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Introduction
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 relating to coverage recovery and network capacity [1]:
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
This document considers the impact of small form factor antennas on coverage, the complexity reduction techniques that potentially require coverage recovery, potential functionality for coverage recovery and the potential impact of Redcap techniques on network capacity.
Coverage recovery vs coverage enhancement
The parallel coverage enhancements SI considers the improvement of coverage at the cell edge: it is concerned with improving the link budget for cell edge formats. 
In contrast, the Redcap SI is concerned with recovering coverage that is lost due to complexity reduction techniques. We consider that the coverage needs to be recovered at the reference bit rate, not the cell edge bit rate. We expect that recovering coverage at the reference bit rate will lead to different techniques being considered compared to the techniques considered for coverage enhancement.
Impact of small form factor antennas on coverage
A wearable Redcap device is likely to have a small form factor in comparison to the wavelength of the NR carrier and this leads to reduced antenna efficiency. This issue was raised in several Tdocs from RAN1#101e [2][3].
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. If the PA power compensates for the less efficient small form factor antenna, there is no impact on UL coverage.
Observation 1: If a reduced antenna efficiency of a small form factor antenna is compensated for with an increased PA power, the radiated transmit power is unchanged and coverage is not impacted.
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.
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[bookmark: _Ref47024566]Figure 1 - Power loss between PA and radiated power
The reduced antenna efficiency impacts not only the transmit chain in the UE, but also the receive chain. When the reduced antenna efficiency is modelled as a reduced antenna gain, the receiver link budget is impacted.
Furthermore, reduced UE capability can lead to reduced antenna gain and thereby coverage reduction compared to a legacy NR eMBB/URLLC UE. During the evaluation of legacy NR initial access operation, the assumption of UE antenna Tx gain is 5 dB. This particularly applies in FR2, in which the antenna gain is obtained by using multiple antenna elements to form a beam. We consider the Tx antenna gain of such reduced capability UE is lower, mainly due to the limited number of antenna elements. 

Observation 2: A reduced antenna efficiency due to a small form factor antenna impact mainly affects downlink coverage.
[bookmark: _Ref47623124]Complexity reduction techniques requiring coverage recovery
Table 1 indicates which complexity reduction techniques are expected to require coverage recovery. The table indicates that coverage recovery is not required for UL channels, unless the power class is reduced to allow for small form factor antennas. However DL coverage is expected to be impacted by reduction in the number of receive antennas, reduction in UE bandwidth and the use of less efficient small form factor antennas.
[bookmark: _Ref47473428]Table 1 – Coverage recovery requirements for complexity reduction techniques
	Complexity reduction technique
	UL coverage recovery
	DL coverage recovery

	HD-FDD
	Coverage improved
	Coverage improved

	Reduced number of antennas
	Not affected when reference UE has 1TX
	Several dB required to compensate for combining and diversity losses

	Reduced bandwidth
	Not affected. 
	Potentially impacted due to frequency diversity loss. Also impacted by power loss if PSD constant for gNB transmissions

	Less efficient small form factor antennas
	Not affected if power class the same. Impacted if power class is reduced.
	Some coverage recovery needed due to reduced antenna gain.



[bookmark: _GoBack]Observation 3: UL coverage recovery is not significantly required for Redcap devices.

The IMT-2020 self-evaluation study [4] and the initial results submitted to the coverage enhancements SI indicate that UL coverage is limiting in comparison to DL coverage. In this case, some loss of DL coverage will not affect the overall coverage of the cell.
Observation 4: The IMT-2020 self evaluation study and initial results from the coverage enhancements SI indicate that for many scenarios, NR coverage is UL-limited. Some loss of DL coverage will not affect the overall coverage of the cell. 
The justification section of the Redcap SID lists reference data rates for some Redcap use cases, as summarised in Table 2. It is assumed that the “reference data rate” refers to a data rate that the use case application typically (in some median / average sense) produces. It is apparent that IWS and video surveillance use cases are dominated by UL traffic, where Redcap techniques have little to no impact on coverage. It is also apparent that wearable use cases are dominated by DL traffic, where Redcap techniques do impact on coverage. Two of the Redcap techniques that have a larger impact on DL coverage are reduced number of antennas and less efficient small form factor antennas and these techniques are particularly applicable to wearable devices due to the small form factor limitation of wearables.
Observation 5: Redcap techniques impact DL coverage and “wearables” is the use case with significant DL traffic.
Observation 6: DL coverage recovery is required for wearable devices with a focus on Redcap techniques associated with small form factor devices.

[bookmark: _Ref47524605]Table 2 - Reference data rates for Redcap use cases
	Use case
	Reference data rate
	UL : DL split

	
	UL
	DL
	

	IWS
	2 Mbps
	-
	“UL heavy”

	Video surveillance (economic)
	2-4 Mbps
	-
	“UL dominated”

	Video surveillance (high end)
	7.5-25 Mbps
	-
	“UL dominated”

	High end wearable
	5 Mbps
	50 Mbps
	1:10

	Low end wearable
	2 Mbps
	5 Mbps
	1:2.5



Potential functionality for coverage recovery
Based on the discussion in section 4, it is apparent that the coverage recovery techniques for Redcap should be focused on DL coverage recovery. The coverage recovery techniques should be applicable for the reference data rates (which are in the “Mbps region”, rather than in the cell edge data rate region).
Table 3 considers the applicability of various coverage recovery techniques to NR Redcap devices.
[bookmark: _Ref40452449]Table 3 – Potential coverage recovery techniques
	Feature
	Comments

	Repetition / Bundling 
	Repetition is a good way for improving coverage, as used in LTE MTC. A small to moderate amount of repetition should be sufficient to mitigate the coverage reduction caused by a reduced capability device. The larger repetition quantities that can be applied in LTE-MTC are not envisaged, since only coverage recovery and not coverage enhancement is the goal.
Repetition improves coverage but at the cost of reduced data rate and usage of more system resources. As it also creates more delay it is only preferred for more delay tolerant applications. For example, many applications of the IWSN use case can tolerate this extra delay.
Given the reference data rate requirements for Redcap devices and the impact on network capacity / spectral efficiency, repetition is a low priority technique for Redcap devices.

