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1	Introduction
[bookmark: _GoBack]In RAN#86, a new SI has been approved for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 with following objectives captured in RP-193259 [1]:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   
Furthermore, in RAN1#101-e, agreements have been captured in the summary of email discussions [2] and chairman notes [3] and are listed in the appendix section 5.3 of this contribution.
In this contribution, we discuss and provide our views on the considerations required for channel access mechanism for the unlicensed band between 52.6GHz and 71GHz.
2	Discussion
2.1 LBT-based channel access for unlicensed spectrum beyond 52.6GHz
In Rel-16 WI for NR-U, channel access mechanism has been specified primarily around 5 GHz and 6 GHz in FR1, where the Listen-Before-Talk (LBT) operation or Clear Channel Assessment (CCA) is based mainly on omni-directional signal detection. The frequency range between 52.6 GHz and 71 GHz covers unlicensed spectrum for various regions across the globe, and it is used for different applications including 60 GHz Wi-Fi. In order to leverage the 60 GHz unlicensed band for NR-U in 3GPP and to comply with the regulatory requirements in this frequency range, mmWave propagation characteristics need to be taken into account, which imposes e.g. directional transmissions with beamforming techniques to enhance the signal coverage and overcome the propagation limits. 60 GHz Wi-Fi such as IEEE 802.11ad adopts beamformed data transmission as well as a beam sweeping procedure. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For the channel access mechanism applied in 60 GHz unlicensed band, while rules and specifications are under discussion and revision by the regulatory bodies, LBT is still an important solution we need to consider. In Europe, different operating modes in unlicensed spectrum for different deployment use cases are identified by CEPT, and in the ETSI Harmonized Standard EN 302 567 [4], which mainly involves indoor deployment, LBT procedures are mandatory. However, if conventional omni-directional LBT is used as in LAA/eLAA/FeLAA/NR-U, the LBT result may not reflect the actual interference and lead to over protection and conservative use of the channel resources. For the example shown in the Figure 1, if omni-directional LBT is used by gNB1, the beamforming transmission from gNB2 to UE2 could be sensed by the gNB1 thereby blocking/preventing the beamforming transmission from gNB1 to UE1, even though they are in different directions and can work without interference between each other. Directional LBT mechanism becomes highly attractive by improving the probability of successful channel access. An example is given in Figure 2, where the transmitter (e.g., gNB1 in Figure 2) will only detect the energy within specific spatial region, and if the LBT procedures based on this kind of energy detection generates a success result, then the transmitter can perform a transmission within that specific spatial region. Comparing to omni-directional LBT, directional LBT can increase the probability of spatial reuse.
[image: ]
Figure 1: Example of exposed node problem with omni-directional LBT

[image: ]
Figure 2: Example of beam-based (directional) LBT
[bookmark: _Hlk40209807][bookmark: OLE_LINK1][bookmark: _Hlk40209780]Therefore, the coexistence between NR and e.g. 60 GHz Wi-Fi should consider directional LBT operation for better signal detection and interference avoidance. Moreover, further study and evaluation related to directional LBT are needed. We should further discuss, for example, how to define the specific spatial region of a CO and criteria for beams used by the transmissions sharing the CO. Another discussion issue is whether and impact of gNB performing multiple directional LBT procedures for covering the UEs in multiple directions. This may result in multiple COs and switching between the COs, thus the overhead will increase, and each CO may become much shorter than R16 NR-U as well as MCOT. The design of the directional LBT mechanism is key to enabling and maximizing the spatial reuse gain.
Proposal 1: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17 and for fair coexistence with other users, directional (beam based) LBT operation at both the gNB and UE should be considered for enhanced channel access mechanism. 

