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1. Introduction
	In the RAN #86 meeting, the study item on support of reduced capability NR devices was approved. The description on the study item can be found in [1] from which the objectives relevant to the discussion in this Agenda Item are copied below:
	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 
…
Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
…
[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


2. Discussion
In this contribution, we present our views on the potential UE complexity reduction features for the reduced capability NR devices. For our discussion, the three main uses cases for the reduced capability NR devices in NR network are copied below: [1]
· Connected industries 
· Smart city innovations
· Wearables
2.1. Complexity reduction features
[bookmark: _Ref40385077]Reduced number of UE RX/TX antennas
According to 7.2 of TS38.101-1, “The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports.” As it is well known that there would be obvious complexity/cost reduction if we could reduce the number of antennas to 2 or 1, we need to study how much we can reduce taking into account the peak data rate of the three use cases as well as the associated DL coverage loss and spectral efficiency due to receiver performance degradation.
Observation 1: Study is needed on the number of Rx/Tx antennas required for each of the three use cases and on the coverage loss caused by the reduced number of antennas.
UE Bandwidth reduction
The reduction of the bandwidth can be applied to both downlink and uplink together or separately. It can also be applied to both RF and baseband or baseband only. To reuse Rel-15 SSB bandwidth and minimize L1 changes, the reduced bandwidth is expected to be no less than 5/10MHz in FR1 and 40/80MHz in FR2. With reduced bandwidth, the cost of RF and baseband components can possibly be reduced. Depending on how much the bandwidth is reduced, the relative cost savings and the specification impact can be different. For the DL, the coverage of PDSCH and PDCCH can be degraded due to the loss in frequency selective scheduling gain and frequency diversity. For the UL, the coverage of PUCCH and PUSCH can be affected due to the loss in frequency diversity, hopping gain, and selective scheduling gain. The NR PRACH preamble could be supported within the assumed reduced bandwidth, thus, the coverage of PRACH is not expected to be impacted. Reducing the bandwidth provides a decrease in power consumption due to the lower baseband processing requirements in some components. However, the possible increase in power consumption due to the performance degradation on PDSCH, PUCCH, and PSUCH should be considered.
Observation 2: Bandwidth reduction can decrease power consumption and the cost of components while it can possibly degrade the coverage of PUCCH, PUSCH, PDCCH, and PDSCH.
Half-Duplex-FDD
Half-Duplex-FDD (HD-FDD) can lower the cost of reduced capability NR devices by using a switch in the place of a duplexer. The scheduler still operating in full duplex FDD can be more complicated to ensure there are no scheduling conflicts. A switching time will need to be observed by HD-FDD UEs when transitioning from receive to transmit and vice versa. Half duplex operation will not incur coverage loss, but increase the PDSCH SINR requirements due to the switching time. This SINR loss can be avoided by the scheduler and compensated for by the improved noise figure of a switch-based receiver RF chain. The downlink coverage of an HD-FDD UE is expected to be at least as good as that of an FD-FDD UE. Power consumption of HD-FDD UE is likely to be reduced. The insertion loss of the switch in the HD-FDD UE is less than in the duplexer of an FD-FDD UE, and it makes a reduction of the electrical power required to produce a certain amount of radiated RF power. Half duplex operation means some components can be put in a reduced power state until required.
Observation 3: Half-Duplex FDD can lower the cost of UEs without degrading the downlink coverage performance.
2.2. UE bandwidth of the reduced capability NR devices
	In our view, discussion on the UE bandwidth of the reduced capability NR devices is important as it is related to the framework discussion, more specifically to whether we support the three main use cases via a single device type or multiple device types. It is our view that the reduced capability NR devices should somehow support the bandwidth scalability within the range of the supported UE bandwidth defined by the minimum and maximum UE bandwidths. The minimum UE bandwidth is determined by the constraint that the Rel-15 SSB bandwidth should be reused. The maximum should be determined based on the requirement of the peak bit rate the device shall support.
Proposal 1: The minimum UE bandwidth for the reduced capability NR devices are as follows:
· For FR1, 5 MHz or 10 MHz depending on the SSB SCS of the NR operating band
· For FR2, 40 MHz or 80 MHz depending on the SSB SCS of the NR operating band
	From the cost/complexity perspective, there is no doubt the maximum UE bandwidth should be as narrow as possible. However, at the same time it should support the peak data rate required per use case. Therefore, for discussion on the maximum UE bandwidth, we need to check the peak data rates of the three use cases and see what the maximum UE bandwidth should be to support them. The follow-up discussion would be on whether they should be supported via a single device type or multiple device types. 
	As the NR spec TS38.306 already defines the supported max data rate in Clause 4.1.2, we can use it for the metric of the required peak data rate to check the required maximum UE bandwidth per each use case. For the value of the required peak data rate per each use case, we believe the baseline use case specific requirements in the SID (copied below) can serve as a quick reference.
	As a baseline, the requirements for these three use cases are:
Generic requirements:
· 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.
Use case specific requirements: 
· 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 TS 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 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


