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1. Introduction

The study on supporting NR above 52.6 GHz [1] was concluded for RAN1 at RAN1#103e. RAN4 will continue the study until March 2021. TR 38.808 documents the summary of evaluations performed in RAN1 on numerologies and channel access. The TR also makes a series of recommendations and identifies necessary specification work for each candidate subcarrier spacing, as well as additional potential specification work. The WID for extending NR operation up to 71GHz [2] will need to be updated at RAN#90e to reflect the recommendations from RAN1 and to clearly identify the work needed in Rel-17. RAN TSG should decide the subcarrier spacing(s) supported in addition to 120 kHz.
Proposal 1: RAN TSG should decide the (one or two) subcarrier spacing(s) supported in addition to 120 kHz.
· This decision should not be left to the WGs because the support of each additional subcarrier spacing requires additional work in multiple WGs (especially significantly more work in RAN4).
· Choose between supporting 480 kHz or 960 kHz SCS in addition to 120 kHz SCS
It is important that the work be clearly focused in order to avoid overload in RAN1 and RAN4 especially considering the relatively lower work efficiency achieved in e-meetings. It is therefore important to limit the work to essential specification impact that guarantees a functional yet useful feature in terms of performance and supported scenarios. In particular, performance targets should be clearly set. We believe the target should be to allow deployments in licensed and unlicensed operations (already clear in [2]) in scenarios requiring coverage (but not necessarily the highest peak rates) and scenarios requiring very large data rates (but not necessarily the largest coverage). It should also be a target to ensure that the design provides functional BLER for all MCS for any of the selected subcarrier spacings.

Proposal 2: RAN TSG should agree on the high-level targets of the work for extending NR operation up to 71GHz:
· The work should allow deployments in scenarios requiring coverage (but not necessarily the highest peak rates) and in scenarios requiring very large data rates (but not necessarily the largest coverage).

· The work should ensure that the design provides functional BLER for all 64 QAM MCS for any the specified subcarrier spacings.
The following section provides a more detailed analysis of the physical layer specification impact, in particular aspects that are deemed essential but for which further investigations are still needed in RAN1 at the start of the work item phase. Section 3 proposes WID updates to clarify the precise scope of each objective of the WI pre-approved in December 2019.
2. Discussion
2.1 PHY impact of numerologies
WID [2] already contains objectives that are confirmed by the RAN1 recommendations, such as impact to the processing and scheduling timelines. WID needs an update to reflect the targeted values of SCS for both data/control channels as well as for SSB. WID should be updated with the detailed PHY impact for each targeted value of SCS. Our suggested WID updates are provided in section 3.
Considering the serious impact of phase noise at frequencies above 52.6 GHz, the influence of ICI caused by phase noise for large SCS shouldn’t be ignored when a high MCS is scheduled. BLER performance of MCS22 and MCS28 for different SCSs are compared in the following figure to evaluate the ICI influence caused by phase noise for different SCSs. Results are provided when CPE compensation and/or ICI compensation are applied to all SCSs. The results show that ICI compensation provides significant gain for {120, 240, 480} kHz with MCS22 and for all SCSs including 960 kHz with MCS28, when compared with CPE compensation only. 960 kHz SCS with only CPE compensation leaves a BLER floor near 10% for MCS28 due to the large residual ICI power after CPE compensation. Such observations are also captured in TR 38.808 [3].
[image: image1.png]BLER

100 7

1071

1072

IEXXXXXRE

H(CDL-D, 20ns, 60GHz, 3.0km/h, real est.) MCS(22)

240kHz RB128 ICI-5
480kHz RB64 ICI-3
960kHz RB32 ICI-3
120kHz RB256 CPE |
240kHz RB128 CPE
480kHZ RB64 CPE
960kHz RB32 CPE

5

1 12

13
SNR (dB)

14

15

16




[image: image2.png]100

1072

H(CDL-D, 20ns, 60GHz, 3.0km/h, real est.) MCS(28)

—#— 960kHz RB32 CPE
= 960kHz RB32 ICI-3
—8— 480kHz RB64 ICI-5
®- 480kHz RB64 ICI-7
—8— 240kHz RB128 ICI-9
—®— 120kHz RB256 ICI-11

18

20 22 24 26 28 30 2
SNR (dB)





BLER performance comparison of different SCSs for MCS22 and MCS28
(Left: MCS22, Right: MCS28)
In addition, if the PTRS pattern defined in Rel-15 is used for ICI compensation, the accuracy of estimated ICI coefficients is insufficient when a small bandwidth is scheduled or when the interference among UEs is high. With small scheduled bandwidth, the number of PTRS is too little even with the highest frequency density, leading to a low accuracy of estimated ICI coefficients. With high interference among co-scheduled UEs, the received signal of unknown data, which is the main signal used for ICI estimation, includes much interference from other UEs, leading to a low accuracy of estimated ICI coefficients too.
Therefore, ICI compensation based on PTRS enhancements is necessary not only for 120 kHz SCS, but also for both 480 kHz and 960 kHz to achieve a functional BLER at high MCSs. As such, RAN1 should specify enhancements to DL and UL PTRS to ensure functional BLER for all MCSs for any of the supported SCSs. 
2.2 Channel access mechanisms

