[bookmark: _Hlk763973]3GPP TSG RAN WG1 #102e	R1-2005580
e-meeting. 17-28 August 2020


Agenda Item:	8.6.1
Source:	Sony
Title:	On potential complexity reduction techniques for NR devices
[bookmark: _GoBack]Document for:	Discussion / Decision

Introduction
[bookmark: _Hlk40263883]A study item on complexity reduction for NR UE devices was approved at RAN#86 and was updated at RAN#88e, with the following objectives [1] (aspects that are less relevant for this agenda item are not included 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 

The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency
In RAN1#101e, the following agreements were reached on complexity reduction techniques to be studied:
##############################
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 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.

Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

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:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· 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.

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.
##############################

In RAN1#101e, the following agreements on the study of performance impacts were reached:
##############################
Agreements:
The evaluation of performance impacts includes at least peak data rate, latency and reliability (as needed for the use cases). Other performance metrics such as power consumption, spectral efficiency and PDCCH blocking probability may also be considered if appropriate for a specific technique.
##############################

This document provides our views on the following:
· Types of reduced capability device
· Complexity reduction techniques. The relative complexity savings and other impacts (max data rate, power consumption  etc) of the complexity reduction techniques are considered. The following complexity reduction techniques / aspects are considered:
· HD-FDD
· Reduced number of antennas
· UE bandwidth reduction
· Lower transmit power / impact of smaller antennas
The results of this study are to be collected and summarized in TR 38.875 [4].

Types of reduced capability device
While the SID envisages that there might be more than one type / capability of reduced capability NR UE device, it is desirable if there is only a limited number of different reduced capability categories. We envisage a broad split between the device types described in Table 1. These devices have some quite different requirements in terms of data rate, expected battery lifetime, form factor and mobility requirements.
[bookmark: _Ref40087418]Table 1 – Requirements for different types of reduced capability device
	Aspect
	High end wearable
	Low end wearable
	IWS
	Video surveillance

	Data rate
	UL: 50Mbps
DL: 150Mbps
	UL: 2Mbps
DL: 5Mbps
	2Mbps
	UL: 25Mbps
DL: [1Mbps]

	Form factor
	Constrained. Assume form factor is smaller than a smartphone
	Small.
	Small / medium
	Unconstrained

	Power consumption
	Assume 200mAh battery. May be tethered
	Assume 200mAh battery
	Up to 5Wh battery. Lasts few years
	Unconstrained. Likely mains powered

	Transmit power
	23dBm
	≤ 20dBm
	23dBm
	23dBm

	Mobility
	Mobile
	Mobile
	Static
	static

	Latency
	[<100ms]
	[<100ms]
	<100ms. 5-10ms for safety cases
	500ms



HD-FDD
HD-FDD complexity reduction is described in terms of the corresponding sections in TR38.875.
Description of HD-FDD feature
Half-duplex operation allows the UE to receive and transmit on different frequencies, but not at the same time. Half-duplex mode allows for UE complexity reduction by removing the need for a duplexer, which has two benefits. Firstly, replacing the duplexer with an RF switch directly eliminates the need for a costly duplexer component. Secondly, it is easier to support a wide range of bands in HD-FDD mode, facilitating the design of a “world modem” rather than needing to create multiple different device variants for different bands. A full duplex service can be supported over the HD-FDD link (just as a full duplex service can be supported over TDD, which is inherently half-duplex).
Maintaining the terminology from LTE-M, there are two types of HD-FDD operation:
· Type A. The UE has two local oscillators, one for the transmit chain and one for the receive chain. Support of two local oscillators allows for rapid switching between DL and UL. The switching time is of the order of one OFDM symbol.
· Type B. The UE has a single local oscillator which need to be switched between the transmit and receive frequencies. This switching takes a longer time: of the order of a timeslot.
Note that RAN4 should decide on switching time requirements during the work item phase.
Analysis of UE complexity reduction
HD-FDD reduces complexity by replacing a duplexer with an RF switch. 
If the UE supports multiple widely spaced bands, the complexity savings add up since duplexers for each band can be replaced with RF switches.
Note that for closely spaced bands, a single duplexer could support multiple of those closely spaced bands, meaning that complexity savings would not add up.
Analysis of performance impacts
The performance impacts from half-duplex operations are summarised in Table 2.
[bookmark: _Ref46763686]Table 2 – Performance impacts of Half-Duplex FDD operation
	aspect
	impact

