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Introduction
This document summarizes email discussion on the Rel-16 NR study item proposal, “NR design above 52.6 GHz”. The email discussion was kicked off on May 2nd, 2018 and collected companies’ views on the following aspects. 
1) Target spectrum range and use cases
2) Requirements
3) Objectives
4) Timeline of the SI and potential follow up WI(s)
The views shared by companies on each of the above aspects are presented in Section 2-5, and summarized in Section 6.  
Target spectrum range and use cases
The vast amount of spectrum is available at the frequency range above 52.6 GHz, as partly summarized in TR 38.805 that focuses on survey on 60GHz regulatory landscape. For instance, the 63-64 GHz range is available for ITS applications in Europe, the 57-64GHz range is used by IEEE 802.11ad/ay, and the 64-71GHz range was newly identified by FCC for wireless communications. In addition, there are ongoing studies by IMT and regional regulatory bodies on other frequency ranges for possible allocations to wireless applications.
Based on NR requirements defined in TR38.913 and discussions in [1 – 4], the following spectrum range and use cases can be considered by the study item.
· Target spectrum range: from 52.6 GHz up to 100 GHz  
· Use cases
· WAN operation
· Private networks
· IAB
· ITS application using vehicular communications (V2X)
The table below collects companies’ views on the target frequency range and use cases, not limited to the above. 

	Company
	Views

	Samsung
	The above listed target spectrum range and use cases seem reasonable. 

	Qualcomm
	52.6 GHz up to 100 GHz as suggested

	Ericsson
	Frequency range: 52.6 GHz to 100 GHz. W.r.t. use cases we believe all listed use cases should be considered.

	Intel
	We support the above target spectrum ranges, from 52.6 GHz to 100 GHz.
The potential uses cases would be WAN operations (including private networks), IAB, and V2X.

	AT&T
	The target spectrum range of 52.6 GHz up to 100 GHz is appropriate. In addition to the use cases listed the following use cases should be considered: 
· Fixed wireless application 
· Unmanned Aerial Vehicles

	Reliance Jio
	52.6 to 100Ghz looks fine. We consider Backhaul as the primary use case.

	Charter Communications
	Our response below assumes spectrum range per intended (current or future) use in the USA:
S.1. FCC V-band: 57-64 GHz (7 GHz CBW), 64-71 GHz (7GHz CBW): Our understanding is that IEEE 802.11ad is considered to be the incumbent unlicensed technology in this band. However, 802.11ad is largely believed to be suitable for indoor usage. IEEE 802.11ay, still in draft status, is targeting outdoor usage in the same band. We believe that NR-U’s applicability for both indoor and outdoor usage in this band ought to be studied. If deemed feasible, inside-out, outside-in, and pedestrian mobility scenarios should also be considered. The use-cases envisioned for this band include, but are not limited to, Outdoor Fixed Wireless Access (as mentioned by few other companies), Meshed Indoor Access, Wireless HDMI, Industrial Automation / IIoT etc. In order to operationalize NR-U usage in this band, in line with regional regulation, we consider co-existence study with incumbent technologies as being mandatory. 
S.2. FCC E-band: 71-76 GHz (5GHz CBW), 81-86 GHz (5GHz CBW): Per FCC 17-152, mobile use in this band is not permitted. Existing nationwide fixed point-to-point services will continue to operate using non-exclusive licensing with mandatory coordination. 
S.3. FCC 86-92GHz: Allocated for Earth Exploration – Satellite (Passive), Radio Astronomy, and Space Research. No Fixed or Mobile allocation presently allowed or on docket. We do not expect the situation to change any time soon.
S.4. 95-100 GHz (5 GHz CBW): Per FCC 18-71A, FCC is considering opening up 95GHz – 3THz for unlicensed and shared license non-federal usage. Most use-cases for operation in this range are still under development.
There are many other smaller bands, in USA, outside of the ones mentioned above. However, for various reasons those aren’t deemed suitable for unlicensed use at present time. 
In summary, we believe that the addition use-cases we mentioned (in S.1) should also be considered. 
Note, we consider pedestrian mobility as being speeds up to 5kph (or 3.2mph). 

	CMCC
	from my understanding, where there is some spectrum available is just one thing of this question, more important thing related to this question is to answer/identify how large the band span share the same or similar channel characteristics and can be studied in one basket, it is better have a common understanding on this issue, then confirm 52.6-100 or 52.6-x.

	Vivo
	We are also ok with 52.6GHz to 100GHz with the listed use cases.

