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Discussion
1      Introduction
As per the agreements in RAN #79, there was a preliminary email discussion on NR coverage before RAN #80 [1]. In the email discussion 25 companies including 10 operators shared their views. Various scenarios were proposed for NR coverage study. The majority of companies thought coverage enhancement should be considered for both FR1 and FR2.
The study item “Study on Self-Evaluation towards IMT-2020 submission” [2] has been completed and the self-evaluation results from 3GPP have been submitted to ITU-R [3]. In the study item, the extensive link budget performance has been evaluated. It shows that the coverage of DL and UL is unbalanced and the coverage of control and data channel is unbalanced either.
In RAN#84, NR coverage enhancement was identified as one RAN work area for Rel-17 and RAN level email discussion was assigned [4] with the following guidelines:
· Clarify requirements for all relevant deployment scenarios focusing on extreme coverage (not including LPWA). Data rate target FFS. 
· Start from Rel-16 email discussion outcome
· Include both indoor as well as wide area 
We propose the email discussion comprises two phases:

· Phase 1 (till RAN#85): Further clarify the requirement and deployment scenarios starting from initial email discussion in Rel-16 and outcome of link budget evaluation for ITU submission.

· Phase 2 (from RAN#85 to RAN#86): Scope out the objectives for the SID or WID.

Considering the differences in deployment scenarios and target services, the relevant issues are discussed separately for FR1 and FR2 in this email discussion.

2      Email discussion on coverage enhancement for FR1
2.1     Scenarios
Based on self evaluation results from 3GPP towards IMT-2020 submission to ITU-R [3], the following deployment scenarios may have coverage issue for FR1.

· Indoor scenario
· Rural scenario
In this subsection, companies are invited to provide views on the following two questions for FR1.

· Q1: Whether both of the above two scenarios should be taken into account for coverage enhancement for FR1?

· Q2: Whether there are other deployment scenarios that need to be considered for coverage enhancement for FR1? Why?
Table I: Views on deployment scenarios for FR1
	Companies
	Indoor scenario (Y/N), comment if any
	Rural scenario (Y/N), comment if any
	Other scenarios? comment if any

	Samsung
	Yes
	Yes
	

	ZTE
	Yes. 

The scenarios where indoor UEs are served by outdoor gNB with higher frequency (e.g. 4GHz) should have the highest priority.

The scenario where indoor UEs are served by indoor gNB is not considered.
	Yes. 
	

	vivo
	Yes.
Study the scenario that indoor users served by outdoor gNB, which is similar to Macro/Micro  scenarios defined by ITU evaluation.

We think the scenario that indoor UEs served by indoor gNB is not considered in the study.
	Yes
	

	CATT
	Yes
It should be clarified that in indoor scenario, the gNBs serving the indoor UEs are located indoor as well.
	Yes
	O-2-I
For FR1, offering coverage to indoor users by gNBs located outside the building would be an important deployment scenario.

	Huawei, HiSilicon
	Yes
This scenario should be the coverage of outdoor to indoor, i.e. using an outdoor Macro base station to cover the indoor users.
	Yes
In this scenario, extreme rural scenario should be part of the rural scenario, i.e. for the desert, grassland where one base station may cover a long range as large as 100 km.
	The coverage scenario also need to cover the case that a UE is fixed or with very low speed, e.g. cameras mounted on a wall served by an outdoor macro network.

	NTT DOCOMO
	No for Outdoor to Indoor scenario

Yes for Indoor scenario

Both open space (LoS dominant, e.g. shopping mall, event hall), and closed space (N-LoS dominant, e.g. office, laboratory)
	Yes
	Urban scenario, Sub-urban scenario

	Qualcomm
	Consider outdoor-to-indoor scenario in urban deployment. 

Furthermore, both licensed and unlicensed spectrum should be studied.
	Outdoor-to-indoor scenario in rural deployment might be also considered.

If work prioritization is necessary, outdoor-to-indoor scenario in urban deployment should be prioritized.
	

	SoftBank
	Yes

Achieving sufficient indoor coverage is an important challenge for operators. However, the solution is not always cost effective. We want to investigate a nice approach in Rel-17.
	Yes
	

	Nokia
	
	
	Since NR has been shown to meet or exceed IMT2020 requirements, it needs to be clarified which additional targets are expected to be considered in this study. Having said that, there are imbalances on the link budgets identified in the IMT2020 evaluations. In order to address such imbalances we need to consider the target services and define the suitable performance targets for the system. In addition, we need to consider how different implementation aspects impact the overall system performance (e.g. antenna gain, tower height, tx power, etc).

	China Telecom
	Yes

Seen from the evaluation results and field test, the coverage of outdoor to indoor is critical.
	Yes
	

	Verizon
	Yes. FR1 as the coverage layer, we should consider all the scenarios. Indoor, rural, urban and suburban.

For indoor scenario, it should be clarified whether this scenario is indoor and/or outdoor gNB serving indoor UE. The indoor scenario should include at least outdoor gNB serving indoor UE.
	Yes
	Urban macro (Uma).  We need study if we can re-use currently footprint from Marco deployment even with FR1 in higher frequency



	Spreadtrum
	Yes

Outdoor-to-indoor scenario should be prioritized.
	Yes
	

	OPPO
	Yes
	Yes
	

	Telstra
	Yes, both Outdoor to Indoor scenario and Indoor scenario
	Yes, study should also consider ISD: 20km

	Extreme long distance coverage in low density areas, eg remote areas, out-to-sea, UAV, etc. 