	Peak data rate
	The peak data rate is reduced in several ways:
· The peak data rate cannot be simultaneously supported in the UL and DL. This issue only affects cases where the traffic model supports simultaneous UL and DL traffic.
· For DL-only traffic, some slots need to be assigned for ACK/NACK feedback in the UL. Use of sparser slots for UL feedback increases the data rate, but also increases the latency and potentially HARQ buffering requirements. An equivalent issue exists for UL-only traffic.
· Some time resource is lost due to the switching time requirements. For Type-A HD-FDD, the switching time is not that significant. 

	Latency and reliability
	Impacts on latency include:
· HARQ cycle times are increased if there are infrequent slots for HARQ feedback.
· DL traffic that arrives at the scheduler when UL is scheduled on the air interface cannot be scheduled until the air interface switches to DL. A similar issue exists for TDD, but since the assignment of DL and UL slots to a UE is more flexible for HD-FDD, the latency impact for HD-FDD is expected to be less than for TDD.

	Power consumption
	An HD-FDD UE uses an RF switch instead of a duplexer, where the RF switch has a lower insertion loss than a duplexer. The lower insertion loss leads to a higher power efficiency in the transmit chain and improved power consumption when transmitting.

An HD-FDD UE needs to be “on” for a longer time to transmit / receive data, due to the time required to schedule both DL and UL data. The UE will thus be “on” for a longer time before being able to return to a lower power light sleep / deep sleep state. This loss is expected to be less than the gain from the lower insertion loss. 

	Spectral efficiency
	While HD-FDD UEs operate according to half-duplex constraints, gNBs operate in a full-duplex mode (one UE can be scheduled in the DL while another UE is scheduled in the UL). This leads to no loss in cell spectral efficiency.
When switching time gaps cannot be scheduled to another UE, the switching time gap is unused resource, leading to a small loss in cell spectral efficiency. Since NR supports sub-slot allocation to UEs, the switching time gaps can potentially be assigned to other UEs.
The noise figure of an RF switch is less than that of a duplexer, allowing higher MCS to be applied to HD-FDD UEs. This aspect leads to a moderate improvement in cell spectral efficiency.

	PDCCH blocking prob.
	N/A

	Coverage
	Replacing the duplexer with a switch improves the UE noise figure which will lead to an improvement in the link budget. The switching time gap will have negligible effect on SINR requirements when DL or UL channels are assigned consecutively.
The coverage of HD-FDD UEs is expected to be at least as good as that of FD-FDD UEs.

	Network capacity
	As described in the “spectral efficiency” row of this table, HD-FDD should slightly improve network capacity due to the lower noise figure in the UE receiver. When one HD-FDD UE is being assigned DL resource, another UE can be assigned UL resource, allowing for all of the time / frequency resources in the cell to be used. 