	LG Electronics
	The above target spectrum ranges, from 52.6 GHz to 100 GHz, looks appropriate for study.
Also, the above listed use cases (i.e. WAN operations, IAB, and V2X) could be considered as a potential use cases for study.

	CATT
	Studying frequency range up to 100GHz is fine. The listed use cases are reasonable. Also support fixed wireless communication.

	InterDigital
	We support the target spectrum range and use cases listed above.

	ETRI
	We support the target spectrum range from 52.6 GHz up to 100 GHz and the listed use cases above.

	WILUS
	The listed target spectrum range seems to be appropriate and the listed use case as well.

	Nokia
	The full spectrum range from 52.6-100 GHz should be targeted. 
The study should target a common waveform that is use-case-agnostic. 
Note that relative mobility between transmitter and receiver can be assumed to be low at these frequencies, regardless of use case.

	Toyota ITC
	We agree with the target spectrum and use cases listed above. ITS in 63-64 GHz band (the exact channelization is subject to change in Europe) should be considered as one of use cases for study.

	NTT DOCOMO
	We agree with above listed use cases and target spectrum range for this SI.



Requirements 
The following requirements to be considered by the study item are discussed in [1 – 4]. 
· Operation of wireless communications devices with low PA efficiency, and high phase noise
· PSD and EIRP limitations
· Coverage improvement to cope with harsh propagation conditions
· Support of channel bandwidths above 400 MHz 
· Agnostic system design to type of spectrum, i.e. licensed, unlicensed, or shared
· Co-existence with existing/potential radio communication technologies in above 52.6 GHz band
· Mobility support
· Inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.
The table below collects companies’ views on the requirements, not limited to the above list. 

	Company
	Views

	Samsung
	The above listed requirements should be discussed during SI period. Plus, in our view, UE power consumption can be also discussed due to larger BW.

	Qualcomm
	Very much agreed with the list of requirements listed above with especial emphasis into identifying two types of solutions: 1) Solution minimizing standardization work (w.r.t. Rel-15 NR) and not necessarily optimized for all requirements, e.g., PA efficiency; 2) Optimized solutions for, e.g., PA efficiency, coverage, requiring more standardization work.  

	Ericsson
	Most important aspects to consider are PA efficiency and robustness towards phase noise; out-of-band emissions; support channel BW beyond 400 MHz; an agnostic design across licensed, unlicensed, or shared spectrum regime; inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.

	Intel
	NR design for 52.6GHz to 100GHz should inherent physical layer channel design (and principles) for below 52.6GHz whenever applicable. This is to provide some common framework for NR across different frequency ranges and minimize specification work.
In addition, we should investigate system design that can support various types of spectrum, i.e. licensed, unlicensed, and shared, taking into account implementation issues and operations, such as PA efficiency, phase noise, PSD/EIRP limitations.

	AT&T
	The listed requirements are a good start. In addition, the following requirements should be considered: 
1) mechanisms to achieve higher spectral efficiency and scalable/flexible bandwidth utilization should be considered.
2) Power efficiency given the fact that these systems will address very large system BW potentially as large as several GB. The system design and waveform design should allow for power efficient design to leverage the large available BW efficiently. 
High Doppler resilience: In order to support mobility services such as V2X in these frequencies we need to consider design that can tolerate very high Doppler gracefully 

	Reliance Jio
	In certain geographies the V and the E bands could be “lightly licensed” and there could be an ecosystem of 802.11ad/ay backhaul/access technologies deployed. Coexistance in the V and E bands with possible other deployed technologies issues will have to be studied and appropriate interference mitigation mechanisms (both cochannel and adjacent channel interference) developed possible in the physical layer design itself. Mobility support should be the last priority.
Multihop scenarios with channel reuse factor of 1 (for strong co channel interference) should be considered.

	Charter Communications Inc.
	In addition to the aspects mentioned in the section description and various companies’ views expressed above, we believe that fair co-existence with incumbent/legacy WiFi systems (e.g. 802.11ad in FCC V-band), and legacy technology operations (e.g. see our response to /2/) should be mandatory for the study phase.

	CMCC
	To make the study scope is controllable, it is important to make a gap analysis to identify what can be reused or referred directly from current design for below 52.6GHz and then what is really essential to be newly designed for beyond 52.6GHz. 

