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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The study on NR-based access to unlicensed spectrum [1] is completed with the approval of TR38.889 [2]. The study identified necessary enhancements to the Rel-15 NR design to allow operation in unlicensed spectrum in compliance with regulations and ensuring coexistence with other systems. 3GPP RAN is now ready to proceed with the corresponding normative work in Rel-16. This paper provides our considerations on some of the aspects that may require special attention for scoping the Rel-16 WI.
2 Scope of NR-U framework design
2.1 General considerations
[bookmark: _GoBack]In addition to the necessary enhancements, the study also identified additional but not strictly necessary optimizations for scenarios that will likely not be the initial types of deployments for NR in unlicensed spectrum. Those would include scenarios with relatively larger coverage than regular small cells, scenarios where the absence of Wi-Fi can be guaranteed, scenarios where NR targets very low latency and high QoS applications in coordinated multi-operator deployments. It should be understood that the normative work for Rel-16 cannot reasonably target all the scenarios discussed in the study phase, but should focus on the main use case of offloading eMBB traffic from licensed bands to unlicensed band, with either a CA, DC or standalone NR deployment in unlicensed band. As a consequence, optimizations in terms of waveform for large coverage (DFT-s-OFDM) and in terms of channel access scheme (FBE) would better be addressed in a later release if needed.

Proposal 1: The Rel-16 NR-U WI should follow the conclusions and agreements of the study, with additional focus to prioritize use cases for eMBB in small unlicensed cells. In particular:
· PUSCH enhancements for NR-U should be defined only for CP-OFDM in Rel-16.
· NR-U channel access mechanism should be defined only for LBE in Rel-16. 

2.2 Numerology and wideband operation
The study documented specification effort for supporting 15 kHz, 30 kHz and 60 kHz subcarrier spacing. The study did not conclude on a recommendation on the subcarrier spacing(s) to be supported for NR-U in Rel-16. Performance gains were shown for using higher numerologies (60 kHz SCS) especially for the uplink [3], while 60 kHz was also recognized to require a bit more specification effort. The suitability of 60 kHz subcarrier spacing is also obvious for the support of large carrier bandwidths such as 80 and 160 MHz.

It should be understood that in any case the support for NR-U will be optional in NR UEs, therefore the support for a specific numerology will also be optional. A decision might be required for the numerology of the DRS and PRACH (perhaps with the support of different numerologies for standalone and non-standalone operation), but a down-selection of the numerologies for other signals and channels seems unnecessary.

Proposal 2: NR-U should be designed to support subcarrier spacing with 15, 30 and 60 kHz in Rel-16
· A decision on supported subcarrier spacing(s) for DRS is left to RAN1
· A decision on supporting 60 kHz for PRACH is left to RAN1

Even though RAN4 was not listed as a responsible group for the study, RAN1 liaised with RAN4 to seek guidance on a few aspects, notably the support of wideband carrier in relation to multiple 20 MHz LBT subbands. RAN4 also briefly looked at the possibility of increasing the spectrum utilization for unlicensed spectrum bands in different carrier bandwidths (e.g. 26 PRBs with 60 kHz SCS in 20 MHz), without making a conclusion due to limited time. Such aspects should be concluded in the WI phase, considering performance and complexity. The spectrum utilization of 60 kHz SCS with available 24 PRBs is about 10% smaller than that of 15 kHz SCS (95.4%) and 5% less than that of 30 kHz SCS (91.8%) in 20 MHz bandwidth. For comparison, a 802.11ax station has a higher spectrum utilization (94.5%) with 78.125 kHz SCS in 20 MHz bandwidth.

Proposal 3: RAN4 should conclude on the feasibility of increasing the spectrum utilization (number of usable PRBs within a CBW) in 20 MHz bandwidth with 15/30/60 kHz SCS, as well as in larger CBW.

2.3 2-step RACH
As decided at RAN#81, no study was done for the physical layer aspects of 2-step RACH, while RAN2 made progress on the higher-layer aspects. The design of 2-step RACH physical layer will require plenty of time in RAN1 and should therefore be focused to avoid an explosion of the workload. Targeting 2-step RACH PHY design for small cells in unlicensed spectrum should provide sufficient focus for targeting this work in Rel-16. An expansion of the use case for 2-step RACH for licensed bands (i.e. macro networks) would require significantly more time in the WGs, and is therefore not recommended.

Proposal 4: If included in Rel-16, 2-step RACH design should focus on NR-U small cell scenarios only.

3 Target bands for Rel-16 NR-U WI
The study focused on sub-7 GHz spectrum, namely three frequency ranges:
· 5150-5925 MHz
· 5925-6425 MHz
· 6425-7125 MHz

The design for NR-U operation in those three frequency ranges is expected to be based on the same framework. The only difference may just be in the RAN4 work. In parallel with the NR-U study, 3GPP RAN has been conducting a feasibility study on 6 GHz for LTE and NR in licensed and unlicensed operations [4], consisting of a survey of current regulations and discussions to expand authorizations for licensed-exempt operation in spectrum above 6 GHz. Such decisions have not yet been made in the EU and the USA, but it appears likely that at least the 5925-6425 MHz range could be authorized for unlicensed operation. While 6425-7125 MHz is also being considered in the USA, no decision has yet been made and the same range is being studied for licensed operation in the EU. Therefore, it looks sufficient at first for RAN4 to focus efforts on the 5150-5925 MHz and 5925-6425 MHz band definitions.

