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Discussion
1      Introduction

The study item “Study on Self-Evaluation towards IMT-2020 submission” [1] has been completed and the self-evaluation results from 3GPP have been submitted to ITU-R [2]. 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 [3] 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 

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.

During Phase 1 email discussion [4], 41 companies including 18 operators shared their views on scenarios, services and channels for coverage enhancement.
We propose Phase 2 email discussion comprises two sub-phases:

Phase 2-1 (till 11/8): Confirmation of the summary of Phase 1 email discussion; and discussion on potential enhanced solutions. 

Phase 2-2 (from 11/14 to 11/28): Scope out the objectives for the SID or WID.
2      Confirmation of the summary of Phase 1 email discussion

2.1     FR1

Summary of scenarios

· 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

Summary of services

· 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.
Summary of channels

· 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.
Based on the views of majority companies, we have following proposals:
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: For indoor scenario (outdoor gNB serving indoor UE), the target data rate for UL eMBB is 1~2 Mbps; and the target data rate for DL eMBB is 10Mbps. For rural scenario, the target data rate for UL eMBB is 50~100 Kbps; and the target data rate for DL eMBB is 1Mbps.

Proposal 4: Both DL and UL can be taken into account for coverage enhancement for FR1. And coverage enhancement for UL (including PUSCH and possibly PUCCH), should be prioritized.
If companies have any further concerns on the above proposals, please fill the following table.

	Companies
	Comments on proposal 1-4 for FR1, if any

	ZTE
	For proposal 1, it would be better to clarify whether rural scenario only includes outdoor UEs or both outdoor and indoor UEs (served by outdoor gNB). Other than that, we are fine with the above proposals.

	OPPO
	We assume a methodology for FR1 enhancement based on above proposals. Taking into account the above proposed data rate and scenarios, NR can be enhanced on the coverage of target channels listed above. 

For the proposal 3, we suggest also considering the date rate of VoIP. We can agree a commonly acceptable data rate for VoIP. The data rate can also be included into the evaluation scenarios. 

	CATT
	Regarding proposal 4, comprehensive evaluations should be conducted first to determine the bottleneck of coverage. After that, the channel(s) to be enhanced can be identified.

	AT&T
	We suggest to also consider the coverage enhancement for the LTE and NR co-existence (DSS) scenario. E.g. the PDCCH coverage lost due to DSS must be compensated for. 

	Nokia
	The proposed scenarios and target data rates capture the inputs from majority of operators in the first phase of email discussion, and it makes sense to have them considered for the coverage evaluations. As for proposal 4, the priority channels for potential enhancements will depend on the outcome of the evaluations, and hence it is premature to prioritize enhancements on a particular link direction at this stage. 

	vivo
	We support proposal 1-4 in principle. Furthermore, we think it is better to allow evaluation for both DL and UL to be equally treated before we draw any conclusions based on the evaluation results. Hence, for proposal 4, we propose to be modified as follows,

Proposal 4: Both DL and UL can be taken into account for coverage evaluation for FR1. The prioritization between DL and UL can be done after the evaluation.

	Nomor 
	In general, we support the proposals 1-4, but we suggest some refinements for proposal 1 and 3:  

In Proposal 1: The terms “indoor scenario and rural scenario” are not very clear. Our interpretation is that there are two scenarios. The urban scenario is modified to consider O2I only, while the rural scenarios remains as is. Therefore, we would like to clarify the wording to “urban (100% outdoor-to-indoor UEs) scenario and rural scenario”. 

Proposal 3: For UL eMBB a specific value should be defined and not a range of data rates. In our view we should select 100 Kbps since it was mentioned more often in the previous email discussion and corresponds more to eMBB than 50 kbps. A lower rate will anyway need to be considered for VoIP. 


We should get clear about these assumptions asap for a successful approval of the Rel.17 SI. Therefore, we would like to discuss and hopefully resolve two issues: 

Number of UEs for rural: To us it is not clear if we speak about support of a single UE with that data rate or support of several UEs. In our view several UEs should be supported in a rural cell and not a single UE. For Link Level Simulation a single UE assumption is fine, for System Level Simulations a larger number should be considered. In the previous discussion, 2 UEs per m2 were suggested for extreme rural. If that is the case, a traffic model will need to be defined because the number of active UEs will become far too high. 

Inter-site distance for rural: Are we talking about the rural C scenario with ISD=6 km? We also support the extreme rural scenario with up the 100 km, which was not supported by all companies. The argument was that problems might be similar to lower ISDs. We still think an ISD >6 km should be supported.
During the previous email discussion ISDs of 12, 20, 30, 60 and 100 kms were mentioned by Dish, Huawei, Telstra, IITH, IITM, Tejas, RJio, CEWIT, Nomor, Telefonica. We suggest that one larger ISD should be supported. ISD=30 km might be a good compromise between the different proposals. 

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	We support proposals 1-4. Specifically, for rural scenarios, the updated designs must support at least 12 km ISD along with the throughput requirements in proposal 3

	Telstra
	For Proposal 1, we would like to see extreme long-distance coverage captured as part of the rural scenario study. We agree with ISD=30km as proposed by Nomor but request the study use an isolated cell range limit of 200km. 

We are ok with Proposals 2-4.

	Xiaomi
	Generally we are fine with the proposals. Regarding the proposal 4, we need to do evaluation first to confirm the priority.