2.2 Beam and interference management in NR-U for beyond 52.6GHz
As beamformed transmission is assumed for unlicensed spectrum for beyond 52.6 GHz, narrow beams may cause extreme interference to the other nodes due to the concentrated energy albeit in a rather narrow spatial area. On the other hand, the interferers to NR system such as Wi-Fi access points and/or other NR networks working at these bands would also have directional transmission. NR systems working at frequency band beyond 52.6 GHz should be supported with enhanced interference management along with efficient beamforming management techniques for interference avoidance and mitigation. Furthermore, performing LBT only at Tx may not be enough to guarantee a free-of-interference reception due to hidden nodes to the transmitter.
Proposal 2: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17, enhanced beamforming and interference management techniques should be considered.
2.2 Other channel access methods for unlicensed spectrum beyond 52.6GHz
Based on the conclusion from RAN1#101-e captured in [2], channel access mechanism other than LBT may also be considered for the unlicensed spectrum ranging from 57GHz to 71GHz, depending up on the region. For example, spectrum access is not specified for this unlicensed spectrum in the U.S.A, rather only the requirements on transmission power limits in terms of EIRP and/o maximum conducted output power are specified by the FCC. However, fair usage of unlicensed spectrum and effectively mitigating interference in 60GHz band should be essential. For this purpose, at least some initial simulations in the ECC Report 288 [5] evaluated the effect of LBT based channel access mechanism on overall system capacity in the unlicensed spectrum from 57GHz to 66GHz, as shown in Figure 3 (Figure 59 from [5]).

[image: ]
Figure 3: System capacity evaluation with & W/O LBT [from ECC Report 388, Figure 59]

From the simulations results, it has been concluded in [5] that the capacity drops faster with the increase of the number of interferer links, where the maximum capacity is reached without LBT. Depending upon the energy detection threshold, the effect of LBT can be worse. 

Based on the regulatory requirements for channel access mechanism and performance of LBT in 60GHz band, in our view, further investigations could be done to consider channel access mechanism without LBT, at least for regions and bands where LBT is not mandatory for the channel access mechanism.

Proposal 3: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17 and for fair coexistence with other users, channel access mechanism other than LBT could be further investigated, at least for regions where LBT is not mandated. 

3	Conclusion
In this contribution, we share our views on different design aspects for potential NR-U enhancements at 60 GHz frequency and provide following proposals: 
Proposal 1: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17 and for fair coexistence with other users, directional (beam based) LBT operation at both the gNB and UE should be considered for enhanced channel access mechanism. 
Proposal 2: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17, enhanced beamforming and interference management techniques should be considered.
Proposal 3: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17 and for fair coexistence with other users, channel access mechanism other than LBT could be further investigated, at least for regions where LBT is not mandated. 
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5	Appendix 
5.1 Previous agreements (RAN1-101e)

In RAN1#101-e, following agreements have been made:
Agreement:
The proposals in Tables 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 of R1-2005185 are agreed.
Agreement:
Update the CP type field of Table 2 in R1-2005186 as:
· Normal CP
· Extended CP (FFS: optional)
· Note: ECP is not expected to be applicable in all SCS and channel conditions, and companies providing results for ECP are encouraged to provide evaluation results with motivation/justification of simulated ECP cases

Agreement:
· Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted)
· TDL model as defined in of TR38.901 Section 7.7.2:
· TDL-A (5ns, 10ns, DS) 
· FFS: 20ns, 40ns, 60ns DS as optional or not optional DS for consideration: 20ns, 40ns, 60ns DS
· CDL model as defined in of TR38.901 Section 7.7.1:
· CDL-B (20ns, 50ns DS)
· CDL-D (20ns, 30ns DS) with K-factor = 10 dB
· FFS: 100ns DS as optional or not optional DS for consideration: 100ns DS
[bookmark: _Hlk43320860]Agreement:
Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted):
· FFS: modification CDL-B/D model 
· (a) Indoor Office NLOS: CDL-B (20 ns DS), and Indoor Office LOS: CDL-D (20 ns DS)
· Use mean angular spread values from Table 7.5.6-Part2 (for ASD, ASA, and ZSA) and Table 7.5-10 (for ZSD)
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Mean K-factor for CDL-D from Table 7.5.6-Part2 (9 dB)
· (b) UMi – Street Canyon NLOS: CDL-B (50 ns DS), and UMi – Street Canyon LOS: CDL-D (30 ns)
· Use mean angular spread values from Table 7.5.6-Part1 (for ASD, ASA, and ZSA) and Table 7.5-8 (for ZSD).
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Use mean K-factor for CDL-D from Table 7.5.6-Part1 (7 dB)
· Note: Mean angular spread values are used as desired AS value to scale the ray angles as described in TR38.901 section 7.7.5.1. As baseline, the ray angles are not translated, meaning  (TR38.901 section 7.7.5.1). If companies perform translation of the ray angles they are encouraged to report the details. The mean K-factor is used to scale the tap powers as described in TR38.901 section 7.7.6.
· The mean angular spread values are used to scale the ray angles using the following equation:
· [image: ]

[bookmark: _Hlk43320439]Agreement:
Agree to Table 11 in R1-2005186 in addition to already agreed Tables for evaluation parameters.
[bookmark: _Hlk43320911]Agreement:
Add the following FFS to outdoor scenarios-A and B in the deployment scenario field of Table 6 in R1-2005186.
· FFS: Reducing deployment size from 7 sites to 1 site for performance evaluations with both single and two operator scenarios.

