1.1 Study on supporting NR from 52.6GHz to 71 GHz
Please refer to RP-201838 for detailed scope of the SI

R1-2007958
Draft TR 38.808 v002: Study on supporting NR from 52.6 GHz to 71 GHz
Intel Corporation

Agreement:
R1-2007958 is endorsed with the “smallest of Z_min” modifed to “smallest value of Z_max” and setting Z_min equal to 0 in Section A.3. Modifications to fix errors will be made as part of upcoming updates.
1.1.1 Required changes to NR using existing DL/UL NR waveform
R1-2007549
"Further discussion on B52 numerology"
FUTUREWEI

R1-2007558
Discussion on physical layer impacts for NR beyond 52.6 GHz
Lenovo, Motorola Mobility

R1-2007604
PHY design in 52.6-71 GHz using NR waveform
Huawei, HiSilicon

R1-2007642
Physical layer design for NR 52.6-71GHz
Beijing Xiaomi Software Tech

R1-2007652
Discussion on requried changes to NR using existing DL/UL NR waveform
vivo

R1-2007785
Consideration on required changes to NR using existing NR waveform
Fujitsu

R1-2007790
Consideration on supporting above 52.6GHz in NR
InterDigital, Inc.

R1-2007847
System Analysis of NR opration in 52.6 to 71 GHz
CATT

R1-2007883
Required changes to NR using existing DL/UL NR waveform
TCL Communication Ltd.

R1-2007926
Required changes to NR using existing DL/UL NR waveform
Nokia, Nokia Shanghai Bell

R1-2007929
On phase noise compensation for NR from 52.6GHz to 71GHz
Mitsubishi Electric RCE

R1-2007941
Discussion on Required Changes to NR in 52.6 – 71 GHz
Intel Corporation

R1-2007965
On the required changes to NR for above 52.6GHz
ZTE, Sanechips

R1-2007982
On NR operations in 52.6 to 71 GHz
Ericsson

R1-2008045
Consideration on required physical layer changes to support NR above 52.6 GHz
LG Electronics

R1-2008076
Discussion on required changes to NR using existing DL/UL NR waveform in 52.6GHz ~ 71GHz


CMCC

R1-2008082
Study on the numerology to support 52.6 GHz to 71GHz
NEC

R1-2008156
Design aspects for extending NR to up to 71 GHz
Samsung

R1-2008250
Discusson on required changes to NR using DL/UL NR waveform
OPPO

R1-2008353
Considerations on required changes to NR from 52.6 GHz to 71 GHz
Sony

R1-2008457
A Discussion on Physical Layer Design for NR above 52.6GHz
Apple

R1-2008493
Discussions on required changes on supporting NR from 52.6GHz to 71 GHz
CAICT

R1-2008501
On required changes to NR using existing DL/UL NR waveform for operation in 60GHz band


MediaTek Inc.

R1-2008516
On NR operation between 52.6 GHz and 71 GHz
Convida Wireless

R1-2008547
Evaluation Methodology and Required Changes on NR from 52.6 to 71 GHz
NTT DOCOMO, INC.

R1-2008615
NR using existing DL-UL NR waveform to support operation between 52p6 GHz and 71 GHz


Qualcomm Incorporated

R1-2008726
Discussion on physical layer aspects for NR beyond 52.6GHz
WILUS Inc.

R1-2008769
Waveform considerations for NR above 52.6 GHz
Charter Communications

[103-e-NR-52-71-Waveform-Changes] Email discussion/approval on required changes to NR using existing DL/UL NR waveform and any TR updates until 11/2; address any remaining aspects by 11/10 – Daewon (Intel)
Additional checkpoints where agreements can be declared: 11/5 and 11/12 (11/12 for approval of final TR)
R1-2009313
Issue Summary for physical layer changes for supporting NR from 52.6 GHz to 71 GHz
Moderator (Intel Corporation)
Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

R1-2009352
[103-e-NR-52-71-Waveform-Changes] Discussions Summary #1
Moderator (Intel Corporation)
Agreement:
For operation in 52-71 GHz:

· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 

1.1.2 Channel access mechanism
R1-2007550
On channel access modes in 60GHz
FUTUREWEI

R1-2007559
Discussion on channel access for NR beyond 52.6 GHz
Lenovo, Motorola Mobility

R1-2007605
Channel access mechanism for 60 GHz unlicensed operation
Huawei, HiSilicon

R1-2007643
Channel access mechanism for NR on 52.6-71 GHz
Beijing Xiaomi Software Tech

R1-2007653
Discussion on channel access mechanism
vivo

R1-2007791
On Channel access mechanisms
InterDigital, Inc.

R1-2007848
Channel Access Mechanism in support of NR operation in 52.6 to 71 GHz
CATT

R1-2007884
Channel access mechanism
TCL Communication Ltd.

R1-2007918
Channel access mechanisms for NR from 52.6-71GHz
AT&T

R1-2007927
Design of NR channel access mechanisms for 60 GHz unlicensed band
Nokia, Nokia Shanghai Bell

R1-2007942
Channel Access Procedure for NR in 52.6 - 71 GHz
Intel Corporation

R1-2007966
On the channel access mechanism for above 52.6GHz
ZTE, Sanechips

R1-2007983
Channel Access Mechanism
Ericsson

R1-2008046
Considerations on channel access mechanism to support NR above 52.6 GHz
LG Electronics

R1-2008091
Discussion on channel access mechanism for above 52.6GHz
Spreadtrum Communications

R1-2008157
Channel access mechanism for 60 GHz unlicensed spectrum
Samsung

R1-2008251
Discussion on channel access
OPPO

R1-2008354
Channel access mechanism for 60 GHz unlicensed spectrum
Sony

R1-2008458
Views on Channel Access Mechanisms  for Unlicensed Access above 52.6 GHz
Apple

R1-2008494
Discussions on channel access mechanism on supporting NR from 52.6GHz to 71 GHz
CAICT

R1-2008517
On Channel Access Mechanism and Interference Handling for Supporting NR from 52.6 GHz to 71 GHz
Convida Wireless

R1-2008548
Channel Access Mechanism for NR in 60 GHz unlicensed spectrum
NTT DOCOMO, INC.

R1-2008563
Discussion on channel access mechanism
ITRI

R1-2008630
Channel access mechanism for NR in 52p6 to 71GHz band
Qualcomm Incorporated

Revision of R1-2008616
R1-2008717
Discussion on channel access mechanism for 52.6 to 71GHz unlicensed band
Potevio

R1-2008770
Further aspects of channel access mechanisms
Charter Communications

[103-e-NR-52-71-Channel-Access] Email discussion/approval on channel access mechanisms including aspects related to system level simulations until 11/3; address any remaining aspects by 11/11 – Jing (Qualcomm)
Additional checkpoint where agreements can be declared: 11/9
R1-2009344
FL summary for channel access mechanism for 52.6GHz-71GHz band
Moderator (Qualcomm Incorporated)
R1-2009363
FL summary for channel access mechanism for 52.6GHz-71GHz band
Moderator (Qualcomm Incorporated)
R1-2009368
FL summary for channel access mechanism for 52.6GHz-71GHz band
Moderator (Qualcomm Incorporated)

R1-2009408
Conclusion:
It is assumed that at least one transmission of a signal/channel that meets the OCB requirement defined in BRAN should be supported.
Alternate Conclusion:
· It is assumed that nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· It is assumed that nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.
Agreement:
At least when operating with LBT, MCOT is 5ms, including all the gaps inside

Note: Discussions related to further reductions in MCOT due to potential definition of CAPC will be handled separately.

Agreement:
Use the CCA check procedure in EN 302 567 (per RAN1 understanding as from RAN1 #102-e) as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work.
· Whether CAPC and contention window adjustment mechanisms are introduced
· Whether ED threshold change is needed, e.g., due to changes in bandwidth, beamforming gain etc.
· Whether contention window range needs to be adjusted

Conclusion:
There is no maximum channel occupancy time defined when gNB and all UEs in the cell are operating without LBT.