	Samsung
	For indoor scenario in proposal 3, it would be better to clarify whether the target data rate for UL eMBB depends on a TDD configuration or not. Based on the target data rate and scenario, the target performance in terms of coverage as well as solutions for coverage enhancement may be different. For instance, we think high target data rate such as 2Mbps, which is about 10 times higher than that considered in IMT 2020 self-evaluation, should be considered for specific TDD configurations (e.g., DSUUD) preferred for heavy uplink traffic. Otherwise, it makes sense to focus on target data rate of 1Mbps for more practical use cases.

	Ericsson
	Regarding proposal 1, we expect that many of the bottlenecks and solutions are common across scenarios, but it is interesting to verify the performance also in the extreme rural scenario.

	Huawei, HiSilicon
	We agree on the above proposals 1, 2 and 3.

We suggest finalizing the target data rates because evaluations won’t be conclusive if the target data rate remains a range. We suggest 2Mbps for the indoor urban macro scenario and 50kbps for rural scenario.

For FR1, it should be rather clear that uplink is still the coverage bottleneck, so the study on solutions for PUSCH and PUCCH can proceed directly without having to determine which channels to enhance first. The comparison of solutions for PUSCH just requires link-level evaluations with properly defined link budget targets. If enhancements for DL are also targeted, then the coverage gains for DL should also be ensured on the UL.

In addition various antenna configurations should be taken into account when defining the evaluation assumptions, e.g. massive MIMO base stations (which should provide better coverage than non-massive MIMO base stations). Frequency band is another factor should be taken into account in the evaluation assumptions, both TDD band and FDD band should be taken into account.

	NTT DOCOMO
	The Proposals are fine for us. In our understanding, the received power may not be limited for the Indoor scenario (outdoor gNB serving indoor UE) since the objective of the scenario is to extend the DL data rate of 10 Mbps area. Therefore, enhancement for data channels may be more important for the scenario. On the other hand, the received power may be limited for the Rural scenario, so that enhancement for both control and data channels and balanced UL/DL performance may be important.

	CMCC
	Agree with vivo that evaluations or analysis of the DL and UL channels could be done firstly according to the target data rate, and then determine which channels to be enhanced.

	Dish
	We support Proposals 1-4. For proposal 1, we like to propose 30 km ISD and both indoor and outdoor users to be considered for the Rural scenario. For Proposal 3, we like to propose a 10:1 ratio for DL:UL data rate for both scenarios, i.e. 10:1 Mbps for Indoor and 1000:100 kbps for Rural scenario.

	Vodafone
	Generally ok with all proposals. However, for the PUSCH bottleneck in macro outdoor-to-indoor scenarios, we think we should just try to improve as much as feasible the link efficiency rather than set specific data rate limits. For TDD those data rates will also depend on the UL/DL resource ratio used.

	Intel
	In general, we support the proposals 1-3. For Proposal 4, we share similar views as other company that comprehensive performance evaluation on various UL and DL physical channels needs to be conducted so as to identify which physical channels need to be enhanced in term of coverage. 

In our view, typically UL physical channels are the bottleneck for coverage compared to DL physical channels. Further, coverage enhancement for UL should have equal priority for both PUSCH and PUCCH.

	Verizon
	We support Proposals 1-4. For Proposal 1 we suggest to study the coverage for LTE NR DSS scenario. For Proposal 3, we appreciate this 2-scenario approach.

	Spreadtrum
	We support Proposals 1-4. For Proposal 3, we suggest the target data rate for indoor scenario (outdoor gNB serving indoor UE) should be well evaluated because the current value is aggressive. 

	LG
	As Nokia mentioned, the scenarios and data rates input from majority operators can be considered as baseline for coverage evaluation. However, necessity of enhancements in each scenario or prioritization between scenarios should be assessed based on the evaluation results.

More importantly, for the purpose of gap analysis, how to set the target coverage and/or target MCL should be discussed during this work area discussion or during the evaluation phase

	MediaTek
	For proposal 3, the bandwidth and UL/DL configuration to achieve the target data rate can be clarified.

For proposal 4, it may be OK but depends on the evaluation results. Besides, the generic solution is prioritized in principle.

The other proposals are fine.

	Qualcomm
	For proposal 1, indoor scenario should be changed to urban scenario. Furthermore, the focus should be on urban macro whose coverage is more limited than the dense urban (urban micro).

Per our feedback in Phase 1, we are interested in coverage enhancement for both licensed and unlicensed operation in FR1. It would be great if our view is captured in this summary as well.


2.2     FR2

Summary of scenarios

· 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.

Summary of services

· 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.
Summary of channels

· 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.
Based on the views of majority companies, we have following proposals:
Proposal 5: Indoor scenario (indoor gNB serving indoor UE) and urban/dense urban scenario should be taken into account for coverage enhancement for FR2.

Proposal 6: eMBB is considered for coverage enhancement for FR2.

Proposal 7: The target data rate for UL eMBB is 5 Mbps; and the target data rate for DL eMBB is 25Mbps. 
Proposal 8: Both DL and UL should be taken into account for coverage enhancement for FR2. Which channels should be considered depends on evaluation results.
If companies have any further concerns on the above proposals, please fill the following table.