Analysis of coexistence with legacy UEs
There is basically a good co-existence basis for HD-FDD UEs with legacy FD-FDD UEs since the same waveform is used. 
The gNB scheduler is aware of which UEs are half-duplex and which are full-duplex and can schedule accordingly. Prior to reception of signalling indicating HD-FDD capability, a gNB implementation can assume all UEs are HD-FDD during the initial access procedure. This is not expected to be a limitation since the initial access procedure is not likely to require simultaneous uplink and downlink transmission in legacy implementations.
The basic framework for coexistence between eMBB and URLLC UEs in Release-16 involves pre-emption for DL transmissions and cancellation for UL transmissions. HD-FDD UEs also need to coexist with URLLC UEs. This coexistence can be achieved by:
· HD-FDD UEs monitor for pre-emption indicator after receiving a NACK-ed PDSCH. Monitoring of the pre-emption indicator should take precedence over transmitting a low L1 priority PUSCH
· When an HD-FDD UE is transmitting in the UL, it switches to monitoring of UL CI if the HD-FDD UE is allocated a low L1 priority PUSCH that overlaps with the RUR of the UL CI. This allows a URLLC UE to be prioritised when there is an ongoing UL transmission from an HD-FDD UE.
Analysis of specification impacts
Support of HD-FDD UEs is likely to have minimal specification impacts. These specification impacts include:
· Requirements for switching time [RAN4]
· HD-FDD capability signalling [RAN2]
· DL pre-emption and UL cancellation when HD-FDD UEs share resources with URLLC UEs [RAN1]
· Prioritisation between eMBB  traffic and URLLC traffic for the cases of (1) eMBB DL and URLLC UL and (2) eMBB UL and URLLC DL [RAN1]
Reduced number of UE RX / TX antennas
Reduction in the number of UE RX / TX antennas is described in terms of the corresponding sections in TR38.875.
Description of reduction in number of UE RX / TX antennas
There are several aspects to the reduction of the number of RX / TX antennas. 
When an antenna is removed, the associated RF transmit / receive circuitry is also removed. Hence removal of an antenna reduces the required number of LNAs and PAs. When the UE supports multiple bands that are widely separated in frequency, the UE may need to support multiple LNAs / PAs per antenna. In this case, reduction in the number of RX / TX antennas leads to cumulative complexity savings for multi-band devices.
For FR2 devices, an antenna module can be a reasonably complicated device in itself. Hence for FR2, removal of an antenna leads to a significant cost / complexity saving in terms of physical antennas.
Small form factor devices (e.g. wearables) are limited in terms of the available space for antennas. Supporting a smaller number of antennas may be pragmatic and practical for such small form factor devices. It may be better to support a single larger antenna with higher efficiency than two smaller antennas with a lower efficiency.
Analysis of UE complexity reduction
Reducing the number of antennas leads to complexity reduction through:
· Reduced number of antenna packages. This aspect is more relevant at FR2, where antenna packages can be a more significant contributor to complexity.
· Reduced RF complexity. The LNAs and PAs associated with each receive and transmit antenna that is eliminated can be saved. The complexity saving may multiply across bands when the bands are spaced sufficiently far apart that different LNAs and PAs are required.  
· Reduced baseband complexity. There is no need for the ADC, front-end digital filtering, sample buffering and channel estimation to be replicated for each receive antenna. This complexity saving does not replicate across multiple bands.
Analysis of performance impacts
The performance impacts from reducing the number of antennas are summarised in Table 2.
Table 3 – Performance impacts of reduced number of UE RX / TX antennas
	aspect
	impact

	Peak data rate
	When the peak data rate is achieved by multi-layer MIMO transmission, reducing the number of receive antennas reduces the DL peak data rate through a reduction in the number of layers. This issue will only cause a problem for high data rate applications and only for certain system bandwidths.

	Latency and reliability
	Reducing the number of receive antennas should not affect latency and reliability. While reducing the number of receive antennas increases the SNR requirements, this can be mitigated by the use of a lower MCS. The reliability (BLER) is controlled by the MCS applied and, again, a lower MCS can be applied to maintain reliability.

Reducing the number of transmit antennas can increase the latency when the UE is at the cell edge since the higher SNR requirements might require a lower MCS to be used, which might lead to the need for MAC PDUs to be segmented and transmitted over a longer time period. Alternatively, repetition of transport blocks might be required, again leading to a higher latency. Reliability is not affected provided an appropriate MCS is applied.

	Power consumption
	There is an inherent reduction in RF and baseband power consumption when the number of transmit and receive antennas is used. This power consumption reduction comes from the smaller number of components / silicon area that needs to be powered on.