Conclusion:
If a COT is defined for the case where no LBT is used by a gNB/UE, there is no COT sharing when a channel occupancy is not initiated with LBT
Conclusion:

A COT can only be shared if it is initiated after LBT.

Proposal:
It is RAN1 understanding that nominal bandwidth at the UE or gNB is equivalent to channel bandwidth supported by UE or gNB respectively as defined if 38.101.
Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.

· Comparison of No-LBT (NLBT) and Tx Side ED based Omnidirectional Sensing (TxED-Omni) for Indoor Scenerio A: 6 Companies have compared No-LBT with Tx Side ED based Omni sensing LBT 
· Vivo, show tail and median benefits of using TxED-Omni LBT on DL, at high loading. In other cases, including all loads for UL and other loads for DL, TdxED-Omni LBT scheme shows losses. All results are at ED threshold -47.

· Intel shows gains for 5%ile DL throughput at high loads with TxED-Omni LBT. In other cases including all loads for UL and other loads for DL, TdxED-Omni LBT scheme shows losses. All results are at ED threshold -47.

· Ericsson, HW, Nokia, Qualcomm and Samsung show loss for TxED-Omni LBT with an EDT of -47 or -48 dB for all cases.
1.1.3 Others

R1-2007560
Additional evaluations for NR beyond 52.6GHz
Lenovo, Motorola Mobility

R1-2007654
Evaluation on different numerologies for NR using existing DL/UL NR waveform
vivo

R1-2007792
Evaluation results for above 52.6 GHz
InterDigital, Inc.

R1-2007928
Simulation Results for NR from 52.6 GHz to 71 GHz
Nokia, Nokia Shanghai Bell

Late submission

R1-2007943
Considerations on performance evaluation for NR in 52.6-71GHz
Intel Corporation

R1-2007967
Simulation results for NR above 52.6GHz
ZTE, Sanechips

R1-2007984
Evaluation results for NR in 52.6 - 71 GHz
Ericsson

R1-2008047
Considerations on phase noise compensation to support NR above 52.6 GHz
LG Electronics

R1-2008158
Evaluaton results for extending NR to up to 71 GHz
Samsung

R1-2008252
Discussion on other aspects
OPPO

R1-2008459
Evaluation results for Physical Layer Design for NR above 52.6GHz
Apple

R1-2008549
Potential Enhancements for NR on 52.6 to 71 GHz
NTT DOCOMO, INC.

R1-2008771
Performance evaluations for NR above 52.6 GHz
Charter Communications

R1-2008779
Link level and System level evaluation for NR system operating in 52.6GHz to 71GHz
Huawei, HiSilicon

[103-e-NR-52-71-Evaluations] Email discussion/approval on aspects related to link level evaluations until 11/4; address any remaining aspects by 11/12 – Huaming (Vivo)
Additional checkpoint where agreements can be declared: 11/9
R1-2009111
Summary of link level evaluation results and related issues on supporting NR from 52.6 GHz to 71 GHz
Moderator (Vivo)
R1-2009355
Discussion summary #1 for [103-e-NR-52-71-Evaluations]
Moderator (Vivo)
R1-2009377

Agreement:
Capture the following observations in the TR (updates to references and other editorial modifications can be made for inclusion in the TR):

7 sources ([61, Ericsson], [26, Qualcomm], [56, vivo], [64, OPPO], [21, Apple], [25, NTT DOCOMO], [12, Intel]) reported evaluation results of PSS/SSS detection performance in terms of SINR in dB achieving cell ID detection probability of 90% by one-shot detection from PSS/SSS. 4 sources ([61, Ericsson], [26, Qualcomm], [56, vivo], [21, Apple]) reported PBCH performance in terms of SINR in dB achieving PBCH BLER target of 10%. 2 sources ([5, vivo], [14, 61, Ericsson]) compared link budget of SSB for different SCS. 

