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This document summarizes documents submitted to RAN1#95 on AI 7.2.2.3.1.
The following is an excerpt from the study item description (RP-181339), highlighting added by the feature leader:
	This study item will include the following objectives

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 



The following lists some agreements from former RAN1 meetings relevant for this agenda item:
[bookmark: _Toc511072847]RAN1#92bis – 7.6.2	Frame structure for NR-U operation
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

[bookmark: _Toc511072848]RAN1#92bis – 7.6.3  Potential physical layer channel design
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

RAN1#93 - 7.6.3.1	DL Signals and Channels
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access

RAN1#94 - 7.2.2.3.1	DL Signals and Channels
Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

“NR-U DRS”, SS, PBCH
SS/PBCH Block Subcarrier Spacing 
Description: In NR FR1, 15 kHz and 30 kHz are the two candidate SCS values for SS/PBCH block. One of the discussion points is whether or not to support 60 kHz subcarrier spacing for SS/PBCH block for NR-U sub7 GHz.
Company views:
	Huawei, HiSilicon
	SS/PBCH block with 60 kHz SCS should be supported in NR-U.

	LG Electronics
	Prioritize 15 kHz and 30 kHz sub-carrier spacings for DL signals/channels over 60 kHz sub-carrier spacing and discuss the necessity of 60 kHz sub-carrier spacing for SS/PBCH block if 60 kHz sub-carrier spacing for data is identified as beneficial.

	Samsung
	For 5 GHz unlicensed spectrum, 30 kHz shall be supported as the SCS of NR-U DRS for standalone operation, and 60 kHz can be considered as one of the candidate SCSs of NR-U DRS for non-standalone operation.
  • Same proposal can be supported for 6 GHz unlicensed spectrum, if the minimum channel bandwidth is also 20 MHz.
  • Further study the mapping of SS/PBCH blocks if 60 kHz is supported as one candidate SCS of NR-U DRS for non-standalone operation.

	Nokia, Nokia Shanghai Bell
	Consider introduction of 60 kHz SCS for SS/PBCH block design in NR-U.

	Qualcomm
	SSB transmission with 60Khz SCS can be considered for NR-U for non-cell defining SSB.

	NTT DOCOMO
	60 kHz SCS for SS/PBCH block transmission is supported in NR-U sub-7 GHz frequency range.

	AT&T
	Specify PSS/SSS/PBCH for 60 kHz subcarrier spacing

	MediaTek
	NR-U supports SSB/RMSI multiplexing Pattern 1 with SCS=60kHz for NR-U DRS transmission.

	Sony
	60 kHz SCS should be supported for SS/PBCH block/RMSI/OSI.

	Intel
	Prioritize 15 kHz & 30 kHz SCS for NR-U standardization

	Spreadtrum Communication
	Since it has been identified that common SCS for initial active BWP is beneficial, and 60kHz is beneficial to increase the channel access opportunities and reduce latency it is better to adopt 60 KHz SCS for SSB.

	vivo
	Prioritize 15 and 30 KHz SCS for NR-U. Furthermore, there is an agreement in 94bis as below
Agreement:
For unlicensed PCell, the UE assumes single SSB numerology per band.
And, in Rel-15 different numerology in PCell and SCell is an optional feature. So it is beneficial assuming the same numerology between PCell and SCell.



[bookmark: _Hlk529736568]FL Summary:
8 companies (Huawei, HiSilicon, NTT DOCOMO, AT&T, Sony, MediaTek, WILUS, Spreadtrum) think that 60 kHz SCS for SS/PBCH block should be supported.
3 companies (Nokia, Nokia Shanghai Bell, Qualcomm) think that SS/PBCH block transmission with 60Khz SCS can be considered.
5 companies (Samsung, LG Electronics, Intel, Ericsson, vivo) expressed a different view.
FL Proposal:
Support of 60 kHz SCS for SS/PBCH block is recommended for NR-U in FR1.
FL Text Proposal:
-------------------------------------------8< Start of Text Proposal >8-------------------------------------------
The support of PSS/SSS/PBSCH transmission with a 60 kHz subcarrier spacing in addition to the 15 kHz and 30 kHz already supported by NR in the licensed bands has been studied. According to some of the studies, benefits include an easier compliance with the OCB requirement, shorter symbol alignment delay, aligned numerology with data transmissions with 60 kHz subcarrier spacing, and acceptable specification effort. According to other studies, the system performance gain obtained by supporting 60 kHz subcarrier spacing for data is marginal, compared to the performance in case of 30 kHz subcarrier spacing, and the cell search performance gain when using 60 kHz SCS is marginal, since 30 kHz is already sufficient for resisting the initial carrier frequency offset.
-------------------------------------------8< End of Text Proposal >8-------------------------------------------
Multiplexing
Description: Release 15 supports three patterns for multiplexing SSB and CORESET/RMSI. Is there any need for extensions or restrictions?
Company views:
	Samsung
	Multiplexing Pattern 1 is sufficient for NR-U DRS, and Pattern 2 and Pattern 3 should not be supported.