	Companies
	Comments on proposal 5-8 for FR2, if any

	ZTE
	For proposal 5, it should be clarified if urban/dense urban scenario only include outdoor UEs, otherwise the target data rate in proposal 7 may not be possible for indoor UEs (served by outdoor gNB) with the assumption of penetration loss currently defined by 3GPP for indoor UEs served by outdoor gNB. 

we are fine with the DL target data rate in proposal 7 for indoor scenario (i.e. indoor UEs served by indoor gNB), but we would like to suggest 3Mbps for UL target data rate considering that DL throughput boosting is the main purpose of using FR2. Meanwhile, we think this target date rate may not be realistic for urban/dense urban scenario especially when indoor UEs (served by outdoor gNB) are considered.

	OPPO
	For the above proposal, we need to indentify the channels to be enhanced in terms of coverage. For the scenarios of urban/dense urban, it can be discussed in this email thread. For now, at least we prefer to also enhance urban/dense urban with also Outdoor to Indoor coverage. The scenario is also relevant and would be important for overall coverage of FR2. If that can be agreed, we could think about the lower target data rate as an alternative.

	CATT
	As shown in the summary of scenarios for FR2, majority companies think indoor scenario should be studied. Furthermore, for the two indoor scenarios elaborated above, most of companies have showed their interests in the scenario of indoor gNB serving indoor UE. Therefore, we propose to prioritize the indoor scenario with indoor gNB serving indoor UE in this study.   

	AT&T
	Indoor coverage is a severe bottom neck for FR2 overall coverage. Indoor coverage enhancement must be included.

	Nokia
	For FR2 there is significant diversity of views among operators on the priority scenarios, and hence it is difficult to make a selection based only on counting the votes for specific scenarios. More discussion is needed to narrowdown the number of scenarios for evaluation in FR2.

	vivo
	We are fine with proposals 5-8

	Nomor 
	We are fine with proposals 5-8 

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	We support proposals 5-8. 

	Telstra
	For Proposal 5, Indoor FR2 coverage is the major challenge for FR2 so we would like to see the Indoor scenario study expanded to include outdoor gNB serving indoor UE.

We are ok with Proposals 6-8

	Samsung
	We think we have enough number of supporting companies to study VoIP services in FR2. Given that proposal 6 intends to preclude study on VoIP in FR2, it is hard to agree on proposal 6.

	Ericsson
	Regarding proposal 5, we expect that many of the bottlenecks and solutions are common across scenarios, but it is of interest to verify the performance for a scenario with outdoor base stations and indoor UEs.

	Huawei, HiSilicon
	We agree on the above proposals.

Most enhancements specified for FR1 can be reused for FR2.

	NTT DOCOMO
	The Proposals are fine for us. As in our comment for FR1, the received power may not be limited for the scenarios since the objective of the scenarios is to extend the DL data rate of 25 Mbps area. Therefore, enhancement for data channels may be more important for the scenarios.

	CMCC
	We are fine with the proposals for FR2.

	Intel
	In general, we support the proposals 5-7. For Proposal 8, we share similar views as other company that comprehensive performance evaluation on various UL and DL physical channels needs to be conducted so as to identify which physical channels need to be enhanced in term of coverage. 

Further, it is expected coverage enhancement for UL should be considered as higher priority than that for DL for FR2. We do not see the motivation/need to improve the coverage for DL channels for FR2.  

	Verizon
	For Proposal 5: The indoor scenario should include outdoor gNB serving indoor UE, as we indicated in our Phase 1 response, and see possible solutions,

For Proposal 6: In addition to eMBB, we suggest also we consider URLLC on FR2 as we indicated in our Phase 1 response. We are OK to deprioritize VoNR on FR2 at this point.

For Proposal 7: We prefer the same approach to set targets for FR2 as Proposal 2 for FR1. For indoor/dense urban/FWA, we prefer the data rate target for coverage enhancement to be 25-50Mbps DL and 5M UL. For suburban/rural scenario, the data rate target that we prefer is 1Mbps DL and 50-100K UL, similar to FR1. The current proposal of single set of target may give an impression that implies FR2 service may only be available when data rate reaches such high values of 25M/5M. For FR1, Huawei proposed 2 scenarios and two sets of targets. We prefer this approach for FR2 too. We circulated a similar approach among many companies during RAN#85 and spoke publicly about it during online meeting, calling one optimized data rate and the other sustainable data rate. We are open minded with the exact values and are looking forward to a good discussion on them.

We support Proposal 8.

	Spreadtrum
	We support Proposals 5-8.

	LG
	Proposal 5 and 6 are ok. Regarding proposal 7, further discuss and justification seem necessary since there were not so many concrete inputs on the service data rate. Similarly with FR1 case, necessity of enhancements in each scenario or prioritization between scenarios should be assessed based on the evaluation results.

More importantly, for the purpose of gap analysis, how to set the target coverage and/or target MCL should be discussed during this work area discussion or during the evaluation phase

	MediaTek
	For proposal 5, the urban scenario with the outdoor-to-indoor coverage should be considered.

For proposal 6, it is fine.

For proposal 7, the bandwidth and UL/DL configuration to achieve the target data rate can be clarified.
For proposal 8, it may be OK but depends on the evaluation results. Besides, the generic solution is prioritized in principle.

	Qualcomm
	We are fine with proposals 5-8.