Proposal 5: RAN4 to focus on band definitions for 5150-5925 MHz and 5925-6425 MHz.

4 Fair coexistence between NR-U and Wi-Fi in green field unlicensed bands
TR38.889 reports that “for 6 GHz bands, though it is not in the scope of this study to define a fairness criterion with other RATs, a fairness criterion for coexistence has been discussed but no conclusions were reached. For 6GHz coexistence evaluation, the parameters and behaviour of Wi-Fi 802.11ax system and the fairness criterion were left for companies to choose, and are provided together with the evaluation results in Annex B. In the submitted evaluation results, the assumption on the technology neutral channel access mechanism is equal CCA-ED threshold.”

Companies in RAN1 have discussed various ways of defining fair coexistence between two RATs where none is considered to be an incumbent in the band. Some possible fair coexistence criteria are listed below:
· [bookmark: OLE_LINK3]Criterion #1: By adoption of channel access primarily based on LBT with exponential back-off with equal CCA-ED threshold
· Criterion #2: By adoption of channel access primarily based on LBT with exponential back-off with equal CCA-PD threshold with a common preamble
· Criterion #3: Equal air time
· Criterion #4: By compliance to the relevant regulations for the band

There might not be a perfect definition of fair coexistence in this context of greenfield deployments. The discussion quickly runs into considerations going beyond coexistence, such as implementation complexity, power consumption, and design choices proper to each technology. This is especially clear when each technology allows for a large degree of freedom in configuration and implementation, which is the case for advanced technologies such as NR-U and 802.11ax. Some of the possible criterion (e.g. #2 with a common preamble) cannot be implemented unilaterally by just one technology, thus coordination among SDOs defining those technologies would be necessary if that route was chosen.
LTE LAA adopted a channel access mechanism primarily based on LBT (Cat 4) with exponential back-off, which gave assurance to the Wi-Fi community that fair coexistence is possible. The study on NR operation in unlicensed band recommends that a channel access mechanism primarily based on LBT with exponential back-off also be adopted for NR-U. This is also the type of channel access mechanism adopted by all generations of Wi-Fi (including 802.11ax) and mandated by EN 301 893 in Europe for load based equipment (LBE). So criterion #1 or #2 are suitable for judging that fair coexistence is guaranteed by design.
In spite of that, it is possible that unfortunate choices of configuration and implementation could lead to situations where in a specific deployment one technology behaves unfairly towards the other. Such situation could even occur with different implementations of the same technology, e.g. in case of different choices of PD threshold for two managed Wi-Fi networks deployed in the same area. Those situations are resolved case-by-case by operators who deploy the networks, typically by agreeing on the use of separate channels within the band.
Eventually, if recommended configurations are not defined jointly by the two SDOs, minimum requirements would have to be defined in regulatory instances, as was the case when companies and administrations came together at ETSI TC BRAN to set -72 dBm as the maximum threshold for CCA-ED in the 5GHz band for technologies that do not implement detection of the 802.11a preamble, hence setting a de-factor standard for LTE LAA deployments across the world in bands shared with Wi-Fi.
Observation: given the large degree of configurability and implementation choices allowed by NR-U and IEEE802.11ax, and with the adoption of channel access mechanisms primarily based on LBT with exponential back-off for both technologies, 3GPP and IEEE802 should be able to confidently assume that there will be proper configurations can that ensure fair coexistence between the two technologies. Regulations may provide further guidance or necessary restrictions on configurations and implementations under various conditions of deployments. 
Conclusion: 3GPP and IEEE802.11 should be able to proceed with their own design choices, including larger amounts of configurability to ensure always increased performance as technologies are enhanced, as long as both technologies continue using LBT with exponential back-off as the primary channel access mechanism. This is the case today for NR-U (as recommendation of the study) and 802.11ax. Coordination between the SDOs should be maintained to ensure mutual understanding of the design choices, and if sufficient benefits are found then joint design choices may even be made.

Proposal 6: Ensure that specifications for NR-U in Rel-16 provide sufficient configurability of channel access parameters for LBE with exponential back-off as the primary channel access mechanism.

5 Conclusions
This paper provided our considerations on some of the aspects that may require special attention for scoping the Rel-16 WI on NR based access to unlicensed spectrum. The following proposals are made.

Proposal 1: The Rel-16 NR-U WI should follow the conclusions and agreements of the study, with additional focus to prioritize use cases for eMBB in small unlicensed cells. In particular:
· PUSCH enhancements for NR-U should be defined only for CP-OFDM in Rel-16.
· NR-U channel access mechanism should be defined only for LBE in Rel-16. 

Proposal 2: NR-U should be designed to support subcarrier spacing with 15, 30 and 60 kHz in Rel-16
· A decision on narrowing down the supported subcarrier spacing(s) for DRS is left to RAN1

Proposal 3: RAN4 should conclude on the feasibility of increasing the spectrum utilization (number of usable PRBs within a CBW) in 20 MHz bandwidth with 15/30/60 kHz SCS, as well as in larger CBW.

Proposal 4: If included in Rel-16, 2-step RACH design should focus on NR-U small cell scenarios only.

Proposal 5: RAN4 to focus on band definitions for 5150-5925 MHz and 5925-6425 MHz.

Finally, to address fair coexistence in green-field unlicensed bands between NR-U and 802.11ax, the following proposal is made:
Proposal 6: Ensure that specifications for NR-U in Rel-16 provide sufficient configurability of channel access parameters for LBE with exponential back-off as the primary channel access mechanism.
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