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Introduction
Due to the higher carrier frequency in NR, operators may need to add more sites to ensure sufficiently good coverage comparable to LTE. Adding sites is costly and requires lengthy negotiations with building owners etc. Operators will face great challenges in ensuring sufficient coverage and cost effective deployments for NR. 
A new Study Item [1][2] was proposed to evaluate coverage performance of NR for eMBB and identify potential solutions for the potential coverage issues. As per the agreements in RAN #79, there was an email discussion on NR coverage before RAN #80 [3]. 
In this email discussion, companies were invited to provide views on the following questions.
· Q1: Which scenarios should be taken into account for NR eMBB? 
· Q2: Which frequency bands should be taken into account for NR eMBB?
· Q3: Which channels should be taken into account for NR eMBB? 
· Q4: Any other issues need to be considered?
Email discussion on NR coverage
Q1: Which scenarios should be taken into account for NR eMBB?
In this subsection, companies were invited to provide views on the scenarios for NR eMBB, e.g. Indoor hotspot/dense urban/rural/urban macro.
Table I: Views on scenarios for NR eMBB
	Companies
	Answers
	Comments

	China Telecom
	Urban macro and rural should be considered.
	Urban macro with ISD 500m and rural with ISD 1732m are two typical scenarios, where operators need to provide continuous and ubiquitous coverage. 

	AT&T
	Urban Micro (below rooftop), Urban Macro (above rooftop) and rural 
	Urban Micro scenario is mainly for FR2
Others are for both FR1 and FR2. 


	Ericsson
	Start scenario independent with supported coupling loss and isotropic loss (coupling loss + antenna gain). Then it is easy to map to specific scenarios
	A good start would be to look at the 3GPP coverage requirements in 38.913 on extreme coverage, e.g. “For a basic MBB service characterized by a downlink datarate of 1Mbps and an uplink datarate of 30kbps for stationary users, the target on maximum coupling loss is 143dB. At this coupling loss relevant downlink and uplink control channels should also perform adequately.”
Then we also need to fill in the link budgets in the IMT-2020 submission template.

	CATT
	Urban Micro，Urban Macro, Rural, Indoor hotspot
	To better understand link budgets for different scenarios including indoor hotspot should be evaluated.

	OPPO
	Typical NR deployment scenarios including Urban Micro，Urban Macro, Rural, Indoor hotspot 
	In those scenarios, one important objective is to try to reuse the LTE sites to save the operator’s investment and enable fast deployments.
We also share similar view as AT&T that the coverage for FR2 shall be carefully studied.  

	T-Mobile USA
	Urban macro, rural, indoor micro
	FR1 and indoor micro for FR2

	Reliance Jio
	Urban Macro and Rural scenarios to be covered
	The LMLC (Low Mobility Large Cell) requirements from IMT-2020 should be addressed either with an appropriate combination of the right waveforms and power OR through other means.

	Vivo
	Urban macro and rural for FR1 should be prioritized
	FR1 should be prioritized
The link budget calculation should consider the antenna model as well, this is important to evaluate different channels with different antenna assumptions. For example, a SSB/PBCH with a wider beam and a PDCCH/PDSCH with a narrow beam
Considering urban macro (ISD:500m) and rural (ISD1:1732m) in the TR38.913 as a start point

	BT
	Urban Macro, Urban Micro, O2I, Rural Macro
	It is desirable include outdoor-to-indoor aspects of coverage since users are expected to be utilizing NR indoors. 

	Indian Institute of Technology Hyderabad
	LMLC (Low Mobility Large Cell)  
	There are NR coverage requirements for LMLC use case which is a mandatory ITU requirement. This requirement specifies target for average SE but not cell edge SE. 

	ZTE
	Urban Macro and  Rural can be considered.
	For data channel, in addition to using link budget calculation and full buffer traffic mode, non-full buffer traffic mode with different antenna configurations can also be considered.
Regarding control channel, it is important to evaluate different channels with different antenna configurations, especially the configuration of massive MIMO.
FR1 can be given priority.

	Xiaomi
	Urban Macro, rural, and indoor hotspot
	FR1 should be prioritized

	Huawei
	Urban macro / Dense Urban with antenna height = 25m, and Rural with antenna height = 35m
Extreme long distance coverage can also be considered.
	For eMBB scenarios, the target rate might be dependent on scenarios.
· For Urban / dense urban, DL/UL target data rate can be 10 Mbps / 1 Mbps.
· For Rural, the target data rate may be lower.
For URLLC, target latency and reliability can follow ITU requirement as starting point.
We should also evaluate challenging O2I Penetration loss case.

	Samsung
	Urban macro and rural macro can be prioritized. Urban micro can also be considered 
	36.913 and 38.913 can be used as corresponding references for LTE and NR. For NR, also include FR2. 