3      Email discussion on potential enhanced solutions
3.1     Uplink

3.3.1  PUSCH

The potential enhanced solutions for PUSCH for FR1 and FR2 (if PUSCH coverage issue for FR2 is identified) may include but not be limited to followings (used for reference of companies’ input):

· Time domain

· Enhanced repetition, e.g. increased number of repetition 

· Msg3 repetition

· Enhanced repetition mechanism to overcome frequent cancellation of the repetition due to DL/UL collision for TDD.
· Frequency domain

· Enhanced frequency hopping, e.g. inter/intra-slot hopping with more frequency positions

· Frequency selective diversity, e.g. comb-like

· Intra-PUSCH hopping, e.g. finer granularity in time domain for one PUSCH

· Sub-PRB transmission, e.g. half PRB

· Spatial domain

· E.g. transmit diversity

· Code domain

· Spreading w/ CDM, e.g. PUCCH-like PUSCH

· Packet aggregation

· e.g. aggregate multiple RTP packets into one RTP packet

· DM-RS enhancement

· Multi/cross-slot channel estimation

· Overhead reduction, e.g. DM-RS less slot

Companies are invited to provide the preference on the candidate solutions in the above list, and any other solutions if not included.
	Companies
	Preference on candidate solutions in above list, and other solutions if any.

	ZTE
	our preference on coverage enhancement schemes listed above is as following with priority order

1, DMRS enhancement

We think both directions can be considered. Lower MCSs are usually used in coverage limited scenarios, which is not sensitive to channel estimation accuracy. In this sense, DMRS overhead reduction enables more resources and energy for data channel and benefits coverage. 

2, code domain

Code domain spreading has similar effect as repetition, but can enable more multiplexed users. This is very beneficial given that one of the key coverage limited scenarios studied here is O2I scenario where lots of UEs may have coverage problem.

3, Frequency domain

4, time domain

pure time domain repetition can accumulate more energy, but consume lots of time domain resources. In O2I scenario, higher target data rate (as shown in section 2.1) and more coverage limited UEs are expected, so we have concerns on whether pure time domain methods can solve the coverage issue. 

Regarding to spatial domain scheme, we are not sure if it should be studied here and coordination with MIMO WI is needed.

In addition to the schemes listed above, we would like to further consider following ideas for coverage enhancement

1, low PAPR schemes.

Pi/2 BPSK has been adopted in NR R15 for PAPR reduction and coverage enhancement. We can study more advanced schemes (e.g. pi/4 BPSK) in R17 to further reduce PAPR.

2, early termination of repeated PUSCH

Repetition is considered as an effective way for higher robustness or larger coverage, which is quite resource consuming and will lower system efficiency. In R16, dynamic indication of repetition number has been supported so that the number of repetitions may better match the real requirement. However, it is still possible that one PUSCH is correctly decoded when part of repetitions are received. At this time, early termination can avoid unnecessary transmission and save UL resources, so more coverage limited UE can be supported. This is very meaningful when indoor UEs which account for large ratio of the total UEs are considered to be coverage limited

3, support of URLLC MCS table for eMBB

A new MCS table is introduced in NR R15, where extremely low SEs are supported. The target BLER is 10^-5 when the new MCS table is used, which implies that this table is more suitable for URLLC. We suggest considering target BLER of 10^-1 for this table so that lower MCS can be used for eMBB/VoIP coverage enhancement.

4, enhancement of power control

in R15/R16, only one set of PC parameters can be configured in FR1, which is not efficient since different target SNR (or P0) may be needed for different cases, e.g. single Tx and dual Tx.

	OPPO
	Our pereference is ordered as following:

Time domain

DM-RS enhancement with only Multi/cross-slot channel estimation

Frequency domain

Other can be considered if more time available.

For the above the DMRS optimization may not necessary be overhead reduction for coverage enhancement, it would be DMRS with higher overhead as long as the coverage is enhanced.

	CATT
	Among the above potential enhanced solutions for PUSCH, our preferences are as follows:

· Time domain repetition

· Spatial domain approachs

· Multi/cross-slot channel estimation of DMRS

Regarding the DMRS enhancement, overhead reduction of DMRS might not be suitable from coverage perspective. 

In addition to the above solutions, for edge users, multi-TRP/panel coordination can be applied to enhance coverage. Receiver coordination, such as joint reception and/or TRP/panel selection can be applied for UL. For the UE with multiple panels, fast TX panel identification, switching, coordination, including possibly multi-panel coherent joint transmission can be considered.

	AT&T
	Uplink beam management should be enhanced (more robust and flexible)

Multiple-panel beam management should be considered (for both FR1 and FR2. )

	Nokia
	The main objective at this stage of the discussion is to narrow down the scenarios and target data rates instead of discussion solutions, as per RAN#85 guidance. Moreover, it is premature to list all conceivable solutions before the potential problems have been properly characterized, which will only happen by running the corresponding simulations.

	China Telecom
	Based on the self-evaluation results submitted to ITU-R, at least for FR1, uplink especially for PUSCH is the bottleneck, the coverage of PUSCH should be enhanced. We think the potential solutions for coverage enhancement for PUSCH should be studied for both FR1 and FR2, at least including time domain, frequency domain, packet aggregation and DM-RS enhancement.

	vivo
	We are fine with the potential enhancements to be evaluated in principle. In additional, we think an aligned assumption for evaluate these techniques for down-selection is necessary.

	Nomor 
	In our view we should not limit the enhancements on candidate solutions at this point of time. Once scenarios and target rates are agreed a gap analysis should be done based on a kind of coverage optimized configuration of NR Rel.16. Once the problems are identified, solutions need to be derived. 
If this is for information, we are fine to collect views. Nevertheless, candidate solutions should not be restrictive in any kind in the SID.  