	Huawei, HiSilicon
	RMSI CORESET should be multiplexed with SS/PBCH block in TDM manner in sub 7GHz unlicensed bands. RMSI PDSCH could be multiplexed with SS/PBCH block in TDM for 60 kHz or 30 kHz SS/PBCH block. RMSI PDSCH could be multiplexed with SS/PBCH block in FDM manner for 30 kHz or 15 kHz.

	ZTE
	To meet OCB regulation requirements, the following method can be considered:
  • Alt-1: Repeat the SS/PBCH transmission in frequency domain.
  • Alt-2: Reuse SS/PBCH block and RMSI CORESET/PDSCH Multiplexing pattern 2/3.
  • Alt-3: SS/PBCH block and CSI-RS Multiplexing in frequency domain.

	CATT
	NR-U operation should consider the support of the SS/PBCH block and RMSI CORESET multiplexing pattern 2 and 3 for sub-6GHz.

	LG Electronics
	Design SS/PBCH block and associated RMSI multiplexing for NR-U operation, with following principles.
  • TDM between a SS/PBCH block and RMSI CORESET associated with the SS/PBCH block
  • Basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block as one slot or half-slot
  • Provisioning multiple candidate positions for an RMSI CORESET

	Spreadtrum Communications
	RMSI PDCCH/PDSCH can be defined as follows in NR-U SA.
  • For SSB/CORESET multiplexing pattern 1, 
    • For group offset 0, RMSI PDCCH can be configured by reusing or modifying the existing tables of RMSI PDCCH defined in Clause 13 in 38.213.
    • For group offset 0, RMSI PDCCH for 15kHz and 30kHz can be half-slot based.
    • Group offset non-zero may not be supported to reduce standardization efforts.
  • SSB/CORESET multiplexing pattern 2 and 3 may not be supported to reduce standardization efforts.

	Nokia, Nokia Shanghai Bell
	Only multiplexing pattern 1 SS/PBCH and RMSI is applied for NR-U at below 7 GHz.

	Ericsson
	For NR-U, the SS/PBCH - CORESET multiplexing Pattern 1 is feasible for designing a compact DRS pattern in time in which RMSI CORESET, PDSCH carrying RMSI, and an SS/PBCH block burst set are multiplexed by means of a combination of FDM and TDM.

	MediaTek
	NR-U supports SSB/RMSI multiplexing Pattern 1 with SCS=60kHz for NR-U DRS transmission.

	Sharp
	For NR-U, FDM between RMSI CORSET/PDSCH and SSB (e.g. Pattern 2 or 3) should be supported for both FR1 and FR2.

	Intel
	Consider adjustments to RMSI CORESET multiplexing pattern-1 for NR-U DRS design while preserving the general principle of TDM multiplexing

	NTT DOCOMO
	Multiplexing Pattern 1 is sufficient for NR-U DRS



FL Summary:
8 companies (Samsung, Spreadtrum, Nokia, Nokia Shanghai Bell, Ericsson, MediaTek, Intel, NTT DOCOMO) think that support of Pattern 1 (as in NR FR1) or Pattern 1 with adjustments keeping the TDM structure is sufficient.
3 companies (CATT, ZTE, Sharp) think that support of Pattern 2/3 should be added for NR-U in FR1.
FL Proposed Agreement:
Support of Pattern 1 or Pattern 1 with adjustments keeping the TDM structure is recommended for NR-U in FR1.
Offline Agreement:
Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
FL Text Proposal:
-------------------------------------------8< Start of Text Proposal >8-------------------------------------------
Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
-------------------------------------------8< End of Text Proposal >8-------------------------------------------
Other aspects
Additional signal and transmission aspects highlighted by companies are summarised in the following table:
	Nokia, Nokia Shanghai Bell
	Capture in the TR: no benefits of multi-beam operation over single-beam operation has been identified for NR-U DRS transmissions below 7 GHz. Contrary, multi-beam operation increases the system overhead.