	Xiaomi
	Yes

Study the scenario that indoor users served by outdoor gNB
	Yes


	

	Bell
	Yes

Outdoor gNB serving indoor UE
	Yes

Outdoor and Outdoor to indoor in rural should be considered
	Fixed and mobile scenarios

	AT&T
	Yes

Focus on outdoor to indoor coverage
	Yes
	Coverage enhancement for LTE and NR co-existence on the same frequency, coverage lost should be compensated.  

	Vodafone
	Outdoor to indoor. Uplink-downlink imbalance is an issue for wide TDD bandwidths with high order antennas and low user loading – with more slots allocated for downlink than uplink. Whilst there are existing standard mechanisms that could help, if there are mechanisms to further reduce uplink overheads to improve link efficiency and any control channel bottlenecks, it would be interesting to understand.  
	
	

	Korea Telecom
	Yes

The indoor UEs being served by outdoor gNB should be considered. 
	Yes
	

	China Unicom
	Yes.

Focus on outdoor to indoor scenario.
	TBD.

Second priority.
	

	ORANGE
	Yes, indoor coverage from macro cell is extremely important to make the most of macro deployments. Indoor coverage remains challenging in urban areas. Both high bands (e.g. n78) and low bands (e.g. n28) need to be considered.
	Yes, rural coverage is a key objective.
	

	TCL Communication
	Outdoor gNB to indoor UE in FR1 shall be one priority, including “deep indoor” use case which may be relevant to other studies as NR_Light & IIOT
	Outdoor UE including rural scenario with ISD similar to 2G.
	Unlicensed spectrum specific coverage study

Further enhancement to resolve UL/DL MCL imbalance

	Sierra Wireless
	Yes
	Yes
	

	CMCC
	Yes
	Yes
	Also some other eMBB deployment scenarios such as Dense urban. In the practical deployment, even the network topology has been planned for seamless coverage and most parts in the planned range are covered quite well, scattered coverage holes are found here or there due to the complicated structure of the buildings and infrastructures, where high penetration loss occurs in some spots in some directions. How to fix this kind coverage hole?  In LTE, it mainly relies on additional device/infra, e.g., repeater, relay or additional cells, which is not expected from the network operation point of view. Coverage enhancement of such kinds of coverage holes in specific direction should be considered.

	Ericsson
	Yes, at least implicitly
	Yes, at least implicitly
	Maybe the scenario doesn’t matter so much? Potential problems and solutions should be common across scenarios. 

	IITH, IITM, Tejas, RJio, CEWIT
	Yes
	Yes, rural settings with ISD on order of 12 km must be considered. 
	The UL-DL link budget imbalance identified must be addressed.

	FUTUREWEI
	Yes, and especially for outdoor to indoor coverage for middle band.
	Second priority
	Need to balance uplink and downlink coverage. NR with higher FR1 frequency to have coverage compared with LTE with lower FR1 frequency as well.

	BT
	Yes

Outdoor-to-indoor coverage is priority  in our perspective. Enhancements proposed should address should cover both NSA and SA type of deployments.
	Yes
	

	Charter Communications
	No to outdoor-to-indoor coverage

Yes to rural and indoor-only coverage
	Yes
	

	MediaTek
	Yes, the outdoor to indoor coverage scenario. The reference case for UL/DL slot configuration, the bandwidth and the band should be clarified at first. 
	Second priority. The target rural coverage in distance should be clarified at first to check whether there is any impact on preamble and CP length. Otherwise, the features for outdoor-to-indoor enhancement can be applied in nature with no need of much work.
	The outdoor-to-indoor is more for deep coverage whereas the outdoor-to-outdoor is more for the wide coverage and the coverage hole (deep coverage). The enhancement should be focused on the channel enhancement rather than any relay-based solution.

	Lenovo, Motorola Mobility
	Yes
	Yes. The coverage in rural area is more limited in the UL, so UL enhancement should be given higher priority than DL.  
	

	Dish Network
	Yes, outdoor gNB serving indoor UEs should be the area of focus. Unlicensed spectrum should also be considered. 
	Yes, rural environment with 60 km ISD (50% outdoor UEs) should be considered. The magic number of 30 km cell range was supported by 2G technology. No reason why 5G shouldn’t support it.
	

	Nomor Research 
	Yes  
	Yes, first priority. Up to 100 km coverage. 
	Extreme long distance coverage in low density areas, eg remote areas, out-to-sea, UAV, etc.

	LG
	TBD
	TBD
	Since target service determines supportable coverage in each scenario, it should be determined first what is the target data rate, latency and MCL to judge in which scenario coverage enhancement is necessary

	Telefonica
	Yes

Outdoor to indoor scenario
	Yes

Extreme rural scenario. Up to 100km
	


Summary
· Indoor scenario
· Outdoor gNB serving indoor UE: 37 companies, including 16 operators thought it should be taken into account. 
· Indoor gNB serving indoor UE: 4 companies, including 3 operators thought it should be considered. 

· Rural scenario

· Rural scenario: 37 companies, including 16 operators thought it should be taken into account. 
· Extreme long distance coverage: 6 companies, including 3 operators, thought it should be part of rural scenario.

· Other scenarios: 3 operators thought urban/ dense urban needs to be considered. 2 companies raised the issue of coverage hole. 3 companies, including 1 operator, mentioned the scenario with fixed UE or with very low speed

2.2     Services
During Rel-16 email discussion, it was proposed that the coverage performance of voice should be enhanced. In RAN#84, it was agreed that the target data rate for coverage enhancement should be clarified.
In this subsection, companies are invited to provide views on the following two questions for FR1.

· Q3: Which service(s) should be taken into account for coverage enhancement for FR1, e.g., VoIP, eMBB?