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	The exact solutions may be identified at a later stage once the scenarios are identified. The solutions mentioned by the companies above are only a subset of possible solutions that can be conceived to address the coverage issues. For example, we propose that the loopholes in the pi/2 BPSK waveform design done in R15 and R16 be fixed in R17.

	Telstra
	As highlighted by China Telecom, enhancement to PUSCH for both FR1 & FR2 is required. The study should aim to deliver PUSCH enhancements that result in similar distance & pathloss limits as those for PDSCH.

	Xiaomi
	We are fine with time and frequency domain enhancements

	Samsung
	If the target data rate is high, the repetition is not helpful to impressively enhance the coverage since the payload size with repetition should be increased to satisfy the target data rate. Then, in order to enhance the coverage, the channel estimation enhancement is one of key solutions. Therefore, we would like to study the enhancement in terms of channel estimation.

	Ericsson
	Interesting proposals above. We await the evaluations and identified bottlenecks.

	Huawei, HiSilicon
	Time domain

· Joint channel estimation across consecutive slots;

· The UE behaviour is specified for the BS using DMRS of consecutive slots for one PUSCH demodulation, which can also allow DMRS overhead reduction per slot.

· SRS-DMRS joint channel estimation for PUSCH 

· Finer retransmission, e.g. more redundancy versions for retransmission

Frequency domain

· Comb-like transmission with DFT-s-OFDM for low data rate to obtain frequency diversity
Spatial domain

· Uplink beamforming for FDD bands with increased number of precoders
· Multiple TRP coordination for uplink receiving coordination among BS
Higher power UE for FDD

SUL based solutions

Uplink forwarding (e.g. relay)

It is our understanding that support for multi-panel UE and enhancements of beam managements are handled under the NR MIMO work area, and any such enhance will improve coverage in FR2.

	NTT DOCOMO
	We think this kind of discussion / consideration may be a part of discussion / study in the SI.

	CMCC
	PUSCH enhancement is helpful and the effective solutions should be examined and clarified with simulations results, which show gains for achieving target data rate. Time domain, frequency domain and DMRS enhancement can be starting point, and other solutions are not precluded.

	Dish
	Excellent proposals by ZTE for PUSCH enhancements. We support them

	Intel
	In our view, Rel-15 repetition framework should be reused as much as possible for PUSCH coverage enhancement. We are generally fine with the enhancement in time domain and spatial domain, but not sure the benefit of frequency domain and code domain based solutions, especially comb-like and sub-PRB based transmission. 

Regarding DMRS enhancement, we think given that channel estimation is typically a bottleneck for coverage limited scenario, DMRS enhancement with higher DMRS density should be considered for improved channel estimation performance and thus enhanced coverage. 

In addition to the potential solutions as listed above, we may consider the following techniques to improve the PUSCH coverage: 1) PSD boosting 2) DMRS enhancement with increased DMRS density; 3) multi-beam based transmission in conjunction with time domain repetition at least for FR2.

	Verizon
	For FR1, based on existing 3gpp evaluation, we turn to agree that PUSCH is the bottleneck that needs the most enhancement, especially for mid-band TDD.

For FR2, currently, the coverage has not been thoroughly evaluated, compared to FR1. We would like to ask for a similar study for FR2 to identify the weak links. Based on the evaluation results, we can better understand what is needed for FR2 coverage enhancement in R17. In FR2 coverage analysis, we hope 3gpp specify beam assumptions, in a way similar to other simulation assumption. We understand it doesn’t imply the exact implementation but it serves as a reference for us to compare and translate

For the candidate techniques, we are interested in many of them, e.g., time domain repetitions (e.g., msg3 repetition), frequency domain enhanced resource allocation and frequency hopping and DMRS enhancement including allowing multi-slot channel estimation.

	Spreadtrum
	We prefer to the following approaches with the following priority order. 
· Time domain repetition

· Spatial domain approach
· Frequency domain approach
· DMRS enhancement

	LG
	Potential enhancements should follow necessity of enhancement for each scenario based on the evaluation results.

To avoid duplicated works or unnecessary complexity in the specifications, existing Rel-16 technologies (e.g. URLLC, MIMO) or potential enhancements of them in Rel-17 should be considered together

	MediaTek
	Prioritize the scenario/performance evaluation to identify the bottleneck at first. 


3.3.2 PUCCH
Companies are invited to provide the potential enhanced solutions for PUCCH, if needed.
	Companies
	Potential enhanced solutions

	ZTE
	Some enhancement direction for PUSCH can also be considered for PUCCH if necessary, e.g. repetition enhancement, frequency hopping enhancement and DMRS overhead reduction, etc

	CATT
	Similar approaches as PUSCH enhancement can be applied to PUCCH.

	AT&T
	Uplink beam management should be enhanced (more robust and flexible)

Multiple-panel beam management should be considered (for both FR1 and FR2. )

	Nokia
	As for PUSCH above, the main objective at this stage of the discussion is to narrow down the scenarios and target data rates instead of discussion solutions, as per RAN#85 guidance. Moreover, it is premature to list all conceivable solutions before the potential problems have been properly characterized, which will only happen by running the corresponding simulations.

	China Telecom
	If coverage enhancement for PUCCH is necessary, we think the potential solutions for coverage enhancement for PUCCH should be studied for both FR1 and FR2.