	Lenovo, Motorola Mobility
	Scenario independent with supported coupling and isotropic loss.
	Can later map to specific scenario based on supported coupling + isotropic loss and can if desired also select corresponding appropriate interference to noise ratio at gNB (uplink link budget) and interference to noise at edge of cell UE. (downlink link budget).

	Spreadtrum
	Urban macro and rural for FR1, Urban micro and Indoor hot spot for FR2
	For FR1, network full coverage is one of the most important evaluation metrics for urban macro and rural eMBB scenarios. For FR2, the urban micro and indoor hot spot are the main application scenarios and it is beneficial for future efficient deployment to study the link budget performance.
Coverage study for FR1 should be prioritized. 

	Telstra
	Indoor hotspot, Dense urban, Rural, Urban macro, Extreme long distance coverage in low density areas
	It is desirable include outdoor-to-indoor aspects of coverage especially for FR2

	Orange
	Urban macro (500m inter-site distance)
	FR1 should be prioritized, including low band / high band combinations (DC / CA / SUL)
Scenarios presented in contribution R1-1711584, and related agreed WF R1-1711817 should be considered for reference

	China Unicom
	Urban Macro, rural and outdoor-to-indoor
	The continuous coverage is challenging considering the ISD assumption under urban macro and rural scenarios. 
Outdoor-to-indoor scenario also needs to be considered. 
FR1 should be prioritized.

	Nokia
	Coverage-limited scenarios are mainly rural and urban macro, while dense urban could also be coverage limited for outdoor-to-indoor.
	Any study should start with MCL analysis, with assumptions following those used for the IMT2020 analysis, e.g. the Rural-eMBB case which is suitable for the coverage case with SE requirements.




Q2: Which frequency bands should be taken into account for NR eMBB?
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In this subsection, companies were invited to provide views on the frequency bands for NR eMBB.
Table II: Views on frequency bands for NR eMBB
	Companies
	Answers
	Comments

	China Telecom
	n78
	

	AT&T
	FR2 (39GHz), FR1 (2GHz and 3.5GHz)
	mmWave NR deployment is an important deployment scenario which has very limited coverage.  In addition, we would like to study the schemes for FR1, especially uplink.

	Ericsson
	E.g. 800MHz, 3.5GHz, ~30GHz
	Easy to map to any frequency once we know the supported coupling loss for the numerology used. 

	CATT
	E.g. 800MHz, 3.5GHz, ~30GHz
	

	OPPO
	3.5GHz, the refarming bands(e.g., 800/900MHz) 
	Study shall be focus on those bands that NR would be deployed with high priority in the next few years.

	T-Mobile USA
	600MHz/700MHz/PCS and AWS, 3.5GHz, 37/39GHz and possibly new bands such as 24GHz and 47-48GHz plus redeployment of any existing LTE band
	Continue expanding on the current bands plus new bands. Also, it is important to fully understand and develop redeployment scenarios that will involve co-existence with LTE, NB-IoT, etc.

	Sprint
	n41
	

	Reliance Jio
	n42
	

	BT
	n78(urban) , n28(rural)
	Coverage level relative to LTE in B3 and B7 in the same environment (channel model, clutter etc) can provide useful benchmark.

	Indian Institute of Technology Hyderabad
	700MHz
	We need 3gpp TS to bot only exceed average SE but also provide proportional befit at cell edge. In our view the 700MHz test case specified by ITU is only one use case but LMLC as a concept targets large rural cells for higher frequencies as well. There will be significant NR deployments in a wide range of deployment in India.

	ZTE
	E.g. 3.5GHz
	

	Xiaomi
	3.5GHz and the possible refarming bands
	

	Huawei
	Including 800 MHz, 1.8 GHz, 3.5 GHz, ~30 GHz.
	FR1 with higher priority.
~30 GHz can be an option for Dense Urban scenario.

	Samsung
	800MHz, 3.5GHz, ~30GHz
	

	Lenovo, Motorola Mobility
	…, 800MHz, 3.5GHz, ~30GHz, …
	Coupling loss and Isotropic loss based approach.  Coverage/Deployment scenario path loss equation includes coupling loss, isotropic loss, and carrier frequency components to allow for mapping.

	Spreadtrum
	3.5GHz, 4.9GHz, around 30GHz
	3.5GHz and 4.9GHz are for urban macro and rural.
Around 30GHz is for urban micro and indoor hotspot

	Telstra
	n28, n78, n258
	FR1 and FR2 have equal priority for study

	Orange
	700 MHz (n28), 800 MHz (n20) and 3.5 GHz (n78) with a higher priority.
	Combination of low band and high band (e.g. with DC, CA or SUL) need to be considered when assessing specific frequency bands.