	Vivo
	We think some of the requirement itself may be part of the study. The listed requirements could be categorized in the following aspects: regulatory, hardware limitation, system performance and design philosophy. In our understanding, the requirements related to regulatory and hardware limitation could be clearly captured in the scope while the system performance related requirement may depend on the scenarios we plan to optimize. Based on this understanding, at least coverage improvement and mobility support could be studied further in the SI for each scenario regarding the detailed requirement.
For design philosophy regarding agnostic system design to type of spectrum, i.e. licensed, unlicensed, or shared and inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable, we think the design in R-15 should be the baseline for study and should be compared sufficiently for each scenario.

	LG Electronics
	The above listed requirements seems appropriate. Also, we need to investigate how to fulfil the requirement of inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.

	CATT
	From our perspective, the requirements listed by the moderator can be studied in the SI phase, with potential focus on PA efficiency, phase noise, agnostic application in licensed/unlicensed/shared spectrum, bandwidth beyond 400MHz. A common physical layer design framework with below 52.6GHz spectrum in Rel.15 is desirable.

	InterDigital
	We agree that the list above should be considered during the SI phase. In our view, it would also be better if we can partition them into three groups: System Requirements (as function of use cases, e.g., Mobility support for V2X), Link Level Requirements (e.g., PA efficiency and sensitivity to phase noise) and Design Guideline (e.g., inheriting PHY layer channel design for below 52.6GHz whenever applicable). This may help us to have a focused discussion moving forward.
In addition, we believe some of the requirements listed above are more important than the others, for example, at link level, PA efficiency and sensitivity to phase noise should take higher priority for waveform design.

	ETRI
	We support that the listed requirements should be studied during the SI phase.

	WILUS
	The listed requirements should be considered during SI phase. From our perspective, the most important aspects are to have agnostic system design to type of spectrum, i.e. licensed, unlicensed, or shared and to inherit physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.

	Nokia
	“Coverage improvement” is not clearly defined here, as there is no baseline at these frequencies. In order to maximise coverage, low PAPR waveforms should be studied.
Channel bandwidths above 400MHz of operation are relevant at the frequencies in question. 
The system design should support operation in both licensed and unlicensed spectrum. It would be better to state “system design shall support operation in licensed, unlicensed and lightly-licensed spectrum”. Once conclusions have been reached on the waveform, procedures to use this waveform for both licensed and unlicensed spectrum should be studied.

	Toyota ITC
	We agree with the requirements listed above. It’s important to consider PA efficiency and phase noise, PSD and EIRP limitations, the support of channel bandwidths beyond 400 MHz, high mobility, and coexistence with existing/potential radio communication technologies.

	NTT DOCOMO
	We basically agree with the above listed requirements for this SI. However, as a starting point for above 52.6GHz usage, we should focus on some essential requirements e.g., low PA efficiency for a target coverage, robustness towards phase noise, wider bandwidth than 400MHz, and so on.



Objectives
The following objectives are proposed in [1–4]. 
· Study of physical layer design for operation beyond 52.6GHz [RAN1, RAN4]
· Waveform, e.g. SC-QAM, DFT-s-OFDM, CP-OFDM, etc.
· Physical signals/channels
· Include potential modifications depending on the requirements and the outcome of waveform study
· Channelization suitable for target bands above 52.6 GHz [RAN4]
Note: The above take into account target use cases and requirements. 
The table below collects companies’ views on the objectives, not limited to the above list. 

	Company
	Views

	Samsung
	The above listed objectives seem proper. 

	Qualcomm
	Agree with the listed objectives with the same comment as provided in section 3. In that vein, for the solutions attempting to minimize standardization work, we would like to do a “gap analysis” (“to do” list) w.r.t. Rel-15 NR assuming the use of a larger SCS for NR operation at this higher frequency range. 

	Ericsson
	This study item should determine if a new waveform is needed for beyond 52.6 GHz. If the answer is yes, a subsequent SI/WI should define the actual physical channels/signals. This SI should not define a new physical layer for beyond 52.6 GHz.

	Intel
	RAN1 should study all related physical layer design for operation beyond 52.6 GHz. This may include waveform for various channels/signals to be supported, and potential modifications to physical channels and UE behavior that may arise due to waveform design.
Additionally, channelization suitable for above 52.6 GHz will be studied by RAN4 to provide guidance on some key system design such as synchronization.

	AT&T
	New modulation and waveform design to achieve better trade-off between power and spectral efficiency. 
New HW and system design to leverage massive MIMO techniques currently used in sub 6GHz e.g. with large number of TxRx chains > 64 in mmWave.
Network coding and outer coding technique to allow for a reliable system in the presence of fast dynamic blocking events.