However, a reduction in the number of antennas will lead to higher SNR requirements which are likely to be mitigated by the use of lower MCS or repetition. When transmissions are thereby extended in time, the UE is “on” for a longer time, leading to an increase in power consumption.

Overall, there is expected to be some increase in UE power consumption from reducing the number of transmit and receive antennas.  

	Spectral efficiency
	Reducing the number of antennas increases the SNR requirements which can be mitigated by use of a lower MCS. The lower MCS affects the UE spectral efficiency and the cell spectral efficiency.


	PDCCH blocking prob.
	The higher SNR requirements with a reduced number of antennas can be mitigated by the use of higher aggregation levels for PDCCH. These higher aggregation levels reduce the number of PDCCH that can be scheduled within a CORESET and hence lead to an increase in PDCCH blocking probability.

	Coverage
	Reduction of the number of receive antennas impacts the downlink coverage. 

Reduction of the number of transmit antennas has a smaller impact on coverage if the total UE transmit power remains the same. When the total transmit power remains the same, the main degradation from a reduced number of transmit antennas comes from reduced diversity.

	Network capacity
	Reducing the number of antennas increases the SNR requirements which can be mitigated by use of a lower MCS. The lower MCS means that fewer UEs can be simultaneously scheduled within the cell, which leads to a reduction in network capacity.




Analysis of coexistence with legacy UEs
Reduction of the number of TX / RX antennas should not lead to coexistence issues with other UEs.
The higher SNR requirements of single TX / RX UEs may be mitigated by the use of lower MCSs. There should not be any coexistence issue with legacy UEs for unicast channels. 
Provided broadcast channels (such as SIB, GC-DCI etc) can be operated at a lower MCS, Redcap UEs and legacy UEs should be able to coexist. If a lower coding rate is applied to the broadcast channels, the legacy UEs can be configured to decode these broadcast channels at the lower coding rate. Some broadcast channels, such as the MIB in the SSB blocks, have a fixed coding rate. In order to accommodate the degraded performance of the reduced antenna Redcap UEs, these fixed coding rate channels can be repeated. The repetitions are decodable by the Redcap UEs but should be transparent to the legacy UEs, hence there should not be a coexistence impact for broadcast channels.
Analysis of specification impacts
The specification impacts of supporting a reduced number of TX / RX antennas are expected to include:
· RAN4 performance requirements for UEs with a reduced number of antennas [RAN4]
· Coverage recovery techniques for unicast and broadcast channels. These are likely to affect mainly RAN1 specifications [RAN1].
· Signalling of reduced antenna capability. The gNB might need to know the number of UE antennas in order to decide on the maximum number of MIMO layers to schedule to the UE [RAN2].
UE bandwidth reduction
Based on the agreements in RAN1#101e and the updated SID that was agreed in RANP#88e, the following bandwidth capabilities are considered in the study:
· For FR1, a maximum UE bandwidth of ≥ 20MHz at least for initial access
· For FR2, a maximum UE bandwidth of ≥ 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