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]China Unicom
	n78, n1
	

	Nokia
	FR1 bands should be the primary focus for coverage at this stage. 
	



Q3: Which channels should be taken into account for NR eMBB?
In this subsection, companies were invited to provide views on the channels to be considered for NR eMBB, e.g. PSS/SSS/PBCH/PDCCH/PDSCH for DL, PRACH/PUCCH/PUSCH for UL.
Table III: Views on channels for NR eMBB
	Companies
	Answers
	Comments

	China Telecom
	Both DL and UL should be taken into account.
For DL, PSS/SSS, PBCH, PDCCH and PDSCH should be considered.
For UL, PRACH, PUCCH and PUSCH should be considered.
	NR Rel-15 standardization will be finalized in June 2018, but the coverage performance of control and data channels, has not been well studied and addressed.
It is desired to evaluate the coverage performance of control and data channels for both DL and UL, and identify any potential issues of control and data channels for NR.



	AT&T
	Both DL and UL. 
Beam management with non-ideal beam selection should be taken into account. 
	Focus on the most basic channels:
PSS/SSS, PBCH, PDCCH with default corset
PRACH, PUCCH, PDCCH, PUSCH


	Ericsson
	Downlink: PSS/SSS, PBCH, PDCCH and PDSCH
Uplink: PRACH, PUCCH and PUSCH 
Also look at specific messages such as message 2 and 3.
	

	CATT
	Both UL and DL channels
	Not only PSS, SSS, PBCH, PDCCH, PDSCH for DL, PRACH, PUCCH, PUSCH for UL but also specific messages should be looked into.

	OPPO
	All the UL and DL channels and signals
	All channels needs to be evaluated to see the coverage bottleneck. And the evaluation shall based on specific deta rate, latency and reliability requirement from ITU.
Especially, coverage of channels and signals for initial access(e.g.,SSB,RMSI,RAR/paging, MSGs during RACH procedure) and DL/UL control channels shall be carefully investigated to see whether there exists coverage bottleneck. 

	T-Mobile USA
	All UL and DL Channels
	Look for any congestion issues and ensure that the channels are fully optimized. 

	Reliance Jio
	Both UL and DL with a special emphasis on the UL (with appropriate High Power device considerations)
	

	Vivo
	All physical channels should be included. 
	Some examples as follows,
PSS/SSS, PBCH, PRACH, Msg3, ACK/NACK, PDSCH/PUSCH, PDCCH (dynamic SFI, default CORESET, normal scheduling)

	BT
	Both DL and UL 
PSS/SSS, PBCH, PDCCH and PDSCH.
PRACH, PUCCH, PUSCH and SRS.
	Evaluation should consider typical system-level aspects, i.e. typical dependence between signals and channels should be captured, e.g. SRS quality or beam reporting and selection imperfections should be taken into account.

	ZTE
	Both DL and UL.
	All channels and signals can be evaluated to identify possible coverage issues.
For uplink enhancements, the high power UE in difference frequency bands can be considered.

	Xiaomi
	All the DL and UL channels
	

	Huawei
	DL and UL channels taken into account beam management when used 
	

	Samsung
	All DL and UL channels
	All channels can be initially considered, and the coverage limiting ones can be identified after establishing target data rates (e.g. 1 Mbps for the DL and 30 kbps for the UL based on a maximum coupling loss of 143 dB per 38.913). Likely candidates are the PDCCH/PDSCH and the PRACH/PUSCH.

	Lenovo, Moto
	DL: PSS/SSS, PBCH, PDCCH, PDSCH
UL: PRACH, PUCCH, PUSCH
MSG2, MSG3, …
	CCHs, CCH configurations, and MSGs that determine cell edge. 
VoNR PDSCH/PUSCH with specific (e.g. AMR) codec rates
A few specific PDSCH/PUSCH data rates with some specified number of HARQ transmissions.

	Spreadtrum
	All DL and UL channels
	

	Telstra
	All UL and DL channels
	All channels to be evaluated and optimized for coverage, capacity & performance.

	Orange
	Both DL & UL
	Specific focus on UL PUCCH and low-bit rate UL PUSCH.

	China Unicom
	All the DL and UL channels
	Detailed scheme/ parameter should be provided, e.g. beamforming schemes for PBCH and PDCCH.

	Nokia
	Link budgets should be compared for all channels/signals in both UL and DL, to identify any imbalances, as well as PRACH procedure messages.
	



Q4: Any other issues need to be considered?
In this subsection, companies were invited to provide views on other issues to be considered if any.
	Companies
	Comments

	AT&T
	Frequency hopping for PUSCH and PUCCH, as we observed that frequency hopping schemes can be enhanced to improve the coverage. In addition, transmit diversity should be studied to improve the coverage.