[bookmark: _Hlk43320299]Agreement:
Update the field description for Deployment Scenario in Table 6 in R1-2005186 as (unchanged text omitted):
· Primary scenario:
· Scenario indoor-A or C (FFS: which scenario is primary)
· Scenario indoor-C (FFS: whether in primary or secondary scenario)
· Secondary scenario:
· Scenario indoor-C or A (FFS: which scenario is secondary) (FFS: whether in primary or secondary scenario)

[bookmark: _Hlk43320496]Agreement:
Add the following new evaluation parameter field for SLS
	Parameter Set 7
	Synchronization Assumption

	Proposal
	Companies are asked to provide information on the synchronization assumption made between operators for 2 operator deployment scenarios.



[bookmark: _Hlk43320653]Conclusion: 
· Companies are encouraged to provide inputs and considerations for the following identified physical layer aspects:
· Candidate numerology (SCS, and CP length) to be supported by RAN1 specification.
· Discussions may include how RAN1 should conclude on determination of the candidate numerologies
· Discussion may also include identification of any coupling with other system parameters, such as bandwidth (number of PRB), FFT size, etc
· Candidate bandwidths (or range of bandwidth) to be supported by RAN1 specification and related considerations (e.g. maximum FFT size)
· Discussions may include how RAN1 should conclude on determination of the candidate bandwidths
· Identification of potential impacts to PHY due to the candidate numerology and bandwidths 
· Discussion may include how to address the impacts to PHY channels and procedures, such as initial access, UL/DL signal/channel, scheduling/HARQ
· Identification of regulatory aspects to consider in channel access (and interference mitigation techniques) for 60GHz unlicensed NR operation
· Note: some examples of consideration aspects could be CCA sensitivity levels, time unit for measurement and back-off counters, access categories, channel bandwidth occupancy, LBT bandwidth, maximum output power, ED threshold, etc.
· Supported channel access and interference mitigation techniques
· Discussion may include how RAN1 should conclude on channel access schemes and/or interference mitigation techniques (e.g. omni-directional LBT, directional LBT, receiver-aided LBT, no-LBT, ATPC, etc) and identification of various consideration aspects (in the decision-making process)
· Discussions may also include whether to always mandate LBT operations or not

· In addition to the above considerations, the following physical layer aspects have been additionally mentioned (but not limited to) in RAN1#101-e and can be further studied:
· Initial access signals/channels
· Investigation of transmissions of SS/PBCH blocks (including beam switching time)
· SSB and CORESET#0 multiplexing
· PRACH sequence lengths to achieve max allowed EIRP
· non-consecutive RO within RACH slot to provide LBT gap
· Other DL/UL signals/channels
· Performance verification of existing and improved RS, e.g., DMRS & PTRS
· Coverage requirements for IAB and for short physical channels
· Handling of control/data channel coverage by OFDM symbol shortening
· Investigation of UL interlace transmissions
· Beam management
· Beam determination/refinement during initial access
· Beam failure detection issues
· DL/UL beam correspondence in licensed/unlicensed spectrum
· Required processing timelines and scheduling
· UE minimum processing timelines and PDCCH monitoring capabilities (BD/CCE limits) for high SCS and their potential impact on scheduling and HARQ functionality of NR
· CSI processing timeline and CSI processing unit availability for different SCS
· Handling of beam switching time for control/data channel transmission
· Scheduling operation, including the T/F scheduling granularity and PDCCH monitoring unit for high SCSs
· Channel access
· OCB constraints and related specification impact
· PSD constraints and related specification impact
· FBE operations 
· LBT procedure with respect to {carrier BW, RB set, maximum power, ED threshold}
· Shared COT mechanisms
· Potential enhancements to increase the channel access opportunities
· Others
· Maintaining cell coverage/link budget for high SCSs
· Supporting rank-2 SU-MIMO for DFT-s-OFDM
· Multi-carrier based operation for multi-RAT coexistence in unlicensed band
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