	ZTE
	SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/ short sensing interval.



FL Suggestion:
Postpone discussion of LBT categories for SS/PBCH Block to a WI phase.
Discuss whether Nokia’s TP can be agreed.

NR-U CORESET Configuration
Description: LBT can be performed in each sub-band with channel bandwidth of 20MHz. The CORESET configuration in frequency domain may take this into account to avoid issues of LBT interfering with one CORESET.
Company views: 
	Huawei, HiSilicon
	CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.

	Intel Corporation
	Consider increasing the number of monitored CORESETs per BWP in order to mitigate LBT failure in wideband operation while considering UE complexity implications

	Vivo
	Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier, i.e. 
  • Increase the number of CORESETS that can be configured for a UE in each BWP;
  • Wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET; 
  • Flexible CORESET/search space configuration adapted flexibly in time-frequency domain.

	Qualcomm
	Wideband CORESET is configured with subband-contained decoding candidates.

	LG Electronics
	In case when gNB transmits DL signals/channels on parts of the activated BWP where CCA is successful at gNB, the following enhancements for PDCCH can be considered.
  • CORESET is configured to be mapped within a LBT sub-band.
  • If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands, a PDCCH candidate can be mapped to be confined within a LBT sub-band.
  • The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).

	Nokia, Nokia Shanghai Bell
	To capture in TR: If BWP operation according to Option 3 is supported, existing DL control structures (CORESETs and search-spaces) can be reused with the following modifications
•	CORESET configuration bitmap has to take into account the potential guard-bands and existing sub-band boundaries.
•	Search-space hashing operates on CCEs of a CORESET within each sub-band.
There is no need to restrict CORESET within 20MHz.



FL Summary:
3 companies (Huawei, HiSilicon, LG Electronics) think that a CORESET should be confined within a single CCA sub-band.
3 companies (vivo, Nokia, Nokia Shanghai Bell) do not identify a need to confine a CORESET to a single CCA sub-band.
3 companies (CATT, ZTE, Sharp) think that support of Pattern 2/3 should be added for NR-U in FR1.

FL Suggestion:
Postpone CORESET configuration aspects to a WI phase.
Tx Preamble, Initial Signal
Description: In RAN1#93 the following was agreed in the NR-U frame structure discussion:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

Company views:
	MediaTek Inc.
	Using preamble for transmission burst detection should be supported.
The preamble transmitted at the beginning of a COT can be used for COT structure indication.

	ZTE
	a signal (e.g., wake-up-like signal) transmitted before the first data/control OFDM symbol of the DL transmission burst can be constructed of PSS/SSS or PRACH preamble.

	Sony
	A signal prior to DL transmission bursts (a.k.a. preamble signal) would be beneficial for UE power saving, improved coexistence, serving cell transmission burst acquisition, and indication of type of DL burst.
Preamble signal prior to NR-U DL transmission burst should be adopted in NR-U.
The basic sequence of the NR preamble signal should reuse that of PSS/SSS.
From the perspective of channel access, it could be specified that gNB may transmit 802.11x preamble. From the perspective of signal design, 802.11x preamble is not needed to be specified as NR preamble signal.

	LG Electronics
	For a signal that facilitates its detection with low complexity, consider following signals in NR as candidates for the signal with potential modification from NR.
  • PSS/SSS
  • PBCH DM-RS
  • CSI-RS (for tracking)
  • PDCCH (wideband) DM-RS
  • PDCCH

	OPPO
	A pre-signal for NR-U to facilitate DL detection with low complexity shall be considered.

	Qualcomm
	Further study the design and usage of wake-up signal in NR-U
For the waveform for WUS, consider PSS/SSS like waveform and wideband repeated short sequence type waveform.
A technology neutral WUS can be considered for improved coexistence between different RAT.