	Lower MCS
	Operation at a lower MCS reduces the SNR requirement and improves the coverage / link budget. The choice of MCS is down to scheduler implementation. There would only be a specification impact if the current lowest MCS in NR specifications is not low enough to meet the SNR requirement. However, an MCS lower than currently supported in the NR specifications would be too low to meet the reference bit rate requirements detailed in the Redcap SID (see Table 2).

	Beamforming
	Beam forming gain may be used to mitigate coverage impairment. It is especially applicable to the Redcap DL, where there is no need for beamforming antenna arrays at the UE. 
Beamforming, where the onus of the beamforming is at the gNodeB side, is a good candidate for Redcap coverage recovery. 

	More DMRS/ CSI-RS/ etc
	More DMRS lead to better channel estimation. However for the reference data rates quoted in the SID, Redcap UEs are unlikely to be at the cell edge and unlikely to be operating in channel estimation limited regimes. 

	Compact DCI
	More compact DCI formats operate at lower SNR and hence can help to recover coverage. Work done on the compact DCI for URLLC could be taken as a starting point if any new compact DCI format is required.

	Frequency hopping
	In Release-16, NR already supports intra and inter-slot frequency hopping schemes with two hops for PUSCH. It is beneficial for the frequency selective channel with flattish fading across the transmission bandwidth, where the scheduler does not know the channel conditions (if the scheduler knew the channel conditions, it could apply frequency selective scheduling instead). Frequency hopping is also beneficial for interference averaging. 
For a Redcap UE that that has a reduced bandwidth capability, additional frequency diversity could be obtained in the DL through PDSCH or PDCCH frequency hopping.  

	Time interleaving
	Time diversity can be achieved if the transmission time of a physical channel is greater than the coherence time of the OTA channel. Time diversity can be achieved by time interleaving transmissions. A time interleaving technique would have an impact on latency, but this might not be too serious for some reduced capability devices, e.g. for an IWSN use case.



Impact of Redcap techniques on network capacity and spectral efficiency
It was observed in section 4 that Redcap techniques are not expected to impact UL coverage. It is hence also expected that Redcap techniques will not impact UL network capacity.
Observation 7. Redcap techniques do not have a significant impact on UL coverage.
Proposal 1: The impact of redcap techniques on UL network capacity is de-prioritised.

It was also observed in section 4 that IWSN and video surveillance use cases have UL-heavy traffic. Given that there is little DL traffic and given that there is not likely to be an antenna efficiency impact with these devices (they are not necessarily small form factor devices), Redcap devices for IWSN and video surveillance use cases should not impact network capacity.
Proposal 2: The impact of Redcap techniques on DL network capacity for IWSN and video surveillance use cases is de-prioritised.
The reference data rates for wearable devices indicate that the traffic for wearable devices is DL-dominated (see Table 2). It is also observed that Redcap techniques will affect DL coverage, rather than UL coverage. Since coverage recovery techniques potentially lead to lower spectral efficiency, DL coverage may need to be recovered and wearable devices have DL-dominated traffic, the impact of Redcap techniques on network capacity should focus on wearable devices.
Proposal 3: The impact of Redcap techniques on network capacity should prioritise consideration of the DL network capacity impact of wearable devices.
The impact of Redcap techniques on network capacity should consider both:
· The impact of single Redcap techniques on network capacity.
· The impact of a collection of Redcap techniques on network capacity. The impact of a collection of techniques may be less than the impact of a single technique since some techniques (such as HD-FDD) act to improve coverage and network capacity. 


Conclusion
This document has considered the impact of small form factor antennas on coverage, the complexity reduction techniques that potentially require coverage recovery, potential functionality for coverage recovery and the potential impact of Redcap techniques on network capacity. 
This document makes the following observations:
Observation 1: If a reduced antenna efficiency of a small form factor antenna is compensated for with an increased PA power, the radiated transmit power is unchanged and coverage is not impacted.
Observation 2: A reduced antenna efficiency due to a small form factor antenna impact mainly affects downlink coverage.
Observation 3: UL coverage recovery is not required for Redcap devices.
Observation 4: The IMT-2020 self evaluation study and initial results from the coverage enhancements SI indicate that for many scenarios, NR coverage is UL-limited. Some loss of DL coverage will not affect the overall coverage of the cell. 
Observation 5: Redcap techniques impact DL coverage and “wearables” is the use case with significant DL traffic.
Observation 6: DL coverage recovery is required for wearable devices with a focus on Redcap techniques associated with small form factor devices.
Observation 7. Redcap techniques do not have a significant impact on UL coverage.
The document makes the following proposals:
Proposal 1: The impact of redcap techniques on UL network capacity is de-prioritised.
Proposal 2: The impact of Redcap techniques on DL network capacity for IWSN and video surveillance use cases is de-prioritised.
Proposal 3: The impact of Redcap techniques on network capacity should prioritise consideration of the DL network capacity impact of wearable devices.
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