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Introduction
In this contribution, we discuss some potential updates to the WID for extending current NR operation to 71 GHz with regards to subcarrier spacing selection needed to advance standardization efforts.


Discussion
Applicable subcarrier spacing for 60 GHz band
Both RAN1 and RAN4 has conducted rigorous investigation of applicable subcarrier spacing for extending NR operation up to 71 GHz as part of the approved study in the past meetings. RAN1 study has been completed in RAN1 #103-e. RAN4 also have significant progress in the study during RAN4 #97-e and plan to complete the study by next RAN4 meeting, RAN4 #98-e.
As part of the conclusion of the SI [1], it is recommended to support 120 kHz subcarrier spacing with normal CP length, and at least one additional subcarrier spacings among 240 kHz, 480 kHz, and 960 kHz subcarrier spacing candidates. It is not recommended to consider support of only 240 kHz SCS for control and data in addition to 120 kHz.
Even though there has been significant progress in the investigation of the applicable subcarrier spacing for extending NR operation to 71 GHz, and companies now have much better understanding of the required changes and related specification impact, the SI was not able to conclude on the final specific set of subcarriers spacing that would be applicable and was not able to recommend the set of subcarrier spacing(s) to proceed standardization efforts during the WI phase (beyond the conclusion mentioned above).
This is unfortunate, as there are already great understanding on each of the candidate subcarrier spacings and we do not believe there will be any new outstanding information that will arise in the next RAN1 and RAN4 meetings that will further help narrow down the selection for the subcarrier spacings to standardize in the WI phase. Given the COVID-19 situation (i.e. use of purely online meetings), further clarity in the set of supported subcarrier spacings will help in making sure 3GPP can produce a high-quality standard in a timely manner. Without knowing which subcarrier spacing will be supported in the specification, it is not possible to conduct useful discussion and make progress of specification work for extending the NR operation to 71 GHz. 
With this said, there are few key aspects to consider in terms of supported subcarrier spacing when extending NR operation up to 71 GHz. 
· RAN1 has already agreed to support 120 kHz subcarrier spacing. From our understanding this is to provide maximal re-use of FR2 NR specification whenever applicable.
· When selecting additional subcarrier spacings for support, it should focus on providing the most differentiating factor compared to what is achievable with 120 kHz subcarrier spacing. Most notably, maximum peak data rates and market competitive KPIs compared to incumbent technologies such as IEEE 802.11ad/ay.  
The above considerations are extremely important as network vendors, UE vendors, and operators need to seriously think about the main motivation to invest money and resources in developing the NR system for bands above 52.6 GHz. Since the support of 120 kHz subcarrier spacing allowed a lower barrier for companies to enter this band and space by leveraging existing NR technologies (based on FR2 NR), the additional subcarrier spacing should be selected such that it provides compelling reasons to seriously invest and promote NR technologies in this band.
Going further in depth, the maximum bandwidths that can be supported by each subcarrier is different as RAN1 and RAN4 confirmed the maximum FFT size and maximum number of usable PRBs that would be allowed by NR extension to 71 GHz (to limit transceiver complexity). Although there could be some differences in system operation, the most critical difference in support of one subcarrier spacing over another could be supported bandwidth. Therefore, one of the critical considerations for subcarrier spacing should be ability to reach near 2 GHz bandwidth for a component carrier.
While support of a specification subcarrier spacing should also factor complexity and implementation feasibility. Given that competitive technologies such as 802.11ay were able to successfully launch systems with 5 MHz subcarrier spacing, we are confident operating the NR system with wide subcarrier spacing such as 960 kHz is feasible for implementation. Also, its well known that larger subcarrier spacing allows the receiver to cope with phase noise more easily. In terms of overall baseband complexity, larger subcarrier spacing has clear benefit as it has fewer frequency samples to process for the same carrier bandwidth in each OFDM symbol, which will be the basic processing unit for the transceiver. Larger subcarrier spacing also allows to leverage more transceiver pipelining of the information flow as transmission reception is further broken down in time domain (with smaller slot durations). More specifically, use of 960 kHz subcarrier spacing may even allow support of near 2 GHz bandwidth with 2k FFT sizes, instead of using 4k FFT sizes, depending on guard bands required for NR operation, and aid further reduction of the transceiver complexity.
Taking all the discussions above, we believe support of 960 kHz subcarrier spacing in addition to (already agreed) 120 kHz subcarrier spacing for data and control channel is the best outcome for 3GPP technology for 52.6 GHz to 71 GHz band. Additionally, the selection of the subcarrier spacings for data and control should be done during RAN Plenary #90-e (and corresponding WID should be updated) to make sure extending of NR operation to 71 GHz WI can be completed smoothly and efficiently.
Proposal:
· Selection of the subcarrier spacing for data and control channel for extending NR operations to 71 GHz WI is to be done in RAN Plenary #90-e and corresponding WID updated.
· Extending NR operations to 71 GHz WI to support 960 kHz subcarrier spacing for data and control channel in addition to 120 kHz subcarrier spacing.
Frequency range determination for 60 GHz band
During the NR 52.6 - 71 GHz study item stage initial discussions on how to introduce the new frequency range took place in RAN4 but no decisions were made. One possible approach is to introduce a new frequency range (e.g. FR3), which will require introduction of new RF specification(s). An alternative approach is to extend the existing FR2 to cover 52.6 – 71GHz range, which would require an update of all FR2 relevant specifications. The eventual decision has a big impact on the specification work in RAN1/RAN4 and we recommend making a decision in the early stage of the WI. 
[bookmark: _GoBack]Proposal:
· Update the “Extending NR operations to 71 GHz” WID and include a new RAN4 objective to identify whether new FR (e.g. FR3) shall be defined for the 52.6-71GHz frequency range or the existing FR2 shall be extended to cover 52.6-71GHz range
	· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Identify whether new FR (e.g. FR3) shall be defined for the 52.6-71GHz frequency range or the existing FR2 shall be extended to cover 52.6-71GHz range
· …





Conclusion
In this contribution, we provide further considerations and discussion on updating the WID for extending NR operation to 71 GHz. We note that RAN1 has already agreed to support 120 kHz subcarrier spacing. From our understanding this is to provide maximal re-use of FR2 NR specification whenever applicable. Also when selecting additional subcarrier spacings for support, it should focus on providing the most differentiating factor compared to what is achievable with 120 kHz subcarrier spacing. Most notably, maximum peak data rates and market competitive KPIs compared to incumbent technologies such as IEEE 802.11ad/ay. 
Based on this we propose the following:
Proposal:
· Selection of the subcarrier spacing for data and control channel for extending NR operations to 71 GHz WI is to be done in RAN Plenary #90-e and corresponding WID updated.
· Extending NR operations to 71 GHz WI to support 960 kHz subcarrier spacing for data and control channel in addition to 120 kHz subcarrier spacing.
Proposal:
· Update the “Extending NR operations to 71 GHz” WID and include a new RAN4 objective to identify whether new FR (e.g. FR3) shall be defined for the 52.6-71GHz frequency range or the existing FR2 shall be extended to cover 52.6-71GHz range
	· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Identify whether new FR (e.g. FR3) shall be defined for the 52.6-71GHz frequency range or the existing FR2 shall be extended to cover 52.6-71GHz range
· …
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