There are reference peak bit rates in the SIB we can refer for the video surveillance and industrial wireless sensors. For the Industrial Wireless Sensors (IWS), we have the following note in the SID:
Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
[bookmark: _Ref40468991]Table 1	UL/DL physical layer parameter values set by the field ue-CategoryUL/DL
	Category
	3GPP
	Downlink
	Uplink

	
	Release
	Max number of DL-SCH TB bits within a TTI
	Max number of bits of a DL-SCH TB within a TTI
	Max number of layers for SM in DL
	Max number of UL-SCH TB bits within a TTI
	Max number of bits of an UL-SCH TB within a TTI

	
	
	
	(Mbit/s)
	
	
	
	(Mbit/s)
	

	NB1
	Rel 13
	680
	0.23
	680
	1
	1000
	0.25
	1000

	NB2
	Rel 14
	2536
	0.25
	2536
	1
	2536
	0.25
	2536

	M1
	Rel 13
	1000
	1
	1000
	1
	1000
	1
	1000

	M2
	Rel 14
	4008
	4
	1000
	1
	6968
	7
	6968

	0
	Rel 12
	1000
	1
	1000
	1
	1000
	1
	1000

	1
	Rel 8
	10296
	10
	10296
	1
	5160
	5
	5160

	1bis
	Rel 14
	10296
	10
	10296
	1
	5160
	5
	5160

	2
	Rel 8
	51024
	51
	51024
	2
	25456
	25
	25456

	3
	Rel 8
	102048
	102
	75376
	2
	51024
	51
	51024

	4
	Rel 8
	150752
	150
	75376
	2
	51024
	51
	51024


According to the Note 1 in SID and Table 1 (from Clause 4.1 in TS 36.306), the reference peak bit rates for the IWS can be set to ~ 10 Mbps.
	Per each use case, example configurations of {Maximum UE bandwidth, Number of Layers (NL), Modulation order (Qm), ScalingFactor} to support the peak bit rates are summarized below for reference:
· Industrial wireless sensors (IWS)
· Reference bit rate: < 2 Mbps (potentially UL heavy traffic)
· Peak bit rate: 10 Mbps (according to the Note1 in the SID and the Table below)
· Example 1) Supported max data rate = 13 Mbps @ {5MHz, NL=1, Qm=4, ScalingFactor=1.0}
· Video Surveillance
· Reference bit rate: < 2-4 Mbps for economic video; ~ 7.5-25 Mbps for high-end video (UL heavy traffic)
· Peak bit rate: 25 Mbps
· Example 2-1) Supported max data rate = 28 Mbps @ {20MHz, NL=1, Qm=2, ScalingFactor=1.0}
· Example 2-2) Supported max data rate = 28 Mbps @ {10MHz, NL=1, Qm=4, ScalingFactor=1.0}
· Wearables
· Reference bit rate: 10-50 Mbps in DL and >= 5 Mbps in UL for smart wearable application 
· Peak bit rate: 150 Mbps in DL and 50 Mbps in UL
· Example 3-1) Supported max data rate = 170 Mbps @ {20MHz, NL=2, Qm=6, ScalingFactor=1.0}
· Example 3-2) Supported max data rate = 227 Mbps @ {20MHz, NL=4, Qm=4, ScalingFactor=1.0}
Based on the calculations above, it is observed that for wearables use case the maximum UE bandwidth should be no smaller than 20 MHz, while for IWS use case it can be 5 or 10 MHz to support a few MHz of peak data rates. 
Observation 4: The maximum UE bandwidth(s) of the reduced capability NR devices varies from 5 to 20 MHz depending on the target use cases.
	With the varying required maximum UE bandwidths, there are two alternatives we can proceed with:
· Alt.1 Support the three use cases with a single device type with the maximum UE bandwidth >= 20 MHz
· Alt.2 Support the three use cases with multiple device types (e.g., one with maximum UE bandwidth >= 20 MHz, another with maximum UE bandwidth = 10 MHz, etc.)
As there is a trade-off b/w Alt.1 and Alt.2 as discussed in our companion paper [2], we need to discuss whether we support the three use cases above via a single device type or multiple device types taking into account the pros and cons of each of the two approaches.
Proposal 2: The maximum UE bandwidth(s) for the reduced capability NR devices are as follows:
· [20] MHz for FR1
· FFS for FR2
Proposal 3: Discuss whether we support the three target use case with a single device type or multiple device types.
	As the three use cases requires different peak rates between uplink and downlink, and NR already supports the framework for reporting bandwidth capabilities of UL and DL separately, the bandwidth capability can be different in UL and DL. That is, the UE bandwidth reduction feature can apply differently to UL and DL. 
2.3. Relaxed UE processing time