	Nomor 
	In our view we should not limit the enhancements on candidate solutions at this point of time. Once scenarios and target rates are agreed a gap analysis should be done based on a kind of coverage optimized configuration of NR Rel.16. Once the problems are identified, solutions need to be derived. 
If this is for information, we are fine to collect views. Nevertheless, candidate solutions should not be restrictive in any kind in the SID.  

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	The exact solutions may be identified at a later stage once the scenarios are identified. The solutions mentioned by the companies above are only a subset of possible solutions that can be conceived to address the coverage issues. For example, we propose that the loopholes in the pi/2 BPSK waveform design done in R15 and R16 be fixed in R17.

	Telstra
	Agree with China Telecom

	Xiaomi
	Similar solutions for PUSCH and PUCCH coverage enhancement

	Samsung
	We would like to suggest a PUCCH repetition enhancement. Rel-15/16 PUCCH repetitions mechanism is from LTE, is practically inoperable in NR, while PUCCH repetitions are more important for NR due to higher SCS, and possibility for fewer than 14 symbols and for UCI more than 1 bit.

	Ericsson
	Interesting proposals above. We await the evaluations and identified bottlenecks.

	Huawei, HiSilicon
	Short PUCCH is more likely coverage limited. The coverage enhancement for PUCCH may include repetition for short PUCCH.

	CMCC
	Multi-slot PUCCH has been introduced for PUCCH coverage enhancement, whether it needs further coverage enhancement depends on evaluation results.

	Dish
	Same enhancements as PUSCH can be considered

	Intel
	In our view, Rel-15 repetition framework should be reused as much as possible for PUCCH coverage enhancement. Further, solutions for PUSCH coverage enhancement can be generally applicable for PUCCH coverage enhancement.

	Verizon
	Agree with China Telecom

	Spreadtrum
	Some enhancement approaches for PUSCH can be considered for PUCCH such as time domain methods, frequency domain methods and so on.

	LG
	Potential enhancements should follow necessity of enhancement for each scenario based on the evaluation results.

To avoid duplicated works or unnecessary complexity in the specifications, existing Rel-16 technologies (e.g. URLLC, MIMO) or potential enhancements of them in Rel-17 should be considered together

	MediaTek
	Prioritize the scenario/performance evaluation to identify the bottleneck at first. 

	Qualcomm
	We would like to consider the following enhancements for PUCCH:

· Repetition for PUCCH before dedicated PUCCH resource configuration
· Non-coherent sequence based PUCCH (with >2 bits payload)


3.3.3  Other channels

Companies are invited to provide the potential enhanced solutions for other UL channels, if needed.
	Companies
	Channels
	Potential enhanced solutions

	ZTE
	SRS
	We suggest studying solutions for SRS power boosting, which benefits channel measurement/link adaptation accuracy and then UL coverage, e.g. two steps sounding scheme which consists of (1) coarse measurement of subband in the whole BWP; (2) fine measurement of subband identified in step1.

	Nokia
	TBD
	As mentioned above, the main objective at this stage of the discussion is to narrow down the scenarios and target data rates instead of discussion solutions, as per RAN#85 guidance. Moreover, it is premature to list all conceivable solutions before the potential problems have been properly characterized, which will only happen by running the corresponding simulations.

	Nomor 
	TBD
	In our view we should not limit the enhancements on candidate solutions at this point of time. Once scenarios and target rates are agreed a gap analysis should be done based on a kind of coverage optimized configuration of NR Rel.16. Once the problems are identified, solutions need to be derived. 
If this is for information, we are fine to collect views. Nevertheless, candidate solutions should not be restrictive in any kind in the SID.  

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	SRS
	SRS modifications need to be considered for UL link adaptation to enhance UL coverage. 

	Huawei, HiSilicon
	TBD
	Depending on evaluations

	CMCC
	PRACH
	For coverage enhancement of coverage holes in specific direction(s), PRACH channel also needs to be enhanced, for example, introducing repetitions of preamble transmission.

	Intel 
	TBD
	In our view, comprehensive performance evaluation on various UL and DL physical channels needs to be conducted so as to identify which physical channels need to be enhanced in term of coverage. 

	Verizon
	TBD
	Depending on evaluations. 

	LG
	TBD
	Potential enhancements should follow necessity of enhancement for each scenario based on the evaluation results.

To avoid duplicated works or unnecessary complexity in the specifications, existing Rel-16 technologies (e.g. URLLC, MIMO) or potential enhancements of them in Rel-17 should be considered together

	MediaTek
	TBD
	Prioritize the scenario/performance evaluation to identify the bottleneck at first.

	Qualcomm
	Msg1 repetition for CFRA
	Msg1 coverage can be bottleneck in FR2 due to using unrefined beam.


3.2     Downlink

Companies are invited to provide the potential enhanced solutions for DL channels, if needed.
	Companies
	Channels
	Potential enhanced solutions

	OPPO
	PDCCH
	In addition to the repetition mentioned in above, the PDCCH repetition can be also considered since it is not supported in Rel-15

	CATT
	PDCCH
	To enhance the reliability of PDCCH, repetition in either time or frequency domain can be used. Furthermore, repetition of PDCCH from different TRPs/panels can also be considered.