· For PSS and SSS detection performance, all evaluated candidate SCSs (120, 240, 480 and 960 kHz) show comparable performances with the non-optional (non-optional to be replaced by references to channel model in Tables to be added when capturing in TR) channel models and delay spread values.

· The performance degrades as the increase of SCS.

· Note: The following references are used to derive the observations. 

· 6 out of 7 sources reported minor performance difference (< or ~ 1 dB) between adjacent SCS for all evaluated candidate SCSs (120, 240, 480 and 960 kHz). The other source ([21, Apple]) reported more than 3 dB performance gap of 960 kHz SCS compared to other 120, 240 and 480 kHz SCS. It also reported that the gap of 960 kHz increases as the delay spread increases.

· For PBCH BLER performance, all evaluated candidate SCSs (120, 240, 480 and 960 KHz) show comparable performances with the non-optional (non-optional to be replaced by references to channel model in Tables to be added when capturing in TR) channel models and delay spread.

· The performance degrades as the increase of SCS.

· All 4 sources reported minor performance difference (< or ~ 1 dB) between adjacent SCS for all evaluated candidate SCSs (120, 240, 480 and 960 KHz).

· The performance gap between 120 and 960 kHz is up to ~ 1.8 dB.

· In terms of SSB link budget, smaller SCS have better coverage than larger SCS 

· The MCL and MIL difference between 120 kHz SCS and 480 kHz SCS is about 5 dB. The MCL and MIL difference between 120 kHz SCS and 960 KHz SCS is about 8 dB. 

Agreement:
Capture the following observations in the TR (updates to references and other editorial modifications can be made for inclusion in the TR):

8 sources ([61, Ericsson], [68, Huawei], [26, Qualcomm], [56, vivo], [60, ZTE], [64, OPPO], [25, NTT DOCOMO], [12, Intel]) reported evaluation results of PRACH preamble detection performance in terms of SINR in dB achieving PRACH preamble misdetection probability of 1% with evaluation assumptions and parameters as in Table A.1-1 of TR 38.808.  Two sources ([14, 61, Ericsson], [19, OPPO]) compared link budget of PRACH for different SCS. 

The following are observed.

· For PRACH preamble detection performances for the same PRACH format, all evaluated candidate SCSs (120, 240, 480 and 960 kHz) show comparable performances

· Note: The following references were used to derive the observations. 

· 7 out of 8 sources reported minor performance difference (< or ~ 1 dB) between adjacent SCS for all evaluated candidate SCSs (120, 240, 480 and 960 kHz). The other source ([64, OPPO]) reported minor performances difference among all SCS for TDL-A with 5 and 10ns DS. It reported infinite SINR for 960 kHz SCS and comparable SINR for 120, 240 and 480 kHz SCS in TDL-A with 20ns DS using the metrics of preamble miss detection probability of 1% and the estimated timing error is within [-Tcp/2, Tcp/2].

· For PRACH link budget of the same PRACH format and the same sequence length, maximum isotropic loss (MIL) and maximum coupling loss (MCL) degrade as the subcarrier spacing is increased, negatively impacting coverage.

· Two sources ([14, 61, Ericsson], [19, OPPO]) reported that with UE power limitation of 25 dBm EIRP, the MCL/MIL difference between 120 KHz SCS and 480 KHz SCS is about 4 to 5 dB; the MCL/MIL difference between 120 KHz SCS and 960 KHz SCS is about 8 dB. 

· One source ([14, 61, Ericsson]) reported that without UE power limitation of 25 dBm EIRP (but still under regulatory limits), the MCL difference between 120 kHz SCS and 480 kHz SCS is less than 2.5 dB; the MCL difference between 120 kHz SCS and 960 kHz SCS is less than 1 dB. 

· One source ([14, 61, Ericsson]) reported that without UE power limitation of 25 dBm EIRPs (but still under regulatory limits), compared to short PRACH sequence length, longer PRACH sequence length improve MCL/MIL significantly for 120 kHz SCS due to wider bandwidth for a given SCS. 

Agreement:
Capture the following observations in the TR (updates to references and other editorial modifications can be made for inclusion in the TR):

For CP-OFDM, the following are observed regarding the impact of DMRS to BLER performance. 