In the study item, it was agreed that for a gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported. It was also agreed to use the CCA check procedure in EN 302 567 as the baseline for channel access in the 60 GHz band when LBT is applied. Therefore, it is necessary that the work item includes specifying at least channel access with the most beneficial LBT mechanism(s) among the LBT mechanisms identified and evaluated in the study, i.e., omni-directional LBT, directional LBT and receiver-assisted LBT. Consequently, the work item should specify as well any necessary enhancements to the baseline CCA check procedure as applicable to the specified LBT mechanism(s). 
The enhancements to the baseline CCA check procedure to be captured in the updated WID should cover enhancements to the ED threshold, such as enhancements accounting for LBT bandwidth, beamforming gain, transmit power, and the choice of LBT beam and transmission beam, as identified in the study, as well as the backoff procedure itself where applicable. For the enhancements related to the backoff procedure, the updated WID should capture the potential enhancements identified in the study, i.e., introducing CAPC, CWS adjustment and adjusting the CWS range. 
Realizing the fact that, unlike the LBT procedure in Rel-16 NR-U, the frequency domain and the spatial domain aspects of the LBT procedure in the 60 GHz band need to be defined. Alternatives have been discussed for defining the LBT bandwidth over which a single contiguous LBT is performed, and for defining the relationship between the LBT beam and the transmission beam. Since both the LBT bandwidth and the choice of the LBT beam are also among the ED-related aspects identified in the study, the updated WID should clearly include work for specifying the LBT bandwidth relative to the channel bandwidth defined in RAN4 specifications, and for specifying the LBT beam in relation to the transmission beam.
Although specifying the relationship between the LBT beam and a single transmission beam could be a straightforward task, it did not seem to be the same for the case agreed to be supported in the study when multiple transmission beams are multiplexed in the spatial domain or the time domain during the COT. As such, alternatives for defining such a relationship have been discussed in the study to ensure that the LBT procedure accounts for the footprint of the CO to be initiated.  Therefore, the updated WID should capture the work for specifying the spatial relation between the LBT beam(s) at the beginning of the COT and the subsequent transmission beams during the COT, and for investigating the need for directional LBT before each transmission beam in the case of time domain multiplexing.
In terms of specifying channel access with LBT mechanism(s) as agreed in the study item, we think that the updated WID should at least include specification work of the most beneficial LBT mechanism(s) to the system performance among the LBT mechanisms identified and evaluated in the study. In fact, the study has provided observations on the relative performance of Omni-directional LBT, directional LBT and receiver-assisted LBT in Indoor Scenario A. From the observations of 3 sources out of 4, it can be concluded that flavors of receiver-assisted LBT showed performance gains relative to the transmitter–side Omni-directional LBT and directional LBT and that the relative gains increase as the load increases. These observations attest to the fact that employing receiver-assisted LBT is the most efficient solution to combat the interference from hidden nodes which cannot be avoided using the transmitter–side LBT mechanisms. We therefore propose that the updated WID includes specification work of the receiver assisted channel access mechanisms, wherein receiver assistance information is sent only to the transmitter, including the details of assistance information and LBT procedure at the receiver side to provide such assistance information.
3. Proposed WID updates

According to the discussion in section 2, we propose the following updates to the WID.
4.1
Objective of SI or Core part WI or Testing part WI
According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:

· Physical layer aspects including [RAN1]:

· New numerology or numerologies (µ value in 38.211) for operation in this frequency range. Addressing impact on physical signals/channels if any, as identified in the SI. 
· Specify PDCCH/PDSCH/PUCCH/PUSCH with subcarrier spacing:

· 120 kHz with normal CP length
· [480 kHz or 960 kHz] with normal CP length
· For each subcarrier spacing
· Decide the set of supported single carrier bandwidths (by RAN1#104-e]
· Decide a subcarrier spacing value for SSB transmission (by RAN1#104-e), and specify SSB pattern(s) and multiplexing of SSB with CORESET#0 and uplink transmissions
· At least 120 kHz or 240 kHz SCS should be supported for SSB when PDCCH/PDSCH uses 120 kHz SCS