· Q4: What is the target data rate(s) for coverage enhancement for FR1?

Table II: Views on service for FR1
	Companies
	VoIP (Y/N), comment if any
	eMBB (Y/N) and target data rate(s), comment if any
	Other services, comment if any

	Samsung
	Yes
	Yes for mid-data rate, e.g., at least higher than LTE cell edge performance
	

	ZTE
	Yes. 

VoIP is the fundamental and one of the most important application of NR SA network, we think it is necessary to double-check and guarantee the coverage of VoIP.
	Yes. 

eMBB performance is very critical to show the advantage of NR network at the beginning of its rollout, so eMBB with different target data rates for different scenarios should be considered.
The target data rates defined in IMT-2020 self-evaluation can be considered as start point. 
	We think VoIP and eMBB are enough for the evaluation of this SI/WI, the coverage issue of other traffics (e.g. MTC or URLLC) can be studied in respective SI/WIs. 

	vivo
	Yes
	Yes
For eMBB UL data rate, medium data-rate should be guaranteed for NR, e.g., 1Mbps/2Mbps
	Other services may also be considered, e.g., services for MTC UEs. The relation to other identified Rel-17 work area [NR_light] should be carefully considered to avoid overlapping WI/SI scope and duplicated WG discussions.

	CATT
	Yes
	Yes
	

	Huawei, HiSilicon
	Yes
· A target uplink throughput for the VOIP using EVS encoding is from 5~100kbps for both uplink and downlink. To support the voice over NR, this data rate should be supported, especially for the rural area for basic voice services. 

· 5kbps is supported for the coverage enhancement for extreme coverage case
	Yes
· The desired target data rate depends on what service is provided in the coverage enhancement scenario.

· For indoor or urban scenario, mobile data rates of 10Mpbs DL and 1~2Mbps UL should be targeted

· For rural scenario including long distance scenario, the data rate could be 5~100kbps in the uplink and 100kbps~1Mbps in the downlink.
	· Economic video, e.g. CCTV camera for safe city and village. The data rate is 2~4Mbps per camera in the uplink [TR 22.804]

· Mid-end video, e.g, fish farm monitoring, hot spot monitoring. The data rate is 7.5~25Mbps per camera in the uplink

	NTT DOCOMO
	Yes (for coverage enhancement)

Target VoIP coverage for NR coverage enhancement could consider 3G/LTE refarming, e.g., 3G voice/VoLTE coverage
	Yes (for enhancement of target data rate coverage)

target data rate is at least larger than 1 Mbps
	URLCC (for enhancement of target reliability coverage)

Target reliability : [99.999] % reliability, [1] ms latency for [32] bytes

	Qualcomm
	VoIP might be considered.
	eMBB should be considered.

Target data rate should be good enough to support eMBB smart phone use cases. For urban deployment, UL target data rate could be 1Mbps with reduced MCL compared to VoIP.
	NR-Light coverage recovery/enhancement for smart wearables can be studied separately under NR-Light SID/WID.

	SoftBank
	Yes

VoIP is still an important application especially for low-bands, and it is important to ensure better coverage than 3G/LTE taking into account the spectrum refarming.
	Yes
	

	Nokia
	
	
	When considering the relevant services, it is important to consider the potential overlaps with other SI/WIs currently under discussion, such as NR-Light. Moreover, Rel16 features impacting coverage should be considered as well.

	China Telecom
	Yes
VoIP is the fundamental service and the coverage should be guaranteed.
	Yes

The target data rate of NR should be higher than that of LTE, e.g., 1~2Mbps for UL.
	

	Verizon
	VoIP, eMBB, URLLC.

For FR1 only case, under the coverage enhancement context, UR and LLC to be served with higher priority. 
	Scenario dependent.

Target data rate should be higher than LTE if with the same bandwidth
	

	Spreadtrum
	Yes
	Yes. eMBB should also be supported at cell edge. The coverage requirement in TR 38.913 should be well satisfied first. When the MCL is 140 dB, the target downlink data rate is 2Mbps and the target uplink data rate is 60kbps for stationary users. When the MCL is 143 dB, the target downlink data rate is 1Mbps and the target uplink data rate is 30kbps for stationary users.
	

	OPPO
	Yes

VoIP is the most fundamental service of SA NR. Thus its coverage should be guaranteed. 
	Yes

UL-heavy eMBB service should be focused in the study
	

	Telstra
	Yes, VoNR
	Yes
Rural: Cell edge user spectral efficiency per TR38.913, table 7.16-1.  DL: 0.18, UL: 0.09 (bits/s/Hz)
Extreme: DL 384kbps, UL 64kbps (mobile case)
	URLCC: evaluation to be performed to study the relationship between reliability and latency at cell edge (using typical URLLC packet sizes)

	Xiaomi
	Yes

Typical service should be guaranteed especially in rural scenario.
	Yes

Medium data rate
	

	Bell
	Yes

VoIP is critical service and coverage must match 3G 
	Yes

 Fixed services. DL: 50-100Mbps UL: 10 Mbps

For mobility, better than LTE and uplink video as a design requirement.  So not just low data rates at the limit, but increasingly support for higher data rates over an extended range.
	Video services

Fixed services

	AT&T
	Yes
	Yes, MBB service should be considered. 
	

	Korea Telecom
	Yes
	Yes
	

	China Unicom
	Yes.
	Yes.

At least larger than 1 Mbps for UL target data rate.
	