	AT&T
	PDCCH
	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

	Nokia
	TBD
	As mentioned above, the main objective at this stage of the discussion is to narrow down the scenarios and target data rates instead of discussion solutions, as per RAN#85 guidance. Moreover, it is premature to list all conceivable solutions before the potential problems have been properly characterized, which will only happen by running the corresponding simulations.

	vivo
	Broadcast signal/channels
	For some broadcast signals/channels, the coverage may be limited due to lack of beamforming gain. A broadcast weight is used for wider area coverage. Hence, we think downlink channels should be further checked by an aligned assumptions together with uplink.

	
	PDSCH
	Currently, PDSCH repetition number is configured by RRC. In Rel-16 eURLLC, the dynamic indication of repetition number is supported for slot based PUSCH. Similarly, the dynamic indicated PDSCH repetition number can also be considered. 

	Nomor 
	TBD
	In our view we should not limit the enhancements on candidate solutions at this point of time. Once scenarios and target rates are agreed a gap analysis should be done based on a kind of coverage optimized configuration of NR Rel.16. Once the problems are identified, solutions need to be derived. 
If this is for information, we are fine to collect views. Nevertheless, candidate solutions should not be restrictive in any kind in the SID.  

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	SSB, PDCCH and PDSCH
	All channels must work at SINR of -12 dB with acceptable synchronization performance and BLER performance to enhance large cell coverages of the order of 12 km ISD or more. 

	Telstra
	TBD
	We should not limit the possible DL channels to be enhanced until a better understanding of the UL improvements are known based on agreed scenarios, services & target data rates.

	Xiaomi
	PDCCH
	The solutions studied in other items such as PDCCH repetition to improve the reliability of the PDCCH should be considered.

	Huawei, HiSilicon
	TBD
	For downlink in FR2 the potential coverage limited channel may be the control channel such as PDCCH. Repetitions or larger number of CCEs can be considered.

	CMCC
	PBCH, PDCCH
	To fix coverage hole in specific directions, the broadcast channels such as PBCH and type0-PDCCH may also need further enhancement for UEs to do initial access. More repetition versions of these channels can contribute to the combining and improve the decoding performance.

	Dish
	PDCCH
	PDCCH repetitions should be considered. Also NR PDCCH coverage should be enhanced for DSS as indicated by AT&T

	Intel 
	TBD
	In our view, comprehensive performance evaluation on various UL and DL physical channels needs to be conducted so as to identify which physical channels need to be enhanced in term of coverage. 

	Verizon
	TBD
	Depending on evaluations. All, including PBCH, paging, msg2 and PDCCH need to be evaluated.

We agree with AT&T that coverage for DSS needs to be studied and enhanced in needed.

	LG
	TBD
	Potential enhancements should follow necessity of enhancement for each scenario based on the evaluation results.

To avoid duplicated works or unnecessary complexity in the specifications, existing Rel-16 technologies (e.g. URLLC, MIMO) or potential enhancements of them in Rel-17 should be considered together

	MediaTek
	TBD
	Prioritize the scenario/performance evaluation to identify the bottleneck at first.

	Qualcomm
	Broadcast channels
	Broadcast channels (e.g., Msg2/4 in RACH, paging/SI) are transmitted based on the beam that might be wider than the unicast channels. As a result, the coverage of broadcast channels might be limited.

	
	PDSCH
	DMRS enhancement by multi/cross-slot channel estimation.


4      Conclusions
During the email discussion, 29 companies including 8 operators provided further views on scenarios, services and channels for coverage enhancement. 

· Summary of scenarios, services and channels for FR1
29 companies provided further views on previous proposal 1-4 for FR1. 

Regarding proposal 1, 2 companies thought it would be better to clarify indoor or outdoor UEs for indoor and rural scenario. 9 companies (including 3 operators) mentioned that rural scenario with extreme long distance should be taken into account, e.g. ISD=30km. 2 operators proposed to consider coverage enhancement for LTE/NR co-existence (DSS) scenario. Based on the above comments, proposal 1 is updated as follows. 1 company thought indoor scenario should be changed to urban scenario. 1 company mentioned coverage enhancement should be considered for both licensed and unlicensed operation in FR1.
Proposal 1: Urban scenario (outdoor to indoor UEs), rural scenario (including extreme long distance rural scenario, e.g. ISD=30km), and LTE/NR co-existence (DSS) scenario, should be taken into account for coverage enhancement for FR1.
No comments on proposal 2, and it remains unchanged.
Proposal 2: VoIP and eMBB service should be taken into account for coverage enhancement for FR1.

Regarding proposal 3, some companies mentioned a specific value of data rate should be given. Based on the comments, proposal 3 is updated as follows. The value of the target data rate for rural scenario with ISD=30km can be determined as the SI/WI starts.
Proposal 3: For urban scenario (outdoor to indoor UEs), the target data rate for UL eMBB is 1 Mbps; and the target data rate for DL eMBB is 10Mbps. For rural scenario, the target data rate for UL eMBB is 100 Kbps; and the target data rate for DL eMBB is 1Mbps.
Regarding proposal 4, some companies mentioned that coverage enhancement for both data and control channels should have equal priority. Based on the comments, proposal 4 is updated as follows.

Proposal 4: Both DL and UL can be taken into account for coverage enhancement for FR1. And coverage enhancement for UL (including PUSCH and PUCCH), should be prioritized.
· Summary of scenarios, services and channels for FR2
26 companies provided further views on previous proposal 5-8 for FR2. 