Reduction of UE bandwidth is described in terms of the corresponding sections in TR38.875.
Description of reduction of UE bandwidth
UE bandwidth reduction reduces complexity through reducing the amount of baseband processing required. Complexity reduction is achieved in ADC sampling, FFT processing, buffer sampling and channel estimation. 
Baseband processing can be reduced by reducing the bandwidth that the UE needs to decode in every time resource (OFDM symbol / slot). Some additional flexibility could be achieved by allowing a Redcap UE to decode a wider bandwidth, but where that wide bandwidth is not received by the Redcap UE in every time resource. The bandwidth processing can thus be averaged out over the whole time resource (for example, processing one 7-OFDM symbol sub-slot over a 40MHz bandwidth has a similar complexity to processing one 14-OFDM symbol slot over a 20MHz bandwidth).
While the bandwidth of RF components can be reduced, this is not expected to lead to significant cost saving, as was the case in the LTE-M study [3].
A maximum UE bandwidth of 20MHz for FR1 for initial access allows a Redcap UE to re-use the SSB blocks and CORESET#0 of legacy carriers and this helps in the coexistence / compatibility between Redcap devices and legacy devices.
Analysis of UE complexity reduction
Reduction of bandwidth reduces UE complexity in the following areas:
· ADC. The ADC can operate at a lower sampling rate, which reduces the size and power consumption of the ADC.
· FFT / IFFT. The complexity of these blocks scale as N × log(N), so a significant complexity reduction is possible in the FFT blocks.
· Post-FFT data buffering. The number of samples buffered is proportional to the product of the number of subcarriers and the number of OFDM symbols. 
· Receiver processing block, including channel estimation. The amount of processing required for channel estimation is proportional to the received bandwidth. Since receiver processing constitutes a relatively large proportion of the baseband complexity, bandwidth reduction has a reasonably large impact on the complexity of this block.
Reduction of bandwidth does not affect the LPDC decoding or HARQ buffer functions as the complexity of these functions depend on the data rate rather than the bandwidth.
Reduction of bandwidth does not affect the complexity of the synchronisation / cell search blocks since it has been agreed that the minimum UE bandwidth capability is greater than the bandwidth of the SSB and CORESET#0.
The UL processing block does not have significant complexity in the legacy device and any complexity saving in UL processing is likely to be minor, hence the complexity saving in the UL processing block does not need to be considered further.
The complexity reduction through bandwidth reduction affects the baseband components of the NR modem. Since the baseband components of the NR modem are common to the multiple bands supported by the UE, the complexity reduction due to bandwidth reduction do not add cumulatively across bands.
Table 4 summarises the expected complexity savings from bandwidth reduction. The estimates are for a Redcap device with a 20MHz bandwidth capability relative to the complexity of a reference device that has a 100MHz capability (as per agreements in RAN1#101e). The relative complexity breakdown in the reference device is assumed to be similar to that for eMTC [3]. A 20MHz Redcap device is hence expected to have a baseband complexity that is approximately 50% of that of the reference 100MHz-capable device.
[bookmark: _Ref46997841]Table 4 – Relative complexity savings for bandwidth reduction
	Functional block
	Relative complexity in reference device
	Effect of complexity reduction 
	Relative complexity in Redcap device

	ADC / DAC
	10%
	20%
	2%

	FFT / IFFT
	5%
	8%
	0.4%

	Post-FFT data buffering
	15%
	20%
	3%

	Receiver processing block
	30%
	20%
	6%

	LDPC decoding
	10%
	N/A
	10%

	HARQ buffer
	10%
	N/A
	10%

	DL control processing
	5%
	N/A
	5%

	SSB / cell search
	10%
	N/A
	10%

	UL processing block
	5%
	Not significant
	5%

	Total
	100%
	
	51.4%



Analysis of performance impacts
The performance impacts from operation with a reduced bandwidth are summarised in Table 2.
Table 5 – Performance impacts of reduced bandwidth
	aspect
	impact

	Peak data rate
	Depending on the amount of bandwidth reduction, peak data rate may be reduced if the peak data rate that can be supported in the bandwidth is less than the UE capability.

	Latency and reliability
	For larger message sizes, the latency can be increased if the large messages need to be segmented into multiple transport blocks and sent over multiple slots. There should be no impact on latency for IWSN devices that have lower data rate requirements.

For the use cases that are considered in this study, the UE is likely to operate in IDLE mode DRX or CONNECTED mode DRX states. In these cases, the latency associated with increased transmission time (due to the reduced bandwidth) is likely to be insignificant compared to the latency associated with the DRX functionality.

Reliability should not be impacted as it is envisaged that BLER targets can still be achieved at a reduced bandwidth.

	Power consumption
	The reduction in ADC sampling rate and baseband chip size associated with reduced bandwidth lead to some reduction in power consumption. However, when the achievable data rate is impacted (such as for burtsy higher data rate applications in worse SNR conditions), the UE has to be “on” for a longer period of time (rather than being in a more power efficient light sleep / deep sleep state) which tends to increase power consumption.