	Nokia, Nokia Shanghai Bell
	Adopt WB PDCCH DMRS as the signal used for detection of DL transmissions in the NR-U serving cell.
  • Enhancements to NR R15 WB PDCCH DMRS can be considered
In R16 NR-U, preamble composed of NR signals can be considered for the FBE operation.  
Changing of subcarrier spacing following BWP switching takes hundreds of microseconds.
Usage of Wi-Fi preambles results in:
-	Higher implementation complexity (e.g., multiple FFTs and potentially also other components, and interfaces between those, switching gaps in the order of hundreds of milliseconds or more)
-	Higher specification impact
-	Need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
NR-U UEs and gNBs are not expected to transmit or receive Wi-Fi preambles prior to NR-U transmissions.

	Huawei, HiSilicon
	DL/UL burst identification signal should be supported in NR-U.

	Vivo
	It is beneficial to introduce sequence based initial signal in unlicensed spectrum, which can be used to indicate the acquisition of the channel by gNB, and
  • The already defined physical signal is preferred to be reused as the initial signal, e.g., CSI-RS/DMRS.
  • The information of COT can be delivered through the initial signal.

	AT&T
	A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection
  • Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
  • A dedicated preamble could also be used to serve other purposes such as CSI acquisition, AGC settling, and fine time/frequency tuning

	Intel
	802.11a based preamble should be considered as a potential solution to the technology neutral preamble.

	Samsung
	Utilizing existing RS (e.g. wideband DMRS) for power-efficient burst detection in NR-U.
Wi-Fi preamble shall not be considered as a candidate signal for burst detection in NR-U.

	Apple
	NR-U to support initial signal including detection pre-amble, COT, cell ID.
For spectrum with existing Wi-Fi deployment, NR-U to include legacy Wi-Fi preamble in the initial signal.
For NR-U gNBs that choose to implement legacy Wi-Fi preamble detection in CCA, specifications should allow those gNBs to adopt the PD threshold of -82dBm and ED threshold of -62dBm


	Sharp
	It is beneficial for UE power saving to introduce a signal facilitating its detection with low complexity.
    • PDCCH wideband DM-RS would be a reasonable candidate
  • Study further on whether UE needs to be able to be aware of actual downlink transmission burst structures, i.e. the exact timings of the DL transmission start and end.
NR-U does not need to exclude transmissions of WiFi 802.11a preamble in addition to physical channels/signals defined for the NR-U.
    • Without introducing WiFi 802.11a preamble in NR-U, gNBs may transmit WiFi 802.11a preamble, if necessary, immediately after obtaining a channel access.

	Ericsson
	UE power saving solutions such as wake-up signals are being studied in another study item and  need not be studied in NR-U to avoid duplicate work in 3GPP.
Any UE power saving solution should rely only on NR-based signaling.
NR-U networks in the unlicensed band can coexist well with Wi-Fi networks in both indoor and outdoor scenarios without the introduction of an 802.11a preamble.
Scenario dependent ED parameter adjustments for NR-U is a better way to further optimize performance, if needed, than the introduction of an 802.11a preamble.
Adopting the 802.11a preamble does not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signaling. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
Lower spatial reuse among NR-U nodes is expected in all scenarios if 802.11a preamble is used.
Use of the 802.11a preamble DL burst identification has significant disadvantages including a fundamental incompatibility with C-DRX operation.
Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted.
The use of a preamble can cause significant overhead and specification impact for the operation of key features of NR-U such as time and frequency multiplexing of uplink transmissions with a fine granularity and robust coverage.
NR-U should not consider adoption of preambles of other technologies.

	Charter Communications
	To reduce PDCCH blind decoding attempts, 802.11a preamble can be used to at least indicate the start of a COT and its duration. In addition, either the preamble spare and fixed bits may be modified to indicate additional RAT/PCI information, or the 802.11a preamble can be accompanied by PSS/SSS to form the initial signal.
802.11a preamble-based initial signal can reduce UE power saving due to frequent CCA monitoring by indicating on-going COT.
In TR 38.889, capture the 802.11a preamble-based initial signal as a mechanism that satisfies the 3GPP fair coexistence criterion for NR-U and WiFi coexistence.

