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Introduction
A study item on NR coverage enhancement was approved at RAN#86, including the following objectives (aspects that are not relevant to FR1 are de-emphasised in the following text):
[bookmark: _Hlk40204556][bookmark: _Hlk26857702]The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.


As a starting point to the study of NR coverage, RAN1 needs to agree on simulation assumptions, hence this document considers link level simulation assumptions that are appropriate for the coverage enhancement study in FR1.
This document also considers how coverage should be calculated in this study, basically boiling down to link level simulation to facilitate calculation of a hardware link budget for relevant NR channels and signals.

Observations on link budget from IMT-2020 self evaluation
The IMT-2020 self-evaluation study provided link budgets for NR in various deployment scenarios for PDSCH, PDCCH, PUSCH and PUCCH. These link budgets are provided in TR37.910 [3] (file C.2_LinkBudgetTemplate.zip). Table 1 details the differences in hardware link budgets between the data / control channels in various deployment scenarios and system configurations. The results for NLOS channels are summarized in this table. In the “PUSCH-PDSCH imbal.” common, a negative value (pink) indicates that PUSCH performance is worse than PDSCH performance, whereas a positive value (green) indicates that PUSCH performance is superior to PDSCH performance.
[bookmark: _Ref40181352]Table 1 - Imbalance between UL and DL link budgets from IMT-2020 self evaluation study
	scenario
	Duplex config
	PDSCH
	PUSCH
	PDCCH
	PUCCH
	PUSCH-PDSCH imbal.