	ORANGE
	Yes, the system shall support a maximum of 400 ms E2E latency for VoIP services at the edge of coverage
	Yes,

for urban: 10 Mbps DL, 1 Mbps UL

for rural: 1 Mbps DL, 100 kbps UL at very cell edge
	

	TCL Communication
	Yes

VoIP shall be supported incl. for extented coverage scenario as rural deployment
	Yes, with spectral efficiency compliant with IMT2020 requirements in extended rural scenario (ISD [FFS])
	NR_Light and any R17 NR based IOTservice

	Sierra Wireless
	Yes, support data rates above 10kbps while maintaining physical layer latency of <100ms
	Yes

Minimum peak data rates: 

  2 Mbps for DL

  1 Mbps for UL

Note: the targeted peak data rates need to be higher than the customers required data rates because the customer’s experienced data rate in commercial deployed scenarios  will be lower than the peak rate.
	

	CMCC
	Yes. 

For coverage holes in specific directions, all the target NR services should be enhanced.
	Yes, medium data rate
	

	Ericsson
	
	Yes. No special requirements on data rates – any improvement with a reasonable benefit  and complexity can be considered
	

	IITH, IITM, Tejas, RJio, CEWIT
	Yes, VoNR services must also be considered
	Yes, order of 1 Mbps data rates must be considered at cell edge with large cell radius. Data rates higher than LTE must be targeted. 
	

	FUTUREWEI
	Yes
	Yes.
	For some services and scenarios, stationary and very low mobility can utilized for coverage enhancements

	BT
	Yes
	Yes
	

	Charter Communications
	Yes
	Yes
	

	MediaTek
	Yes, the reference case is LTE coverage.
	Yes, the reference case is LTE coverage.
	

	Lenovo, Motorola Mobility
	Yes. Use LTE as reference. 
	Yes. Should target higher data rate than LTE in similar scenario. 
	

	Dish Network
	Yes, VoNR is the fundamental and most important application to support for an NR SA network. Coverage should at least be extended to 30 km in rural case.
	Yes, and the target data rates should be considered carefully as they impact coverage 
	

	Nomor Research 
	Yes 
	Yes 
	For indoor scenarios the data rates should actually support data rates supporting AR/VR applications. 

	LG
	TBD
	TBD
	It should be largely rely on commercial demands. As a starting point, extreme coverage case(e.g., 143dB, DL/UL 1Mbps/30kbps) can be a baseline as guided during RAN plenary discussion

	Telefonica
	Yes: VoIP, MBB; IoT
	DL.100Mbps, UL:10Mbps
	


Summary

· VoIP: 37 companies, including 17 operators, thought VoIP is the fundamental service and the coverage should be enhanced.

· eMBB: 
· 38 companies, including 17 operators, thought eMBB should also be taken into account.

· 11 companies proposed that the target data rate should be higher than LTE. 17 companies provided the target data rate. The target data rate depends on the scenarios. 

· For indoor or urban scenario, most companies proposed that the target data rate for UL should be at least 1~2 Mbps; while several companies proposed that the target data rate for DL should be about 10Mbps. 

· For rural scenario, the target data rates of about 100kbps for UL and 1Mbps for DL were proposed. 

· The target data rates for extreme long distance coverage and fixed services were also mentioned.
2.3     Channels
During the Rel-16 email discussion, both UL and DL were proposed to be considered for coverage enhancement. Furthermore, self-evaluation results from 3GPP towards IMT-2020 submission to ITU-R [3] and field test results show that uplink is the bottleneck and especially PUSCH is the limited factor in terms of coverage for FR1.
In this subsection, companies are invited to provide views on the following two questions for FR1.
· Q5: Whether only UL or both DL/UL should be taken into account for coverage enhancement for FR1?
· Q6: Which channel(s) should be targeted for coverage enhancement for FR1?
Table III: Views on channels for FR1
	Companies
	Only UL, comment if any
	Both DL and UL, comment if any
	Channels, comment if any

	Samsung
	Yes (based on IMT-2020 self-evaluation)
	
	PUSCH, possibly PUCCH

	ZTE
	Depending on the evaluation results.
	Depending on the evaluation results.
we should firstly do evaluation for both DL and UL to identify which channels have coverage problem and then study coverage enhancement schemes for the channels with coverage problem.
	Basically, traffic channels (i.e. PUSCH and PDSCH) should have higher priority, but other channels should not be precluded if evaluation shows any coverage problem.

	vivo
	Both DL and UL should be evaluated
	We think both DL and UL should be evaluated in order to identify the potential bottleneck of coverage
	We expect a full evaluation of the DL and UL channels. Then we can identify the bottleneck of the coverage.

	CATT
	No. 


	Yes.
Comprehensive evaluations should be conducted to determine the bottleneck of coverage.
	Agree with vivo.

	Huawei, HiSilicon
	
	Both DL and UL should be taken into consideration, including the control channels such as the SSB and PRACH etc. 

To support an extreme coverage case the broadcast and control channels need to be taken into account. 
	All channels shall be considered. PUSCH, PRACH, PUCCH, SRS, and SSB may have higher priority.

	NTT DOCOMO
	
	Yes, especially UL for outdoor (for balanced UL and DL coverage), and DL for indoor (for lower BS Tx power)
	PUSCH, possibly PUCCH

PDSCH, possibly PDCCH

	Qualcomm
	For licensed spectrum, the focus should be on PUSCH enhancement.
	Broadcast PDCCH enhancement might be considered for licensed spectrum.

For unlicensed spectrum, DL channels may become bottleneck since gNB Tx power is similar to UE’s Tx power. Furthermore, due to EIRP limit, coverage of unlicensed cell may be limited. Therefore, DL data/control with EIRP limit for unlicensed spectrum should be considered.
	

