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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
A new study item “New SID on support of reduced capability NR devices” was approved in RAN plenary #86. One of the objectives is [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.”
In this contribution, we discuss our views on potential coverage recovery techniques and the evaluation methodology for reduced capability NR devices. 
2. Discussions
2.1. Coverage recovery in relation to complexity reductions
Several of the candidate complexity reduction techniques discussed in [1] might degrade coverage for the device. The aim of coverage recovery should be to compensate for any coverage loss due to complexity reductions of the NR reduced capability device as elaborated in [4] and not to enhance coverage (which is in any case covered by the parallel coverage enhancements study [2] ).
In Release-13, RAN1 specified two coverage enhancement modes for eMTC devices: CE Mode A and CE Mode B. CE Mode A was mainly used for compensating complexity reduction techniques, whereas CE Mode B provided coverage enhancement (e.g. to provide connectivity in basements). The goal of the Rel-17 study on reduced capability NR devices should not be aiming to provide CEModeB-like levels of coverage enhancement, it should merely be looking to mitigate any coverage loss due to complexity reduction schemes. While mitigating coverage loss, coverage recovery schemes should aim to minimize specification impacts. 
[bookmark: _Toc40448438]Observation 1: Coverage recovery techniques only need to mitigate coverage loss due to complexity / capability reduction of NR devices.
[bookmark: _Toc40448439]Proposal 1: The specification impact of coverage recovery techniques should be minimized.
2.2. Potential functionality for coverage recovery
There are several potential functionalities that may be considered for implementing coverage recovery for NR reduced capability devices, as detailed in Table 1.
[bookmark: _Ref40452449]Table 1 – 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 enough 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 induces 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.

	Beamforming
	Beam forming gain may be used to mitigate coverage impairment. However it is challenging for a reduced form factor device that might not have space for the extra number of antenna modules and elements needed to support even more narrow beams on the device side. Furthermore, using more antennas / antenna modules on the device side contradicts the goal of reducing the complexity at the UE side. It is relevant to study how and to what level beamforming can be used for a reduced capability device and whether it is preferable instead to aim for added beamforming gain at the gNodeB side. 

	More DMRS/ CSI-RS/ etc
	More DMRS lead to better channel estimation. Fewer DMRS leave more resource elements available for data / control channels, lowering the coding rate applied to those channels, with an associated improvement in SNR performance. The optimal quantity and type of DMRS for coverage recovery purposes can be studied in this study item. 

	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
	Frequency hopping is supported in Rel-16 for PUSCH. Frequency hopping could also be applied in the DL, given that a candidate complexity reduction technique is to operate with a narrower bandwidth (the UE could hop between narrow bandwidth regions in order to get similar frequency diversity to wideband operation).
The study can also consider enhancements to UL frequency hopping, such as operation with more frequency hops in the frequency hopping pattern.

	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.

	Interference mitigations
	Coverage at the cell edge is also limited by interference from neighbouring cells. By studying enhancement of interference coordination, coverage might be improved.

	Tx output power
	The Tx output power of the device is constrained by regulation. In IoT scenarios the human presence next to the device will be less. Hence it may be acceptable to allow for higher output power to mitigate coverage problems. While it may be difficult for battery constrained devices to deliver high output power, for other use cases there may not be a battery limitation (such as for a mains-powered video surveillance camera).