· Note 1: a common subcarrier spacing value or different subcarrier spacing values is to be decided by RAN1
· Note 2: consider impact of channel access mechanisms
· Specify enhancements to DL and UL PT-RS to ensure functional BLER for all MCS for all subcarrier spacing values of PDCCH/PDSCH/PUCCH/PUSCH
· Specify, if needed, enhancements for PUCCH format 0, 1, and 4 to enable higher transmission power when regulatory limits apply
· Specify at least one subcarrier spacing value for PRACH (by RAN1#104-e), and specify longer PRACH sequence lengths, L=571 and L=1151
· Specify support for non-consecutive RACH occasions (RO) in RO configuration, considering LBT gap between ROs
· For operation with PDCCH/PDSCH/PUCCH/PUSCH SCS of [480 or 960 kHz]:
· Specify PDCCH monitoring enhancements
· Specify multi-PDSCH scheduling and related HARQ enhancements
· Specify, if needed, enhancements to multi-PUSCH scheduling
· Specify, if needed, DM-RS enhancements
· Time line related aspects adapted to each of the new numerologies, e.g., BWP and beam switching times, HARQ scheduling, UE processing, preparation and computation times for PDSCH, PUSCH/SRS and CSI, respectively.
· Specify timeline related aspects for the new SCS
· Note: for 120 kHz SCS, reuse the Rel-15/Rel-16 timelines whenever available
· Specify DL/UL switching gap for the new SCS, taking into account minimum requirements on timing errors for new SCS values and minimum requirements for beam switching delay [RAN4, RAN1]
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Specify, if needed, a transmission window (such as DRS window) and SSB cycling transmission within a DRS transmission window.
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. 
· For the CCA check procedure in EN 302 567 that is used as the baseline for channel access for 60GHz band when LBT is applied, specify

· Enhancements in ED threshold to account for aspects such as LBT bandwidth, beamforming gain, transmit power, and the choice of LBT beam and transmission beam.

· Channel Access Priority Class (CAPC), contention window adjustment mechanisms, and contention window range adjustment

· For the LBT procedure, 

· Specify LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth

· Specify the relationship between LBT beam and transmission beam.
· Specify, if needed, Cat 2 LBT at the responding device to share the channel occupancy time (COT) and a maximum gap between initiating device and the responding device during the shared COT
· Specify receiver assisted channel access mechanisms wherein receiver assistance information is sent only to the transmitter. Specify details of assistance information and LBT at the receiver side to provide such assistance information. 
· For LBT used with multiplexed transmission beams during COT
· When transmission beams are multiplexed in spatial domain, specify the spatial relation between the LBT beam and the transmission beams.
· When transmission beams are multiplexed in time domain in different beams, specify the spatial relation between the LBT beam at the beginning of the COT and the subsequent transmission beams during the COT. Further, investigate whether or not a directional LBT is required before each transmission beam.
· For regions where LBT is required and short control signaling without LBT is allowed, specify restrictions to contention-exempt short control signalling transmission such as duty cycle, content, and TX power.

· For operation where LBT is not required, specify only necessary conditions, mechanisms, and additional restrictions for channel access without LBT. 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in unlicensed spectrum in this frequency range: Protocol aspects, as required, to specify the channel access mechanism for unlicensed operation in this frequency range.
· Core specifications for UE, gNB and RRM requirements [RAN4]:

· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.

· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 

· Specify RRM/RLM core requirements.

Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: The maximum FFT size required to operate the system in 52.6 GHz to 71 GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.
Note 3: the system is designed to operate with a single numerology for PDCCH/PDSCH/PUCCH/PUSCH (i.e. there is no mixing of the supported numerologies for PDCCH/PDSCH/PUCCH/PUSCH in UE configuration)
Note 4: the system is designed to support both single-carrier and multi-carrier operation
Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.  

4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify the following requirements [RAN4]

· Base station demodulation performance requirements

· UE demodulation performance requirements

· Radio Resource Management performance requirements, including RRM/RLM test cases

· Base station conformance testing

4. Conclusions

The study on supporting NR above 52.6 GHz [1] was concluded for RAN1 at RAN1#103e. RAN4 will continue the study until March 2021. TR 38.808 documents the summary of evaluations performed in RAN1 on numerologies and channel access. The TR also makes a series of recommendations and identifies necessary specification work for each candidate subcarrier spacing, as well as additional potential specification work. The WID for extending NR operation up to 71GHz [2] will need to be updated at RAN#90e to reflect the recommendations from RAN1 and to clearly identify the work needed in Rel-17. RAN TSG should decide the subcarrier spacing(s) supported in addition to 120 kHz. 

Proposal 1: RAN TSG should decide the (one or two) subcarrier spacing(s) supported in addition to 120 kHz.
· This decision should not be left to the WGs because the support of each additional subcarrier spacing requires additional work in multiple WGs (especially significantly more work in RAN4).
· Choose between supporting 480 kHz or 960 kHz SCS in addition to 120 kHz SCS
Proposal 2: RAN TSG should agree on the high-level targets of the work for extending NR operation up to 71GHz:
· The work should allow deployments in scenarios requiring coverage (but not necessarily the highest peak rates) and in scenarios requiring very large data rates (but not necessarily the largest coverage).

· The work should ensure that the design provides functional BLER for all 64 QAM MCS for any the specified subcarrier spacings.
Proposal 3: Consider the proposed updates to the objectives of the WID pre-approved in RP-201845, in order to have a clear focus for the objectives of the work item.
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