	Reliance Jio
	When designing for > 52.6Ghz, the physical layer design shall consider robustness to strong interference

	Charter Communications Inc.
	The above listed objectives seem appropriate. The study should strive for at most one new waveform to support spectrum range of up to 100GHz. Between the basic NR PHY design, and possible enhancements to NR PHY undertaken due to NR-U SID, we expect the PHY design to have the building block for supporting >52.6GHz. Therefore, these should be used as the basis of developing further enhancements if deemed necessary during the study phase. The study should also look at upper layer (MAC/RLC/RRC/PDCP and higher) impacts required to support use-cases such as pedestrian mobility(mentioned in our response to /2/).

	CMCC
	This study item should focus on identifying what is really essential to be newly designed for beyond 52.6GHz, if confirmed, as to the detailed design, it could be the work of next step.

	vivo
	We are fine with the corresponding list of objectives. Two questions:
· Where would above requirement be captured? Since some of the requirements are related to design restrictions. Such restriction needed to be reflected in the scope description.
· How would the different waveform be evaluated? Evaluation methodology and PA models need to be setup during the SI. Such aspects also need to be reflected in the scope.

	LG Electronics
	The above listed objectives looks appropriate. 

	CATT
	The above listed scope of potential enhancements seems fine.

	InterDigital
	We agree with the objective listed above. As noted above, the need of new designs should be justified based on the system and link requirements in the high frequency bands above 52.6GHz. In addition, we believe the waveform design should take the frame structure design into account. 

	WILUS
	We agree that RAN1 should study all physical layer design for operation beyond 52.6GHz during SI phase and it should be studied regarding channelization suitable for target bands above 52.6 GHz.

	Nokia
	The waveform is indeed the first step. We recommend, however, to delete the examples.
Numerology should also be covered. 
As a third step of the first main bullet, after studying the physical channels/signals, the corresponding physical channel procedures would need to be studied. 

	Toyota ITC
	The objectives listed above seem reasonable.

	NTT DOCOMO
	We basically agree with the above listed objectives. We assume the study on waveform includes numerology aspects. Based on the outcome of waveform/numerology study, frame structure and physical channel/signal design could also be studied.



Timeline of the SI and potential follow up WI(s)
The table below collects companies’ views on the timeline of the SI (if approved) and potential follow up/related WI(s), which can help 3GPP RAN make a long term plan for NR design beyond 52.6 GHz. A sample input is given below for reference.   

	Company
	Views

	Samsung
	In our view, this SI/WI should not result in the negative impact on TU allocation for other SI/WI which should be done in Rel-16, e.g., NR MIMO, V2X, URLLC, and so on. In this regards, we strongly prefer to start a SI (if agreed) only in later part of Rel-16 period. Normative work to introduce a new waveform, e.g., DFT-S-OFDM only can start in Rel-17 period.

	Qualcomm
	Preference would be to start the work in June ’18 for 6 months to identify the two types of solutions as stated in section 3. The solution minimizing standardization work could be used in some other Rel-16 WI, e.g., NR-U. Solutions requiring more standardization work would target Rel-17 applicability.  

	Ericsson
	We don’t see an immediate need to kick off this SI in Rel-16. A new RAT has just been defined for low mmW and 3GPP should ensure that the current specification works fine for the low mmW bands (e.g. 28, 39 GHz) and digest the lessons learned from initial mmW deployments. The most promising near-term band above 52.6 GHz is the unlicensed 60 GHz band. For the unlicensed 60 GHz band, it had been agreed in the NR-U SID that the band can be supported with existing waveform. Given the full range of scenarios (CA/DC/standalone) to be covered by the Rel-16 NR-U work, adding support of additional waveform and its associated changes to PHY procedures will not be feasible. We therefore believe an initial SI for above 52.6 GHz in the Rel-17 time-frame is more appropriate than in Rel-16. If the conclusion of this SI is that a new waveform is needed, a subsequent SI/WI should specify the PHY

	Intel
	Study item in Rel-16 and work item (based on results and conclusions from the study item) in Rel-17.

	AT&T
	We are amenable to the Study starting in R’17 (since the R’16 plate is already over-flowing and completing R’15 is the top priority).

	Reliance Jio
	For 5G NR to succeed fibre backhaul availability is important, as a strong use case for this SI is for backhaul, a study starting in R16 and possible WI in R17 is preferred. 

	Charter Communications Inc.
	We strongly prefer that the SID on NR design for >52.6 GHz should start in later part of Rel-16 period with the intent to target normative specifications in the Rel-17 timeframe.