	InH-eMBB
	DDDSU
	128dB
	129dB
	140dB
	157dB
	+1dB

	InH-eMBB
	DSUUD
	127dB
	130dB
	137dB
	158dB
	+3dB

	InH-eMBB
	DDDSU DDSUU
	126dB
	133dB
	139dB
	157dB
	+7dB

	InH-eMBB
	DDDDD DDSUU
	128dB
	133dB
	140dB
	157dB
	+5dB

	DU-eMBB
	DDDSU
	161dB
	143dB
	169dB
	158dB
	-18dB

	DU-eMBB
	DSUUD
	161dB
	150dB
	169dB
	161dB
	-11dB

	DU-eMBB
	DDDSU DDSUU
	162dB
	150dB
	169dB
	161dB
	-12dB

	DU-eMBB
	DDDDD DDSUU
	164dB
	147dB
	169dB
	160dB
	-17dB

	Rural-eMBB
	FDD
	156dB
	142dB
	167dB
	158dB
	-14dB

	Rural-eMBB
	DSUUD
	157dB
	145dB
	164dB
	153dB
	-12dB

	Rural-eMBB
	DDDSU DDSUU
	159dB
	146dB
	166dB
	155dB
	-13dB

	Rural-eMBB
	DDDDD DDSUU
	159dB
	142dB
	166dB
	155dB
	-17dB

	UMa-mMTC
	FDD
	150dB
	152dB
	151dB
	153dB
	+2dB

	UMa-URLLC
	[FDD]
	160dB
	142dB
	160dB
	144dB
	-18dB



There is a large imbalance to the detriment of UL in DU-eMBB and Rural-eMBB scenarios. This imbalance is primarily due to the higher aggregate transmit power that is applied in the DL compared to the UL. It is noted that the number of antenna elements at the gNodeB affects the link budget, but does not affect DL-UL imbalance, since the gNB transmitter array gain in the DL is the same as the gNB receiver array gain in the UL.
In scenarios where PUSCH is the limiting factor (DU-eMBB and Rural-eMBB), the PDSCH coverage is similar to the PUCCH coverage. Hence if PUSCH coverage is improved, the link will be broadly balanced between PDSCH, PUSCH and PUCCH.
In the DU, rural and MTC scenarios, the UL data rate is a small percentage of the DL data rate (3% for DU, rural-TDD and mMTC scenarios). Despite the relatively low UL date rate, UL coverage is still significantly less than DL coverage. The typical UL data rate supported is 0.22Mbps (for the DU and rural-TDD scenarios).
The evaluation assumes that the full gNodeB transmit power and the entire system bandwidth is applied to DL transmissions. In contrast, in the UL the full UE transmit power is applied and the transmission occupies a fraction of the system bandwidth. It is clear that multiple UEs could be multiplexed in the UL such that the aggregate system UL data rate is more similar to the aggregate system DL data rate than is initially apparent from inspecting the link budgets. In the Rel-17 coverage enhancements study, the gNB DL power and bandwidth resources should be split between multiple UEs. This is particularly the case for VoIP services where it is unreasonable to assume that the gNB’s full transmit power and bandwidth resources are applied to a single VoIP user in the DL.
We make the following observations relating to the results of the IMT-2020 self-evaluation study:
Observation 1: In the IMT-2020 self-evaluation study, in scenarios where the DL coverage is significantly greater than the UL coverage, the DL transmit power is significantly greater than the UL transmit power.
Observation 2: In a loaded system, the DL transmit power and physical resources need to be shared amongst multiple users, which will impact DL coverage. 
Observation 3: In a loaded system, multiple UL UEs can transmit at the cell edge using orthogonal resources, hence UL coverage should not be impacted.

Methodology of determining coverage
It is proposed that RAN1 initially considers data channels, since PUSCH was observed to be the coverage-limiting channel in the IMT-2020 self-evaluation study and PDSCH coverage can be used to compare data channel coverage imbalance.
Proposal 1: RAN1 initially considers data channel coverage based on simulation assumptions for data channels.
As the SID states, the coverage of NR channels should be based on link level simulation. Link level simulations can be used to derive an SNR operating point for each channel in question. 
Proposal 2: Coverage is calculated using link level simulations.
Coverage may be determined using a link budget, once the SNR operating point is known. The link budget is only required to produce a “hardware link budget” (using the terminology from the IMT-2020 self-evaluation study) and RAN1 doesn’t need to consider terms outside the 3GPP link (such as shadow fading margins, building penetration losses etc). RAN1 also does not need to determine a range / distance in order to determine coverage.
Proposal 3: Coverage is calculated as the “hardware link budget” from the IMT-2020 self-evaluation study.
In determining a link budget, RAN1 should agree on a set of common parameters (such as cable / connector loss, implementation margin, noise figure, power boosting gain, target BLER etc.). As long as all companies use a common set of such parameters, conclusions based on link budgets should be consistent. The parameters used in the IMT-2020 self-evaluation study can be used as a starting point. Values of some of the common parameters used in the IMT-2020 self-evaluation study for rural TDD scenarios are given in Table 2.
[bookmark: _Ref40392621]Table 2 - Common parameter link budget parameter values
	Link budget parameter
	value

	Target BLER
	10%

	Cable and connector losses
	UL: 1dB
DL: 3dB

	gNB TX/RX antenna gain
	8dB

	UE total transmit power
	23dBm

	gNodeB total transmit power
	46dBm

	UE noise figure
	7dB

	gNB noise figure
	5dB

	Receiver implementation margin
	2dB



Proposal 4: RAN1 agrees on values for a set of common parameters to be used in the link budget, including cable / connector loss, implementation margin, noise figure, power boosting gain, target BLER.
The focus of the study should be on improving NR coverage, rather than on balancing UL and DL link budgets. Hence a coverage target should be defined and RAN1 should aim to meet that coverage target.
Proposal 5: The study aims to achieve a target for enhanced coverage, rather than to balance UL / DL and control / data coverage.
Additionally, in order to simplify analysis, our preference is that an interference density term is not used in the link budget and calculations are based on noise density. 
Link level simulation assumptions
Table 1 lists some of the link level simulation assumptions that we think need to be considered for both UL and DL link level simulations. The table does not consider control channels, since these are not coverage limiting. Control channel coverage can be considered at a later stage of the SI.
[bookmark: _Ref40130662]Table 3 – Link level simulation assumption parameters for coverage enhancement study
	Parameter
	Value
	Comment

	VoIP data rate
	10 kbps in UL and DL
	There are many different VoIP codecs. 10kbps is chosen as a representative data rate that is consistent with the RAN plenary email discussion [2]. gNB power and frequency resources are split between VoIP users.

	eMBB data rate
	Urban: UL = 1Mbps, DL = 10Mbps

Rural: UL = 100kbps, DL = 1Mbps
	These data rates are a majority view from the RAN plenary email discussion [2]. Note that based on the results of the IMT-2020 self-evaluation study, we expect these data rates to result in an UL / DL coverage imbalance.