	Nokia
	TBD
	TBD
	Please see earlier answers. The channels requiring enhancements, if any, would be identified once the relevant targets are defined and performance evaluated (for example to remove link imbalances between channels). 

	China Telecom
	Yes

Seen from the evaluation results and field test, UL especially PUSCH is the bottleneck.
	
	

	Verizon
	
	Both UL/DL should be evaluated. E.g., PUSCH, control information (carried on PUSCH), PUCCH, PRACH, PDSCH, PDCCH, and SSB should be evaluated.


	Based on evaluation results to target the bottleneck.

	Spreadtrum
	Yes
	
	PUSCH, possibly PUCCH

	OPPO
	UL channel should be the first priority
	Whether DL channels are included depends on further evaluation
	

	Telstra
	
	Both DL and UL should be considered
	All channels to be considered

	Xiaomi
	
	Yes

Both DL and UL should be evaluated to determine the bottleneck of coverage.
	Depending on the evaluation results.


	Bell
	TBD
	TBD
	Agree with most, need evaluation results to define limiting channels.

	AT&T
	
	PDCCH coverage in DSS (NR LTE co-existence in the same CC) needs to be enhanced. In DSS, NR PDCCH must avoid the whole LTE CRS symbol which result in coverage lost. We suggest to enhance PDCCH coverage for DSS use case
	

	Vodafone
	Yes – at least to identify if there is anything useful that could be done.
	
	

	Korea Telecom
	
	Both DL and UL should be considered.
	All channels shall be considered.

	China Unicom
	UL in first priority.

DL/UL depending on evaluation results especially for outdoor to indoor scenario.
	
	PUSCH. 

Other channels depending on evaluation results.

	ORANGE
	
	Both DL and UL should be considered. UL should be considered for both high bands and low bands as this is the limiting link. DL should be targeted mainly in high band (e.g. n78), as it can be paired with UL in a low band.
	All channels

	TCL Communication
	No
	Yes, both DL and UL shall be considered with particular attention to the current imbalance.

Further study for unlicensed operation is also needed.
	PUCH and PRACH primarily

	Sierra Wireless
	
	Both DL and UL should be considered
	Depending on the evaluation results.

	CMCC
	
	To fix coverage holes in some specific directions, both uplink and downlink channels need to be enhanced.
	

	Ericsson
	
	Yes
	We should avoid control channel bottlenecks, i.e. control channels should have at least as good coverage as data channels for relevant datarates. Our experience is that typically PUSCH is limiting.

	IITH, IITM, Tejas, RJio, CEWIT
	
	All UL and DL channels coverage to be revisited including control channels. The scenarios to be supported must also be clarified before identifying the enhancements.
	Link imbalances in UL and DL to be addressed.

	FUTUREWEI
	Yes, and in general uplink coverage is worse than that of downlink
	Downlink should also be considered depending on services and scenario
	All channels need to be considered

	BT
	No
	Yes
	As the end goal is live service improvement, evaluation of enhancements should be comprehensive, representative of live systems and capture inter-dependence between channels as much as possible. In particular we would like to see the effect on MU-MIMO transmission schemes in FDD and TDD (i.e. the impact of channels on performance of such schemes).

	Charter Communications
	Dependent on the evaluation assumptions and scenario
	Potentially yes
	

	MediaTek
	UL coverage enhancement depending on the evaluation compared to the reference case.
	DL coverage enhancement could be considered depending on the evaluation compared to the reference case.
	PUSCH, possibly PUCCH

	Lenovo, Motorola Mobility
	Both DL and UL should be evaluated.
	Both DL and UL should be evaluated. 
	

	Dish Network
	UL should be the first priority with emphasis on removing bottlenecks for coverage
	DL channels and signals should also be considered as second priority
	Any link imbalances should be remedied

	Nomor Research 
	UL first priority 
	DL second priority 
	

	LG
	TBD
	TBD
	Evaluation is necessary first since assumptions on the target data rate and coverage during IMT-2020 evaluations may not match new targets under discussion 

	Telefonica
	
	Both UL and DL should be evaluated
	


Summary 

· 30 companies, including 12 operators, thought both DL and UL should be taken into account. 5 companies thought which channels should be considered depends on the evaluation results.

· 10 companies proposed the coverage of PUSCH should be enhanced. 5 companies proposed the coverage of PUCCH should be enhanced. Enhancements on other channels, such as PDSCH/PDCCH/PRACH were also mentioned by several companies. 6 companies thought all the channels should be taken into account.
3      Email discussion on coverage enhancement for FR2

3.1     Scenarios
For FR2, coverage was not thoroughly evaluated during the self-evaluation campaign towards IMT-2020 submission. Companies are invited to provide views on which deployment scenarios should be taken into account for coverage enhancement for FR2 besides the proposal of indoor scenario at RAN#84.

In this subsection, companies are invited to provide views on the following two questions for FR2.

· Q7: Whether the indoor scenario should be taken into account for coverage enhancement for FR2?

· Q8: Whether there other deployment scenarios that need to be considered for coverage enhancement for FR2? Why?

Table IV: Views on deployment scenarios for FR2
	Companies
	Indoor scenario (Y/N), comment if any
	Other scenarios? comment if any

	Samsung
	Yes
	Dense Urban (in order to have thorough understanding on FR2 coverage)

	ZTE
	Yes 

We should focus on indoor hotspot (i.e. indoor UEs served by indoor gNB), which is regarded as the most typical scenario for FR2. 
	No, 

	vivo
	Yes
We think the scenario that indoor UEs served by indoor gNB can be studied

The scenario that indoor users served by outdoor gNB is not considered in this study.


