complexity by as much as 15-30%. A similar cost reduction may be possible for 4Rx to 2Rx reduction.
Performance Evaluation
Coverage: Reducing the number of Rx antennas can result in coverage loss for the UE in the downlink. In eMTC, it was determined that up to 5dB coverage loss is possible with 1 instead of 2 Rx antennas. However, unless in eMTC where a target MCL corresponding to 15dB coverage enhancement relatively to LTE was required, for NR the goal is to only compensate for the loss. In this case, we need to consider only the degree to which coverage loss in the downlink will contribute to coverage loss of the system.
Consider for example the reference LTE link budget from [2]. It is seen here that the coverage is limited by the PUSCH and the MCL is 140.7 dB. If, for instance, downlink channel performance is worse by 5dB due to use of single Rx chain, then it is seen that there would be no need to define coverage compensation for the PBCH, SCH, and PDCCH as their MCLs are still higher than 140.7 dB even with the 5dB loss. For the PDSCH, only a small coverage compensation of 0.3 would be needed.
Table 1. MCL calculation for normal LTE FDD [2].
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	NOTE 1:
eNB is assumed with 2 Tx and 2 Rx in FDD systems.



An example NR link budget is shown below in Figure 1. Similar to the LTE link budget from [2], it is seen here the coverage is limited by the uplink and therefore coverage compensation would depend on the degree of system coverage loss and not on downlink loss.
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Figure 1. Maximum allowable pathloss (dB) for various NR channels.
Capacity: Reducing the number of Rx antennas can lead to capacity reduction as performance for the downlink channels will be worse. The degree of the loss, however, may depend on the traffic types. For example, for video surveillance where traffic is uplink heavy, the capability loss from reducing the number of Rx antennas may be small.
Power consumption: Reducing the number of Rx antennas can increase power consumption as performance for the downlink channels will be worse. This means that UE may have to spend longer time decoding the downlink channels. However, the impact to UE battery life will depend on the use case. For instance, for video surveillance where traffic is mostly uplink, it is expected that that the actual impact to the battery life will be small.
RAN1 specification impact

The main impact to RAN1 specifications would be related to coverage compensation as RAN1 specifications can already support 1 or more Rx antennas. The degree of impact depends on the required coverage compensation and thus needs further analysis once the reference link budget is agreed.

Observation 1: Reducing the number of Rx antennas may provide meaningful complexity reduction. Coverage, capacity, and power consumption will be negatively impacted.
3.2 Reduced number of UE TX antennas

Complexity reduction
Reducing the number of Tx antennas can result in some complexity reduction. However, as the reference UE may have only 1 antenna, it may not be necessary to consider this technique.
Performance Evaluation
Coverage: Reducing the number of Tx antennas can result in some coverage loss for the UE in the uplink due to the loss of transmit diversity. 

Capacity: Reducing the number of Tx antennas can lead to some capacity reduction as performance for the uplink channels will be slightly worse.
Power consumption: Reducing the number of Tx antennas can increase power consumption as performance for the uplink channels will be slightly worse. The impact to UE battery life, however, depends on the data model to be used for evaluation.
RAN1 specification impact

The main impact to RAN1 specifications would be related to coverage compensation as RAN1 specifications can already support 1 or more Tx antennas. The degree of impact depends on the required coverage compensation and thus needs further analysis once the reference link budget is agreed.

Observation 2: Studying reducing the number of Tx antennas is not required if the baseline reference UE has only 1 Tx antenna.
3.3 UE Bandwidth Reduction
Complexity reduction
Reducing the UE RF bandwidth can result in significant complexity reduction. However, the degree of the reduction depends on the relative reduction in the UE RF bandwidth compared to the reference NR UE. Note that the SI specifies that Rel-15 SSB bandwidth should be reused and L1 changes minimized. Therefore, the degree of UE RF bandwidth reduction would be limited by the need to support Rel-15 SSB bandwidth, especially for SSB using higher SCS values. 
Performance Evaluation
Coverage: Reducing the UE bandwidth may result in some coverage loss if existing broadcast signals cannot be transmitted within the reduced bandwidth. For instance, in eMTC, transmitting legacy SIB1 using 1.4MHz would have reduced the cell coverage substantially as SIB1 would have to be transmitted using much higher MCS level.  