	Spectral efficiency
	Operation in a reduced bandwidth affects spectral efficiency if there is insufficient frequency diversity within the reduced bandwidth. For the EPA and ETU channels considered in LTE-M, sufficient frequency diversity was obtained within a 20MHz system bandwidth. Hence it is expected that for most OTA channels, bandwidth reduction will not have a significant impact on spectral efficiency.

	PDCCH blocking prob.
	N / A

	Coverage
	For most OTA channels, it is expected that there will be sufficient frequency diversity within a 20MHz channel bandwidth. In this case, reduction of UE bandwidth capability should not affect coverage.

	Network capacity
	As for the spectral efficiency row of this table, there should be little impact on network capacity from reduced UE bandwidth capability since there is sufficient frequency diversity in a 20MHz channel bandwidth for most OTA channels.

While the throughput per UE may be limited for a reduced bandwidth Redcap UE, multiple lower bandwidth Redcap UEs can be scheduled in the system bandwidth, meaning that the cell capacity for reduced bandwidth Redcap UEs should be similar to the cell capacity for legacy UEs.



Analysis of coexistence with legacy UEs
Since a reduced bandwidth Redcap UE and a legacy UE both operate with the same OFDM-based waveform and since the reduced bandwidth Redcap UE is able to reuse the initial access procedure, due to its 20MHz minimum bandwidth capability, the Redcap UE should be able to coexist with the legacy UE.
While in a legacy network, some broadcast channels, such as SIB, might be transmitted with a bandwidth of more than 20MHz, these channels are scheduled by the gNB and the gNB can choose to schedule such channels in a bandwidth of less than 20MHz instead. Hence a reduced bandwidth Redcap UE should be able to coexist with broadcast channels transmitted to legacy UEs.
In order to achieve accurate positioning measurements, it is desirable for the UE to measure PRS over a wide bandwidth. A reduced bandwidth Redcap UE is unable to measure the PRS across a wide bandwidth. This limitation could be mitigated if there is some time allowed after PRS for the reduced bandwidth UE to be able to perform processing of the wider bandwidth PRS over a longer time period.
Analysis of specification impacts
There are expected to be minimal specification impacts from a reduced bandwidth Redcap UE. The minor impacts envisaged include:
· Capability signalling defining that the UE supports a reduced bandwidth [RAN2]
· There may be some minor performance impacts that need to be considered in RAN4 [RAN4]
Lower Transmit Power / Impact of smaller antennas
At RANP#88e, the SID was updated to include the impact of smaller antennas on Redcap UEs:
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB

Several Tdocs from RAN1#101e raised the issue of reduced antenna efficiency for small form factor antennas [6][7]. This section discusses the implications of reduced antenna efficiency on UE transmit power.
Description of lower transmit power
The UE power class specifies the amount of radiated power from the antenna. The PA itself needs to generate more power than the radiated power in order to account for losses in any filtering / duplexing after the PA and to account for antenna efficiency. Figure 1 illustrates the losses between the PA and the radiated power. The power that the PA needs to produce in order to radiate a certain amount of power is determined as:

There are two ways to account for the reduced antenna efficiency due to small form factor devices:
· A lower transmit power is defined. The same PA can be used, but it is accepted that there will be a lower radiated transmit power.
· The PA power is increased to compensate for the reduced antenna efficiency and the radiated transmit power is unchanged. The higher PA power will draw more current from the battery, which may mean that a bigger battery is required to source the power to drive the PA (battery technologies have peak current limitations and in general a larger battery is required if higher peak currents are drawn). 
The approach of increasing the PA power and keeping the transmit power the same is mainly an implementation issue, although there are potentially some issues that need to be addressed related to current draw from small form factor batteries [8].
A lower transmit power can be achieved by implementing a lower power class. The minimum NR power class supports 23dBm (power class 3). To account for a 3dB loss due to a lower antenna efficiency, NR would need to support a 20dBm power class.
[image: ]
[bookmark: _Ref47024566]Figure 1 - Power loss between PA and radiated power