	Other scenarios, e.g., dense urban, is not precluded.


	CATT
	Yes.
	No.

	Huawei, HiSilicon
	Yes
This scenario should be the coverage of outdoor to indoor, i.e. using an outdoor Macro base station to cover the indoor users.

Enhancements specified for FR1 can be reused for FR2.
	The coverage of dense urban scenario for outdoor users also need to be enhanced.

	NTT DOCOMO
	No for Outdoor to Indoor scenario

Yes for Indoor scenario

Both open space (LoS dominant, e.g. shopping mall, event hall), and closed space (N-LoS dominant, e.g. office, laboratory)
	Urban scenario

	Qualcomm
	The start point should be link budget analysis for UL/DL channels, independent of specific scenarios. The link budget can then be mapped to corresponding coverage per scenario. 

Indoor-to-indoor scenario should be considered.
	Outdoor-to-outdoor scenario should be considered.



	SoftBank
	Yes
	

	Nokia
	
	Since NR has been shown to meet or exceed IMT2020 requirements, it needs to be clarified which additional targets are expected to be considered in this study. Moreover, it is difficult to define what is meant by coverage in the FR2 indoor scenario. Having said that, there are imbalances on the link budgets identified in the IMT2020 evaluations. In order to address such imbalances we need to consider the target services and define the suitable performance targets for the system. In addition, we need to consider how different implementation aspects impact the overall system performance (e.g. antenna gain, tower height, tx power, etc).

	China Telecom
	Yes
	Dense urban

	Verizon
	Yes. For indoor scenario, it should be clarified whether this scenario is indoor and/or outdoor gNB serving indoor UE. The indoor scenario should include at least outdoor gNB serving indoor UE.


	Enhancement on both Indoor, outdoor urban (UMi)  
Suburban
Also special deployments, e.g., stadium and shopping mall model

	Spreadtrum
	Yes. Only Indoor to indoor scenario should be studied.
	Urban scenario should be considered

	OPPO
	Yes
	

	Telstra
	Yes, both Outdoor to Indoor scenario and Indoor scenario
	Suburban coverage scenario needs to be considered. 

Fixed wireless deployment scenario (study to consider both window mount & roof mount CPE)

	Xiaomi 
	Yes
	No

	Bell
	Yes

Indoor and outdoor to indoor
	Urban and dense urban and rural (fixed services)

	AT&T
	Yes, FR2 indoor coverage is a severe issue and must be enhanced
	Dense urban

	Vodafone
	
	Urban – uplink seems to be the main issue

	Korea Telecom
	Yes
	Dense Urban

	China Unicom
	Yes.
	

	ORANGE
	Indoor FR2 is a medium to low priority.

Indoor in case of FR2 should not consider indoor coverage from outdoor base stations, but indoor coverage from indoor hotspots.
	Coverage of outdoor CPE from outdoor base stations (i.e. for FWA) is a higher priority than handheld devices.

	TCL Communication
	Yes
	

	CMCC
	Yes, if the coverage issue has been justified
	The coverage enhancement schemes of FR1 can be reused to improve all deployment scenarios of FR2, such as hotspot deployment.

	Ericsson
	Yes
	Maybe the scenario doesn’t matter so much? Potential problems and solutions should be common across scenarios. 

	IITH, IITM, Tejas, RJio, CEWIT
	Yes
	Yes, urban scenarios.

	FUTUREWEI
	Yes, but not for outdoor to indoor coverage with very severe penetration loss.
	In general, the work should not be for FR2 with very severe penetration/blockage either for indoor or outdoor scenarios. Very low mobility should be the focus.

	BT
	Yes
	Street-level coverage

	Charter Communications
	Indoor-only scenario, excluding outdoor-to-indoor scenario
	

	MediaTek
	Yes, mainly for the indoor-to-indoor scenario.
	Depending on the service/use case, the reference case and the coverage target.

	Lenovo, Motorola Mobility
	Yes, mainly for indoor-to-indoor case. 
	TBD.

	Nomor Research 
	Yes 
	Dense urban 

	LG
	TBD
	Since target service determines supportable coverage in each scenario, it should be determined first what is the target data rate, latency and MCL to judge in which scenario coverage enhancement is necessary

	Telefonica
	Yes
	Urban scenarios


Summary 

· Indoor scenario: 38 companies, including 17 operators, thought indoor scenario should be taken into account. Among them, 14 companies, including 6 operators, thought indoor scenario refers to indoor gNB serving indoor UE; while 5 companies, including 3 operators, thought indoor scenario refers to outdoor gNB serving indoor UE. 

· Urban/dense urban: 18 companies, including 8 operators, thought urban/ dense urban should be taken into account.

· Fixed wireless access: 4 companies, including 3 operators, thought fixed wireless access also needs to be considered.

3.2     Services
In RAN#84, it was agreed that the target data rate for coverage enhancement should be clarified.
In this subsection, companies are invited to provide views on the following two questions for FR2.

· Q9: Which service(s) should be taken into account for coverage enhancement for FR2, e.g., VoIP, eMBB?

· Q10: What is the target data rate(s) for coverage enhancement for FR2?

Table V: Views on service for FR2
	Companies
	VoIP (Y/N), comment if any
	eMBB (Y/N) and target data rate(s), comment if any
	Other services, comment if any

	Samsung
	Yes
	Yes for mid-data rate
	

	ZTE
	Yes. 
	Yes. 