	CMCC
	Logically and practically, we share the same view as Ericsson, however, if this study mainly focuses on gap analysis to decide what to be newly designed for beyond 52.6GHz, as well as the work load is controllable, it could be considered in Rel.16 timeline.

	vivo
	Given the Rel-15 CRs and the late drop would occupy large amount of TUs, we think the SI could be started at late phase of Rel-16 when quite a number of TUs are released. 

	LG Electronics
	We are interested in the SI itself, but we need to consider about when it starts. In order not to interfere with the TU of other high priority items, the SI could be carried out in the second half of next year depending on TU availability. Also, we think, in Rel-17, actual normative work may be commonly applied to NR-U, NR-V2X, and general NR.

	CATT
	We are fine to consider starting the SI in a later part of the Rel.16 (if time permits) or Rel.17, taking into account future progress of other Rel.16 WI that are in a more mature state.

	InterDigital
	We believe that the work on this SI needs to start in the early stages of Release 16 such that the outcome of this SI can be used in various related WIs in Release 17 (e.g., NR-U in 60GHz, V2X, IAB, etc.). 

	Verizon
	We think that since this is more as initial study for above 52.6 GHz and its potential synergy with other items such as NR-U, it could be started in Rel. 16. 

	WILUS
	We agree to have study item in Rel-16 timeframe. Based on results and conclusions from the study item, a related work item can be followed in Rel-17 or can be used in other related work items (e.g., NR-U in 60GHz, V2X, IAB, etc.) in Rel-17

	Nokia
	Not the highest priority for an early start in Rel-16. Study Item could either start towards the end of Rel-16, or in Rel-17, with the potential for a Work Item in Rel-17. The decision on the exact timing could be taken later. 

	Toyota ITC
	We prefer to start this study item in Rel-16, followed by the work item in Rel-17.

	NTT DOCOMO
	We think this SI itself is technically interesting. However, improving the usage of NR in below 52.6GHz and new use cases/applications of NR in below 52.6GHz should be prioritized in timeline. Therefore, we think that starting this SI in later Rel-16 or even Rel-17 should be fine.



Summary of email discussion
Target spectrum range and use cases
17 companies showed their view. The majority of the companies agree the SI should target the full spectrum range from 52.6-100 GHz and consider both licensed and unlicensed bands towards uses cases of WAN operation, private networks, IAB and V2X. A few companies address specific scenarios such as Outdoor Fixed Wireless Access, Meshed Indoor Access, Wireless HDMI, Industrial Automation, IIOT. 
Requirements
17 companies showed their view. The majority of the companies agree the SI should consider the following requirements:
· Operation of wireless communications devices with low PA efficiency, and high phase noise
· PSD and EIRP limitations
· Coverage improvement to cope with harsh propagation conditions
· Support of channel bandwidths above 400 MHz 
· Agnostic system design to type of spectrum, i.e. licensed, unlicensed, or shared
· Co-existence with existing/potential radio communication technologies in above 52.6 GHz band
· Mobility support
· Inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.
A few companies additionally address high spectral efficiency and high Doppler (considering V2X). Some companies propose to categorize requirements into 4 groups, regulatory requirements, system requirements (e.g., mobility support for V2X), link level requirements (e.g., PA efficiency and phase noise sensitivity), and design guideline (e.g., inheriting PHY layer channel design for below 52.6GHz whenever applicable).
Objectives
16 companies showed their view. The majority of the companies agree the following objectives:
· Study of physical layer design for operation beyond 52.6GHz [RAN1, RAN4]
· Waveform, e.g. SC-QAM, DFT-s-OFDM, CP-OFDM, etc.
· Physical signals/channels
· Include potential modifications depending on the requirements and the outcome of waveform study
· Channelization suitable for target bands above 52.6 GHz [RAN4]
There are also the following comments:
· Evaluation methodology and PA models need to be established during the SI which should be captured in the SID. 
· The examples of waveform need to be deleted. 
· Upper layer impact should be studied. 
· The SI should determine if a new waveform is needed for beyond 52.6 GHz. Then, if the answer is yes, a subsequent SI/WI should define the actual physical channels/signals.
Timeline of the SI and potential follow up WI(s)
17 companies shared their view. Regarding start time of the SI,
· 16 companies support or are okay with Rel-16
· 10 companies prefer to start the SI in Rel-16 (possibly in later Rel-16). 
· 6 companies mention that the SI can start either in Rel-16 or Rel-17. 
· [bookmark: _GoBack]1 company prefers Rel-17.
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