	Ericsson
	Before going in to scenarios and frequencies, it would be good to start with supported coupling loss and isotropic loss. This will indicate if downlink and uplink data and control channel link budgets are balanced, or if there are bottlenecks that need to be addressed.

	CATT
	Some consideration on real deployment e.g. multi tier deployment, co-location with 4G sites and assumptions on antenna structure should also be considered. UL, DL data rate should be reasonable including support of SPS service e.g. voice. 

	OPPO
	Coverage for NR voice deployed on the NR bands, for services with stringent transmission latency requirement(such as interactive gaming) shall be studied.

	T-Mobile USA
	Voice continues to be the service that we must ensure works well. We cannot afford another experience like what happened with VoLTE. VoNR must be useful and meet regulatory requirements from day 1. Also, mixed numerology operations may be desirable when considering other use cases. Understanding the impact to the eMBB use case is a worthwhile study. Spectrum sharing continues to be an interesting topic and one that should be studied for the eMBB case. Evolution to digital beamforming for FR2.  

	BT
	It is desirable to consider effects of multi-user MIMO on coverage, e.g. through beamforming gain.

	ITTH
	1. Enhance both down link and uplink control and sync channel coverage for large cells
2. Enhance uplink RS to support pi2 bpsk for all frequencies of interest.

	Huawei
	Rel-15 features should be evaluated as baseline, e.g., beam management mechanisms for some of the bands; TDD + SUL operation, etc.

	Samsung
	Upon establishing the target DL/UL data rates (e.g. ones captured in 38.913 and possibly additional ones), potential mechanisms to improve coverage can be targeted to applicable channels. 

	Lenovo, Moto
	Pursue a Coupling – Isotropic Loss approach.  Determine if UL vs. DL control channels and messages (cell edge) coverage gaps.  Map to specific desired scenarios and carrier frequencies based on supported coupling loss/isotropic loss.

	Spreadtrum
	Since the Rel-15 techniques are very flexible and different companies may have quite different solutions to enhance the network coverage. Basic methodology and simulation assumptions on key PHY parameter setting should be first built to calibrate the results and the PHY technique directions which are allowed to adopt different schemes for performance evaluation and comparisons should be identified and confined to a set.

	Telstra
	High power UE (PC1 and PC2) should be considered in the analysis of UL channels, particularly for FR1 (TDD)

	Orange 
	It would be good to start with a consolidated link budget, with clear consensus on which channels are the limiting factors in Rel15, before proposing specific enhancements.

	China Unicom
	Combination of lower bands and higher bands should be considered as Rel-15 features, e.g. DC/ CA/ SUL. Voice continuity is important to look into. The whole picture should be brought not only for data service but also for voice. 

	Nokia
	The useful aspect of a potential study could be to identify and address link imbalances between different channels/signals based on link-budget/MCL analysis per channel.  
Enhancement features adopted in Rel-16 may anyway help to improve coverage more generally. 



Summary
In this contribution, a summary of email discussion was given. In the email discussion, 25 companies including 10 operators shared their views.
[bookmark: _GoBack]For Q1 on scenarios, 17 companies including 8 operators thought urban macro should be taken into account. 17 companies including 7 operators thought rural and LMLC should be taken into account. 9 companies including 3 operators thought urban micro and dense urban should be taken into account. 6 companies including 2 operators thought indoor hotspot should be taken into account. 3 companies thought the study can be a coupling loss and approach, 1st step is scenario independent with supported coupling and isotropic loss, then 2nd step is to map to specific scenarios. Several companies thought scenarios for FR1 should be prioritized.
For Q2 on frequency, for FR1, 12 companies including 4 operators proposed to study frequency 600/700/800/900MHz; 4 companies including 3 operators proposed to study frequency 1.8/2GHz; 3 operators proposed to study 2.6GHz; 17 companies including 7 operators proposed to study frequency 3.5GHz; 1 company proposed to study frequency 3.5GHz. For FR2, 1 operator proposed to study 24GHz; 7 companies proposed to study 30GHz, 2 operators propose to study 37/39GHz; 1 operator proposed to study 47-48GHz.
For Q3 on channels, the majority of companies shared the views that all UL and DL channels should be taken into account.
Regarding the other issues to be considered, 3 companies proposed to study the coverage of voice. 3 companies mentioned MIMO/beamforming for coverage. 2 companies mentioned to establish the target DL/UL data rates. 2 companies suggested to consider SUL. 1 company proposed to consider the real deployment e.g. multi-tier deployment, co-location with 4G sites and assumptions on antenna structure. 1 company proposed some enhanced solutions, e.g., frequency hopping, transmit diversity. 1 company mentioned high power UE for coverage enhancement. 1 company proposed to enhance uplink RS to support pi/2 BPSK for all frequencies of interest.
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