The target data rate of indoor hotspot in FR2 should be higher than that in FR1 considering larger spectrum bandwidth in FR2.
	No, 

we think VoIP and eMBB are enough for the evaluation of this SI/WI, the coverage issue of other traffics (e.g. MTC or URLLC) can be studied in respective SI/WIs

	vivo
	No.
	Yes
For eMBB UL data rate, medium data-rate should be guaranteed. The target UL data rate should not be worse than FR1 case.
	

	CATT
	No.
	Yes.
	

	Huawei, HiSilicon
	No
VoIP is not the typical service for FR2.
	Yes 
The desired target data rate depends on what service is provided in the coverage enhancement scenario.

For indoor or dense urban scenario, mobile data rates of 100 Mbps DL and 4 Mbps UL should be targeted.
	Same services as for FR1

	NTT DOCOMO
	Yes
	Yes (for enhancement of target data rate coverage)

target data rate is at least larger than several Mbps
	URLCC (for enhancement of target reliability coverage)

Target reliability : [99.999] % reliability, [1] ms latency for [32] bytes

	Qualcomm
	VoIP like traffic might be considered 
	eMBB should be considered.

Target data rate should be good enough to support eMBB smart phone use cases like 0.1 b/s/Hz at cell edge. Could consider supporting lower spectral efficiency.
	

	Nokia
	
	
	When considering the relevant services, it is important to consider the potential overlaps with other SI/WIs currently under discussion, such as NR-Light. Moreover, Rel16 features impacting coverage should be considered as well.

	China Telecom
	No
	Yes

The target data rate of FR2 should be higher than that of FR1.
	

	Verizon
	Maybe
	Yes. Use case dependent. UL min 5Mbps.   We notice some use cases are UL data centric that requires ~25Mbps or higher.   For FWA, target should be 75Mbps.


	

	Spreadtrum
	Yes
	Yes. The coverage requirement for eMBB UL in TR 38.913 should be well satisfied first. When the MCL is 140 dB, the target uplink data rate is 60kbps for stationary users. When the MCL is 143 dB, the target uplink data rate is 30kbps for stationary users.
	

	OPPO
	
	Yes
	

	Telstra
	Yes, VoNR
	Yes
Suburban: Cell edge user spectral efficiency per TR38.913, table 7.16-1.  DL: 0.18, UL: 0.09 (bits/s/Hz)
	FWA: DL 100Mbps, UL 20Mbps (at cell edge in 100MHz BW)

	Xiaomi 
	No
	Yes
	

	Bell
	Yes
	Yes

 Fixed wireless services. DL: 100Mbps UL: 20 Mbps

For mobility, better than LTE and uplink video as a design requirement.  So not just low data rates at the limit, but increasingly support for higher data rates over an extended range.
	Video services

Fixed Wireless services

	AT&T
	Lower priority
	Yes
	

	Vodafone
	No
	Yes – if something useful can be done for uplink.
	

	Korea Telecom
	Yes
	Yes
	

	China Unicom
	No.
	Yes, higher that FR1.
	

	ORANGE
	No, VoIP is targeted in FR1
	Yes
	

	TCL Communication
	Not a priority
	Yes

Cell edge data rate depends on scenario e.g.
- urban/SP >=0.1b/s/Hz
- outdoor UE FWA >=0.5b/s/Hz
	

	Sierra Wireless
	No, VoIP is targeted in FR1
	Yes

Minimum peak data rates: 

  2 Mbps for DL

  1 Mbps for UL

Note: the targeted peak data rates need to be higher than the customers required data rates because the customer’s experienced data rate in commercial deployed scenarios  will be lower than the peak rate
	Sierra Wireless

	CMCC
	No
	Yes
	

	Ericsson
	
	Yes. -
No special requirements on data rates – any improvement with a reasonable benefit  and complexity can be considered
	

	IITH, IITM, Tejas, RJio, CEWIT
	Yes
	Yes, Order of Mbps, higher than target set for FR1 band. 
	

	FUTUREWEI
	No.
	Yes. Higher than FR1
	Services with stationary/low mobility and high data rate

	BT
	No
	Yes
	

	Charter Communications
	No
	Yes
	

	MediaTek
	No.
	Yes, higher than FR1
	

	Lenovo, Motorola Mobility
	Yes.
	Yes, higher than FR1.
	

	Nomor Research 
	No 
	Yes, higher that FR1
	Support of data rates to support AR/VR outdoor to indoor. 

	LG
	TBD
	TBD
	It should be largely rely on commercial demands. As a starting point, extreme coverage case(e.g., 143dB, DL/UL 1Mbps/30kbps) can be a baseline as guided during RAN plenary discussion

	Telefonica
	Yes
	Yes. Higher than FR1
	


Summary 

· VoIP: 
· 15 companies, including 6 operators, thought VoIP is should be taken into account for FR2.

· 19 companies, including 9 operators, thought VoIP is not the typical service for FR2. 

· eMBB: 
· 36 companies, including 15 operators, thought eMBB should also be taken into account.

· 14 companies proposed that the target data rate for FR2 should be higher than FR1. 8 companies provided the target data rate. The target data rate depends on the scenarios. 

· For indoor or urban scenario, it was proposed that the target data rate for UL should be several Mbps, while the target data rate for DL should be tens of Mbps. 

· The target data rate for fixed wireless access was also mentioned.
3.3     Channels

In this subsection, companies are invited to provide views on the channels to be considered for coverage enhancement for FR2.

Table VI: Views on channels for FR2
	Companies
	Channels
	Comments

	Samsung
	PUSCH, possibly PUCCH
	Need to identify whether or not to consider other channels (including DL) based on evaluation campaign 

	ZTE
	Depending on the evaluation results
	We should firstly do evaluation and identify which channels have coverage problem. Then we can study the coverage enhancement schemes for the channels with coverage problem.

	vivo
	Depending on the evaluation results
	We expect a full evaluation of the channels for FR2. Then we can identify the bottleneck of the FR2 coverage.