	Link level channel model
	TDL / CDL
	The specific TDL channel models chosen should be representative of urban (O-to-I) and rural scenarios. CDL channel models can be used if the coverage enhancement techniques so require.

	Velocity
	3kmph
Other velocities may also be simulated
	A 3kmph velocity was used for many scenarios in the IMT-2020 self evaluation study. Other velocities can be studied to determine the coverage-limiting velocity. 

	Carrier frequency
	4GHz
	

	SCS
	15kHz
	

	System bandwidth
	20 MHz
	20MHz was applied in the IMT-2020 self-evaluation study.

	Duplexing
	FDD or TDD-DSUUD
	Many deployment scenarios are UL limited. For TDD deployments, the UL coverage is better when there are more UL slots. Hence we assume as a starting point an UL-heavy TDD configuration. 

	Number of UE TX, RX antennas
	TX: 1
RX: 2
	While rel-16 specifications allow for a UE with more TX / RX antennas, the coverage enhancements SI should not assume such a UE. 1TX2RX UEs were considered in the IMT-2020 self evaluation [3].

	Number of gNodeB TX, RX antennas
	Scenario dependent
	[bookmark: _GoBack]This needs to be defined depending on the deployment scenario (e.g. urban O-to-I, rural etc.)

	Reference symbol configuration
	TBD
	Considers DMRS / CSI-RS / other reference symbol configurations.

The reference symbol configuration should be one that is appropriate for coverage-limited scenarios in Rel-16.



Proposal 6: RAN1 agrees on common values to be used in link level simulations, including VoIP data rate, eMBB data rate, link level channel model, velocity, carrier frequency, SCS, system bandwidth, duplexing mode including slot configuration for TDD, number or UE/gNB TX/RX antennas and reference symbol configuration.



Conclusion
This document has considered issues related to how RAN1 should analyse the NR coverage in FR1. The following observations and proposals are made:
Observation 1: In the IMT-2020 self-evaluation study, in scenarios where the DL coverage is significantly greater than the UL coverage, the DL transmit power is significantly greater than the UL transmit power.
Observation 2: In a loaded system, the DL transmit power and physical resources need to be shared amongst multiple users, which will impact DL coverage. 
Observation 3: In a loaded system, multiple UL UEs can transmit at the cell edge using orthogonal resources, hence UL coverage should not be impacted.
Proposal 1: RAN1 initially considers data channel coverage based on simulation assumptions for data channels.
Proposal 2: Coverage is calculated using link level simulations.
Proposal 3: Coverage is calculated as the “hardware link budget” from the IMT-2020 self-evaluation study.
Proposal 4: RAN1 agrees on values for a set of common parameters to be used in the link budget, including cable / connector loss, implementation margin, noise figure, power boosting gain, target BLER.
Proposal 5: The study aims to achieve a target for enhanced coverage, rather than to balance UL / DL and control / data coverage.
Proposal 6: RAN1 agrees on common values to be used in link level simulations, including VoIP data rate, eMBB data rate, link level channel model, velocity, carrier frequency, SCS, system bandwidth, duplexing mode including slot configuration for TDD, number or UE/gNB TX/RX antennas and reference symbol configuration.

References 
1. RP-193240. “New SID on NR coverage enhancement”. RAN plenary # 86. Sitges, Spain. December 2019.
1. [bookmark: _Ref40132118]RP-191886. “Summary of email discussion on NR coverage enhancement”. RAN plenary # 85. Newport Beach, USA. September 2019.
1. [bookmark: _Ref40133459]TR37.910. “Study on self evaluation towards IMT-2020 submission”.