Regarding proposal 5, 8 companies (including 3 operators) provided views on scenarios, indoor or outdoor UEs. Based on views from operators, proposal 5 is updated as follows.
Proposal 5: Indoor scenario (indoor to indoor UEs) and urban/suburban (including outdoor to outdoor UEs and outdoor to indoor UEs) scenario should be taken into account for coverage enhancement for FR2.
1 company mentioned VoIP should be considered for FR2. Based on the views from operators and Phase 1 email discussion, VoIP is considered as second priority for coverage enhancement for FR2.

Proposal 6: eMBB service should be taken into account for coverage enhancement for FR2. VoIP is considered as second priority for coverage enhancement for FR2.
Regarding proposal 7, based on the views from operators, the target data rate for each scenario is given as follows. Considering the diversified views and that coverage performance has not been evaluated extensively for FR2, the value of the target data rate can be revisited as the SI/WI starts.
Proposal 7: For indoor (indoor to indoor UEs) scenario, the target data rate for UL eMBB is 5 Mbps; and the target data rate for DL eMBB is 25Mbps. For urban (including outdoor to outdoor UEs and outdoor to indoor UEs), the target data rate for UL eMBB is [5Mbps]; and the target data rate for DL eMBB is [25Mbps]. For suburban (including outdoor to outdoor UEs and outdoor to indoor UEs), the target data rate for UL eMBB is [50kbps]; and the target data rate for DL eMBB is [1Mbps].
No comments on proposal 8, and it remains unchanged.

Proposal 8: Both DL and UL should be taken into account for coverage enhancement for FR2. Which channels should be considered depends on evaluation results. 
28 companies shared views on potential enhanced solutions. It is summarized as follows:
· Summary of potential enhanced solutions for PUSCH
The potential enhanced solutions for PUSCH are summarized in the following table. Some companies thought the discussion on the candidate enhanced solutions can be part of SI/WI.
	Potential enhance solutions
	Companies

	Time domain
	· Enhanced repetition, e.g. increased number of repetition

· Msg3 repetition

· Enhanced repetition mechanism to overcome frequent cancellation of the repetition due to DL/UL collision for TDD

· Early termination of PUSCH repetition
· Finer retransmission, e.g. More RVs
	Companies (13) :

ZTE, OPPO, CATT, CTC, xiaomi, HW/HiSi, CMCC, Dish, Intel, Verizon, Spreadtrum, vivo

	Frequency domain


	· Enhanced frequency hopping, e.g.inter/intra-slot hopping with more frequency positions

· Frequency selective diversity, e.g. comb-like

· Intra-PUSCH hopping, e.g. finer granularity in time domain for one PUSCH

· Sub-PRB transmission, e.g. half PRB
	Companies (11) :

ZTE, OPPO, CTC, xiaomi, HW/HiSi, CMCC, Dish, Verizon, Spreadtrum, vivo

	Spatial domain


	· Transmit diversity

· UL beam management

· Multiple-panel beam management
	Companies (8) :

CATT, HW/HiSi, Intel, Spreadtrum, AT&T, Intel, vivo

	Code domain
	· Spreading w/ CDM, e.g. PUCCH-like PUSCH
	Companies (3) :

ZTE, Dish, vivo

	Power domain
	· Enhancement of power control

· Higher power UE for FDD

· PSD boosting
	Companies (4) :

ZTE, HW/HiSi, Intel

	Packet aggregation
	· Aggregate multiple RTP packets into one RTP packet
	Companies (2) :

CTC, vivo

	DM-RS enhancement
	· Multi/cross-slot channel estimation

· Overhead reduction, e.g. DM-RS less slot

· Increased DMRS density
	Companies (11) :

ZTE, OPPO, CATT, CTC, CMCC, Dish, Intel, Verizon, Spreadtrum, Samsung, vivo

	· Enhancement on pi/2 BPSK waveform
	Companies (6) :

IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs

	· Low PAPR scheme (e.g. pi/4 BPSK)
	Companies (1) :

ZTE

	· Support of URLLC MCS table for eMBB
	Companies (1) :

ZTE

	· SUL based solutions
	Companies (2) :

HW/HiSi

	· Uplink forwarding (e.g. relay)
	Companies (2) :

HW/HiSi


· Summary of potential enhanced solutions for PUCCH
6 companies thought some enhancement approaches for PUSCH enhancement can be applied to PUCCH. 4 companies thought enhancement on PUCCH repetition should be considered. 1 company thought Uplink beam management and multi-panel beam management should be considered. 8 companies thought the discussion on the candidate enhanced solutions can be part of SI/WI. 1 company proposed sequence-based PUCCH with non-coherent detection.
· Summary of potential enhanced solutions for other UL channels
7 companies thought SRS should be enhanced. 2 companies thought PRACH needs to be enhanced. 5 companies thought it depends on evaluations. 2 companies thought the discussion on the candidate enhanced solutions can be part of SI/WI.
· Summary of potential enhanced solutions for DL
10 companies thought PDCCH needs to be enhanced; PDCCH repetitions may be a potential solution. 3 companies thought coverage for DSS needs to be studied and enhanced. 10 companies thought broadcast signals/channels needs to be enhanced. 8 companies thought PDSCH needs to be enhanced. 6 companies thought that all channels must work at SINR of -12 dB with acceptable synchronization performance and BLER performance to enhance large cell coverage of the order of 12 km ISD or more. 3 companies thought the discussion on the candidate enhanced solutions can be part of SI/WI.
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