	CATT
	Agree with ZTE and vivo.
	Comprehensive evaluations should be conducted to determine the bottleneck of coverage for FR2 as well.

	Huawei, HiSilicon
	Both DL and UL should be taken into consideration. 
	All channels shall be considered. 

	NTT DOCOMO
	PUSCH, possibly PUCCH

PDSCH, possibly PDCCH
	Especially UL for outdoor (for balanced UL and DL coverage),

DL for indoor (for lower BS Tx power)

	Qualcomm
	For DC with PScell in FR2, enhancements for SSB/PBCH and Msg1/2/3 should be considered.

For scenarios with Pcell or PScell in FR2, enhancements for broadcast PDCCH should be considered.
	Link budget analysis should consider different antenna configurations per channel, e.g. wider beams for initial access channels and narrow beams for channels in connected mode.

	Nokia
	TBD
	Please see earlier answers. The channels requiring enhancements, if any, would be identified once the relevant targets are defined and performance evaluated (for example to remove link imbalances between channels). 

	China Telecom
	Depending on the evaluation results
	

	Verizon
	Depending on the evaluation results
	Both UL/DL channel (even though currently UL coverage is more challenging, DL PDCCH may likely be next bottleneck)

So all channels, PUSCH, control information (carried on PUSCH), PUCCH, PRACH, PDSCH, PDCCH, and SSB should be evaluated.
We would like to see FR2 performance being evaluated as thoroughly as FR1 is.

	Spreadtrum
	Depending on the evaluation results
	Since the coverage performance of physical channels has not been well evaluated, it is early to determine which channel should be considered or not. Performance evaluation on coverage of each physical channel should be done first.

	OPPO
	UL is the first priority.

Whether DL is included depends on further evaluation
	

	Telstra
	DL & UL should be considered
	All channels to be considered

	Xiaomi 
	Depending on the evaluation results
	

	Bell
	Depending on the evaluation results
	Performance evaluation on coverage of each physical channel should be done first.

	AT&T
	Depending on the study outcome
	Optimized beam management, especially uplink beam management should be considered

	Vodafone
	UL – if something useful can be done
	

	Korea Telecom
	Both DL and UL should be considered.
	All channels shall be considered.

	China Unicom
	Depending on the evaluation results
	

	ORANGE
	UL is a higher priority than DL
	All channels

	TCL communications
	Synch, RACH, UL & DL
	Agree with above full evaluation needed first. And determine if imbalance similar to FR1 applies. 

	Sierra Wireless
	Both DL and UL should be taken into consideration. 
	All channels shall be considered. 

	CMCC
	Agree with ZTE, Vivo , CATT, etc. that the enhanced channels depending on the evaluation results.
	

	Ericsson
	
	We should avoid control channel bottlenecks, i.e. control channels should have at least as good coverage as data channels for relevant datarates. Our experience is that typically PUSCH is limiting.

	IITH, IITM, Tejas, RJio, CEWIT
	All channels to be considered without any prioritization based on the evaluation results. 
	FR2 and FR1 to be treated on par with each other.

	FUTUREWEI
	All channels may be studied for potential enhancements
	Depends on scenarios. Need to be realistic about the targeting scenarios and goals

	Charter Communications
	Depending upon the study outcome
	

	MediaTek
	Prioritize UL.
	Focus/Prioritize the common features for FR1/FR2 enhancement. Then check any additional/specific enhancement is needed for FR1 and FR2 respectively. FR1 can be the reference case to identify the proper features for coverage enhancement in FR2. 

	Lenovo, Motorola Mobility
	PUCCH, PUSCH as top priority.

PDCCH, PDSCH for study. 
	Enhancement to DL/UL reference signals should also be considered. 

	Nomor Research
	Uplink first priority 

Downlink second priority 
	

	LG
	TBD
	Evaluation is necessary first since assumptions on the target data rate and coverage during IMT-2020 evaluations may not match new targets under discussion

	Telefonica
	Depending on the evaluation results
	Full evaluation of all channels shall be considered.


Summary 

· 22 companies, including 9 operators, thought which channels should be considered depends on evaluation results, and expect thorough evaluation of the channels for FR2.

· 8 companies, including 5 operators, thought both DL and UL should be taken into account. And 9 companies thought all the channels should be taken into account.

· 5 companies proposed the coverage of PUSCH should be enhanced. 4 companies proposed the coverage of PUCCH should be enhanced. Enhancements on other channels, such as PDSCH/PDCCH, were also mentioned by several companies.
4      Conclusions
During the email discussion, 41 companies including 18 operators shared their views on scenarios, services and channels for coverage enhancement. Based on the discussion, we have following proposals.

Proposals for FR1:

Proposal 1: Indoor scenario (outdoor gNB serving indoor UE) and rural scenario should be taken into account for coverage enhancement for FR1.

Proposal 2: VoIP and eMBB service should be taken into account for coverage enhancement for FR1.

Proposal 3: Both DL and UL should be taken into account for coverage enhancement for FR1. And coverage enhancement for UL should be prioritized.
Proposals for FR2:

Proposal 4: Indoor scenario (indoor gNB serving indoor UE) and urban/dense urban scenario should be taken into account for coverage enhancement for FR2.

Proposal 5: eMBB is considered for coverage enhancement for FR2.

Proposal 6: Both DL and UL should be taken into account for coverage enhancement for FR2. And which channels should be considered depends on evaluation results.
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