· One source ([57, InterDigital]) reported performance improvement with increased number of DMRS symbols or increased DMRS density especially for higher modulation order for 960 kHz SCS in TDL-A (5 ns and 10 ns delay spread).

· One source ([14, Ericsson]) reported for 480 kHz SCS and below with large delay spread (TDL-A with 40 ns delay spread), the room for performance improvement with a change to the Rel-15 DMRS design is very limited.

· One source ([12, Intel]) reported a performance drop when frequency domain OCC is enabled especially for higher order modulation such as 64 QAM (MCS 22) for 960 kHz SCS in TDL-A (10ns and 20 ns delay spread) and 480 kHz SCS (20 ns delay spread). The performance gap increases when channel delay spread increases.

· One source ([26, Qualcomm]) reported performance improvement with a new DMRS pattern featured by high frequency density (i.e., every RE) and 2-FD-OCC across adjacent REs for 960 kHz SCS in TDL-A (20 ns and 40 ns delay spread)..

· One source ([10, Nokia]) reported that with Rel-15 DMRS type-1, different delay spread values (10ns and 20ns) have a negligible impact to the demodulation performance of PDSCH for a high SCS (such as 960 kHz).

Agreement:
Capture the following observations in the TR (updates to references and other editorial modifications can be made for inclusion in the TR):

7 sources ([61, Ericsson], [68, Huawei], [26, Qualcomm], [56, vivo], [64, OPPO], [10, Nokia], [21, Apple]) evaluated DFT-S-OFDM PUSCH BLER performance with different SCS. 
· Compared to CP-OFDM when CPE-only compensation is enabled, DFT-s-OFDM is more robust under phase noise.

· For low and medium MCSs (QPSK and 16QAM), there’s minor performance difference among evaluated SCSs up to 960 kHz. 

· With normal CP, for high MCS (64QAM), the performance improves as the increase of SCS, 120 kHz SCS shows up to ~2.0dB loss compared to other larger SCS.

· Note: the following are references when derive the observations. 

· One source ([61, Ericsson]) reported a performance gap of 1.4~1.8 dB between 120 and 960 kHz SCS

· One source ([68, Huawei]) reported a performance gap of 1.3~2.5 dB between 120 and 960 kHz SCS

· One source ([26, Qualcomm]) reported a performance gap of 1.2~1.7 dB between 120 and 960 kHz SCS

· One source ([56, vivo]) reported a performance gap of ~1.4 dB between 120 and 960 kHz SCS

· One source ([10, Nokia]) did not report numerical SINR results in table but provided figures showing approximately similar performance difference (~ 2 dB) between 120 and 960 kHz SCS.
· One source ([21, Apple]) reported a performance gap of more than 7 dB performance gap between 120 kHz SCS and other SCS (240, 480 and 960 kHz) at TDL-A 5 ns DS. It also reported 120 kHz SCS cannot meet the BLER target of 10% at TDL-A 10ns DS and 960 kHz SCS cannot meet the BLER target of 10% at TDL-A 20ns DS.

· Another source ([64, OPPO]) reported 120 and 240 kHz SCS cannot meet the BLER target of 10% for all evaluated DS values.

· For high MCS (64QAM) at large delay spread (TDL-A 40ns or CDL-B 50ns DS), there’s error floor for 960 KHz SCS at least for BLER target 1%.

· Note: the following are reference when derive the observations. 

· One source ([26, Qualcomm]) reported an error floor for 960 kHz SCS for BLER target 1%.

· One source ([56, vivo]) reported an error floor for 960 kHz SCS for BLER target 10%

· One source ([64, OPPO]) reported no error floor of 960 kHz SCS for the BLER target of 10% and 1% for CDL-B 50ns but an error floor for 960 kHz SCS at TDL-A 20ns for BLER target 1%

[103-e-NR-52-71GHz-Eval_results] Email discussion/approval on collection of simulation results until 11/6 – Huaming/Jing (Vivo/Qualcomm)