Capacity: Reducing the UE bandwidth is not expected to have significant impact to the overall system capacity.
Power consumption: Power consumption is likely to be reduced for bandwidth limited UE. 
RAN1 specification impact
The main impact to RAN1 specifications would be related specification changes to support bandwidth limited UE. However, as noted in the SI, Rel-15 SSB bandwidth should be reused and L1 changes minimized. Therefore, RAN1 specification impact is expected to be small to medium.
Observation 3: Reducing the UE bandwidth may provide meaningful complexity reduction. There may be some negative impact to coverage and capacity. However, power consumption may improve with smaller UE bandwidth. 
3.4 Half-Duplex FDD
Complexity reduction
Half-duplex FDD is expected to provide substantial complexity reduction. The saving can be significant as the UE will likely support many bands and so the duplexer can be removed for each supported band. In addition, elements of TDD implementation can be reused. It is a key technique in eMTC and NB-IoT and has been shown to reduce actual UE cost meaningfully.
Performance Evaluation
Coverage: Half-duplex FDD is not expected to have an impact on coverage. In fact, HD-FDD UE has smaller insertion loss since the duplexer is not there. 

Capacity: Half-duplex FDD will reduce the possible peak throughput of the UE. The impact may not be so severe given the flexible frame structure in NR. In addition, from system capacity perspective, half-duplex FDD will have small impact to system capacity.
Power consumption: Power consumption is likely to be reduced with half-duplex FDD as the insertion loss of the switch will be less than that of the duplexer.
RAN1 specification impact

NR specifications can support deployment with half-duplex UEs. Small changes (e.g. related to switching time) may be needed in case of RedCap UEs. 
Observation 4: Half-duplex FDD may provide meaningful complexity reduction. Coverage and capacity are not expected to be degraded, although achievable peak rate will be smaller. Power consumption may improve due to the elimination of insertion loss.
3.5 Relaxed UE processing time
Complexity reduction
Relaxing the UE processing time beyond what has been specified in Rel-15 is expected to provide small complexity reduction. 
Performance Evaluation
Coverage: Relaxing the UE processing time is not expected to have an impact on coverage.  

Capacity: Relaxing the UE processing time will reduce the throughput of the UE. However, from system capacity perspective, this feature may have small impact to system capacity.
Power consumption: Power consumption for the various processing components may be reduced with relaxed UE processing time. However, UE may need to stay awake longer. 
RAN1 specification impact

Since RAN1 specifications already support variable processing time, the impact is expected to be small.

Observation 5: Processing time relaxation may not provide meaningful complexity reduction.
3.6 Relaxed UE processing capability
There are many techniques that may be considered here, including e.g. peak data rate reduction, reduced MIMO support, and reduced support for some features. Each technique will have a different impact so further discussion on this topic is needed.
4 Conclusions

In this contribution, we consider reduced capability NR devices and make the following proposals –
Proposal 1: Agree on a reference NR UE capability set for evaluation purposes.

Proposal 2: Agree on a cost/complexity metric and values for the reference UE modem structure.
Proposal 3: Consider performance evaluation (coverage, capacity, and power consumption) and specification impact when evaluating cost/complexity reduction features.

Proposal 4: Agree on simulation parameters and data model(s) for evaluation purposes.
Proposal 5: Agree on a reference link budget for NR for evaluation purpose.

We also provide some preliminary observations with respect to the complexity reduction features being studied –

Observation 1: Reducing the number of Rx antennas may provide meaningful complexity reduction. Coverage, capacity, and power consumption will be negatively impacted.
Observation 2: Studying reducing the number of Tx antennas is not required if the baseline reference UE has only 1 Tx antenna.
Observation 3: Reducing the UE bandwidth may provide meaningful complexity reduction. There may be some negative impact to coverage and capacity. However, power consumption may improve with smaller UE bandwidth. 
Observation 4: Half-duplex FDD may provide meaningful complexity reduction. Coverage and capacity are not expected to be degraded, although achievable peak rates will be smaller. Power consumption may improve due to the elimination of insertion loss.
Observation 5: Processing time relaxation may not provide meaningful complexity reduction.
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