	Bandwidth reduction enables the reduced capability NR devices to reduce the clock speed, processing complexity, and power consumption. The reduced capability NR devices with the reduced maximum UE bandwidth may not have to support the high clock speed in which case further power saving can be achieved via relaxing the processing time for DL reception and UL transmission. The scheduling/HARQ-ACK timings with slot granularity K0, K1, and K2 in RRC_CONNETECTED mode can already seem to be relaxed enough in the current specification as the K0/K2 for PDSCH/PUSCH ranges from 0 to 32, and the K1 for PDSCH-to-HARQ timing ranges from 0 to 15. Thus, considering the ranges of the scheduling/HARQ-ACK timings and the cross-slot scheduling feature in NR power saving WI, the relaxation of scheduling/HARQ-ACK timings for the reduced capability NR devices after UE capability transfer in RRC_CONNECTED state are already sufficiently supported.
Observation 5: Scheduling/HARQ-ACK timing offset in the current specification is already large enough, thus the reduced capability NR devices with relaxed processing time can be supported without specification impact.
	The issue in our view is whether we need to introduce a new table for N0/N1/N2 to represent the processing time for the reduced capability NR devices.
Proposal 4: Study if a new capability (table) for N0/N1/N2 is required for the reduced capability NR devices.
	It can be different during the random access procedure. The scheduling/HARQ-ACK timing before reporting the capability parameters are defined assuming the UE processing capability 1. However, the reduced capability NR devices with relaxed UE processing time may not be able to satisfy the UE processing capability 1. For example, the minimum gap between msg2 PDSCH last symbol and msg3 PUSCH first symbol is N_T,1+N_T,2+0.5ms with N_T,1 and N_T,2 chosen based on the numerology and spanning only dozens of symbols, where the reduced capability NR devices may not be able to meet. The relaxed scheduling/HARQ-ACK timing with slot granularity before reporting the capability should be discussed considering relaxed processing capability.
Proposal 5: Study if the scheduling/HARQ-ACK timing with slot granularity during RACH procedure needs to be relaxed with the introduction of the relaxed UE processing time feature for the reduced capability NR devices.
3. Conclusion
	In this contribution, we present our view on the potential UE complexity reduction features for the reduced capability NR devices.
Observation 1: Study is needed on the number of Rx/Tx antennas required for each of the three use cases and on the coverage loss caused by the reduced number of antennas.
Observation 2: Bandwidth reduction can decrease power consumption and the cost of components while it can possibly degrade the coverage of PUCCH, PUSCH, PDCCH, and PDSCH.
Observation 3: Half-Duplex FDD can lower the cost of UEs without degrading the downlink coverage performance.
Observation 4: The maximum UE bandwidth(s) of the reduced capability NR devices varies from 5 to 20 MHz depending on the target use cases.
Observation 5: Scheduling/HARQ-ACK timing offset in the current specification is already large enough, thus the reduced capability NR devices with relaxed processing time can be supported without specification impact.
Proposal 1: The minimum UE bandwidth for the reduced capability NR devices are as follows:
· For FR1, 5 MHz or 10 MHz depending on the SSB SCS of the NR operating band
· For FR2, 40 MHz or 80 MHz depending on the SSB SCS of the NR operating band
Proposal 2: The maximum UE bandwidth(s) for the reduced capability NR devices are as follows:
· [20] MHz for FR1
· FFS for FR2
Proposal 3: Discuss whether we support the three target use case with a single device type or multiple device types.
Proposal 4: Study if a new capability (table) for N0/N1/N2 is required for the reduced capability NR devices.
Proposal 5: Study if the scheduling/HARQ-ACK timing with slot granularity during RACH procedure needs to be relaxed with the introduction of the relaxed UE processing time feature for the reduced capability NR devices.
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