[bookmark: _GoBack]While evaluating different techniques of coverage recovery, it is important to understand how they affect power consumption in the device. Choosing coverage recovery methods that match the intended device type is preferable.
[bookmark: _Toc40448446]Observation 2: Different coverage recovery techniques may be preferred depending on the use case for the device.
[bookmark: _Toc40448442]Proposal 2: The following techniques are considered for coverage recovery for reduced capability NR devices:
· Repetition / bundling
· Beamforming enhancements
· DMRS enhancements
· Compact DCI
· Frequency hopping enhancements
· Time interleaving
· Interference co-ordination / mitigation
· Higher UE transmit power
Proposal 3: Consider device power consumption while introducing methods for coverage recovery.
2.3. Evaluation methodology for coverage recovery
The three use cases, for reduced capability NR, video surveillance cameras, wearables and industrial wireless sensor networks (IWSN), are very different [1].  The evaluation methodology needs to be applicable to all three of these targeted use cases. Additionally, the evaluation methodology needs to be considered for both FR1 and FR2.
Two aspects of evaluation methodology need to be considered. Firstly, the link budget needs to be considered. Secondly, link level SNR performance needs to be considered. 
Our views on link budget are contained in [5] for the coverage enhancements study. Our main proposal is that the coverage is calculated as the “hardware link budget” from the IMT-2020 self evaluation study. The methodology of the link budget calculation from [6] needs to be adapted for FR2, where we note that in FR2 all channels need to be considered as it is possible that a channel other than PUSCH (which limits coverage in FR1 according to [6] ) is the coverage-limiting channel. 
Proposal 4: Coverage is calculated as the “hardware link budget” from the IMT-2020 self-evaluation study.
The link budget of the most coverage-constrained channel needs to be better than the target link budget. There does not need to be coverage recovery for channels whose coverage exceeds the target link budget.
Proposal 5: No coverage recovery is required for channels whose link budget exceeds the target link budget.
We think that the target link budget should be similar to that of an LTE category 1bis modem (where the study item description states that the minimum capability to be considered in this study is that of an LTE category 1bis modem). There is no need to achieve LPWA-like levels of coverage, as defined in the study item description. 
Proposal 6: The target link budget is based on that of an LTE category 1bis modem.
To support the link budget calculation, the second aspect in the evaluation methodology that needs to be considered is link level simulation in order to estimate the SNR performance of the channels. 
In FR1, link level simulations can be based on TDL channel models, as detailed in TR 38.901 [3] . If there are aspects of a coverage recovery technique that are not best illustrated with the TDL channel model, a CDL channel model can be applied, also detailed in TR 38.901 [3] . The details / parameterization of the TDL / CDL channel models used should be based on urban macro and rural scenarios. IWSN devices can be simulated with either TDL or CDL. If CDL is used for IWSN, the InF scenario detailed in TR 38.901 [3] may additionally be used.
In FR2, CDL channel models may be used.
Proposal 7: Link level simulations are aligned with those used for the coverage enhancements study. In FR1, both TDL and CDL channel models can be used. In FR2, CDL channel models are used. 

3. Conclusion 
In this contribution, we discussed our view on potential coverage recovery techniques for reduced capability NR and some views on the evaluation methodology for the reduced coverage devices.
This document makes the following observations and proposals:
Coverage recovery techniques
Observation 2: Coverage recovery techniques only need to mitigate coverage loss due to complexity / capability reduction of NR devices.
Proposal 1: The specification impact of coverage recovery techniques should be minimized.
Observation 2: Different coverage recovery techniques may be preferred depending on the use case for the device.
Proposal 2: The following techniques are considered for coverage recovery for reduced capability NR devices:
· Repetition / bundling
· Beamforming enhancements
· DMRS enhancements
· Compact DCI
· Frequency hopping enhancements
· Time interleaving
· Interference co-ordination / mitigation
· Higher UE transmit power
Proposal 3: Consider device power consumption while introducing methods for coverage recovery.

Evaluation methodology
Proposal 4: Coverage is calculated as the “hardware link budget” from the IMT-2020 self-evaluation study.
Proposal 5: No coverage recovery is required for channels whose link budget exceeds the target link budget.
Proposal 6: The target link budget is based on that of an LTE category 1bis modem.
Proposal 7: Link level simulations are aligned with those used for the coverage enhancements study. In FR1, both TDL and CDL channel models can be used. In FR2, CDL channel models are used. 
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