Analysis of UE complexity reduction
A lower transmit power allows either:
· The PA to be integrated into other elements of the NR modem / chipset. This integration would be possible if there is a small loss after the PA (i.e. integration is less likely if there is a small and inefficient transmit antenna).
· Smaller and less efficient antennas to be used without requiring a more powerful PA than for a normal / legacy UE.
Analysis of performance impacts
The performance impacts from smaller antennas / lower transmit power operations are summarised in Table 2.
Table 6 – Performance impacts of smaller form factor antennas / lower transmit power
	aspect
	impact

	Peak data rate
	The peak data rate is achieved in good SINR conditions. While lower transmit power would impact the percentage of the cell that has good SINR conditions, there would still be locations in the cell that could achieve sufficient SINR to a achieve the peak data rate that is achieved by legacy UEs.

Lower transmit power hence does not affect the UL and DL peak data rates.  

	Latency and reliability
	With a lower transmit power, towards the edge of the cell a lower SINR is achieved when there is a lower UL transmit power. The lower SINR can be mitigated by either transmitting using higher power spectral density transmissions (e.g. fewer PRBs / subcarriers), using a lower MCS or by using repetitions. In either case, the latency can be increased if large messages need to be segmented into multiple transport blocks and sent over multiple slots. 
Lower UL transmit power should have limited impact on latency of DL traffic, although it may be necessary to use more robust PUCCH formats.
Reliability should not be impacted as it is envisaged that BLER targets can still be achieved with a lower transmit power.

	Power consumption
	A lower transmit power can paradoxically lead to higher UE power consumption. In order to achieve a BLER target, the lower transmit power is compensated for by transmission over a longer time, such that a similar energy per bit is achieved. The overheads associated with a UE being “on” mean that the overall energy required to transmit a PDU at a lower transmit power is greater than at a higher transmit power.

	Spectral efficiency
	Use of a lower transmit power does not affect spectral efficiency if UL transmissions are sent at the same power spectral density as legacy devices. Higher power spectral density can be achieved by assigning smaller numbers of PRBs to UE UL transmissions or using sub-PRB transmissions. Note that resources that are not assigned to one UE may be assigned to a different UE such that the overall cell spectral efficiency is not impacted. 

	PDCCH blocking prob.
	N / A

	Coverage
	A lower transmit power will lead to a corresponding loss of coverage. The loss of coverage can be mitigated either by the use of higher power spectral density transmissions, lower MCS or repetition.

	Network capacity
	Lower transmit power would not affect network capacity if the coverage loss is mitigated with higher power spectral density transmissions. There would be a network capacity impact if any coverage loss were compensated for by repetition or use of a lower MCS. The network capacity loss is expected to be small since only cell edge UEs would require coverage recovery techniques to be applied. 



Analysis of coexistence with legacy UEs
It is noted that current NR releases already support operation with mixed power classes without coexistence issues (for example, band n41 supports both power class 2 and power class 3 UEs). A lower UE transmit power should also not have coexistence impacts. When sub-PRB transmissions are used for coverage recovery purposes, these transmissions can be scheduled in different PRBs to legacy UEs (note that orthogonal scheduling in different PRBs is the norm in Rel-16 in any case). 
Analysis of specification impacts
The specification impacts from lower transmit power UEs include:
· Definition of new UE power class [RAN4]
· The coverage recovery techniques of increased repetition and sub-PRB transmissions have RAN1 impact [RAN1]

Conclusion
This document has described the complexity reduction techniques, complexity impacts, performance impacts, coexistence issues and specification impacts from the following complexity reduction techniques:
· HD-FDD
· Reduced number of antennas
· UE bandwidth reduction
· Lower transmit power / impact of smaller antennas

The intention is that the analysis in this Tdoc should be used as an input when creating text proposals for TR338.875 [4].
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