	NTT DOCOMO
	It is beneficial to transmit a specific preamble signal or a specific PDCCH for COT starting point indication at the beginning of a COT so that COT starting point can be detected with low complexity. 
- Existing NR signals, e.g. PSS/SSS, PBCH DMRS, CSI-RS or PDCCH DMRS can be considered as candidates for the structure of the preamble. 
- NOTE: Wi-Fi preamble cannot be used for NR-U COT starting indication but it may or may not be useful for efficient co-existence with Wi-Fi.

	CableLabs
	802.11a preamble is beneficial for Wi-Fi node. To transmit 802.11a preamble before group-common PDCCH is up to gNB implementation.
Analyze the potential benefits and downgrades of employing the 802.11 preamble (either 802.11a or 802.11ax) on NR-U nodes, in order to optimize the coexistence with the Wi-Fi nodes in terms of spectral efficiency and traffic latency.
The NR-U should study the benefits and downgrades of employing an 802.11ax preamble.

	Panasonic
	Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate UE power saving.
DM-RS sequence correlation detection can be considered as prerequisite for UE to decode PDCCH for power saving.
Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate detection of transmission burst.
DM-RS sequence can be considered as “signal/channel” to facilitate detection of transmission burst.  
group-common PDCCH (and its DM-RS) can be considered as “signal/channel” to facilitate coexistence and spatial reuse.  
802.11a preamble is beneficial for Wi-Fi node. To transmit 802.11a preamble before group-common PDCCH is up to gNB implementation.

	InterDigital
	To consider 802.11a preamble as NR-U preamble, the pros and cons in power saving in a joint NR-U/WiFi deployment scenario should be studied.
To consider an NR-based signal as NR-U preamble, the power saving trade-offs for time-domain detection of a downlink signal vs frequency-domain detection of a downlink channel, as well as UE-specific vs broadcast signal should be considered.

	Broadcom, Cisco
	The 802.11a or 802.11ax preamble should be adopted as the common preamble between 802.11 and NR-U for both DL and UL to enable benefits in both the technologies with respect to power, throughput, latency, etc; and to facilitate a reciprocal channel sensing mechanism i.e. PD at -82 dBm or lower and ED at -62 dBm.
This preamble can be augmented with any required NR-U specific information for use in NR-U.
An NR-U node can choose between the above ED+PD scheme and an ED-only scheme (involving an ED threshold of -72 dBm or lower)

	Spreadtrum Communication
	An initial signal is beneficial to the CORESET monitoring within the initial partial slot

	ORANGE
	For spectrum with existing Wi-Fi deployment, NR-U should consider the option of having the legacy Wi-Fi preamble in the initial signal for optimized coexistence.

	Blackberry
	There is benefit for using the legacy Wi-Fi preamble for coexistence between Wi-Fi and NR-U.

	Comcast
	Comcast would like to support this proposal that NR-U consider adding preamble detection in its channel sensing / channel access methodology, and Comcast suggests that the 802.11a and/or 802.11ax preamble be considered as the mechanism.



FL Summary:
UE power consumption:
6 companies (Panasonic, AT&T, Sharp, Qualcomm, Spreadtrum, Sony) think that a signal based on PSS/SSS or DMRS is suitable for improving UE power consumption related to PDCCH decoding.
2 companies (Broadcom, Cisco) think that a mutual preamble detection in both NR-U and Wi-Fi enables power saving for both systems.
1 company (InterDigital) thinks that the pros and cons in power saving of an 802.11 based preamble needs further evaluation.
1 company (Panasonic) thinks that a channel based on PDCCH is suitable for improving UE power consumption.
1 company (Ericsson) thinks that adopting the 802.11a preamble does not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signalling.
Transmission burst detection:
8 companies (Panasonic, Vivo, ZTE, Nokia, Nokia Shanghai Bell, Samsung, NTT DOCOMO, Sony) think that a signal based on e.g. existing NR-U signal(s) is suitable for detection of a transmission burst.
1 company (Panasonic) thinks that a channel based on PDCCH is suitable for detection of a transmission burst.
1 company (Charter Communications) thinks that the 802.11a preamble can be used for detection of a transmission burst.
1 company (Ericsson) thinks that the use of the 802.11a preamble DL burst identification has significant disadvantages including a fundamental incompatibility with C-DRX operation.
Coexistence with Wi-Fi networks:
12 companies (Charter Communications, Qualcomm, Broadcom, Cisco, Intel, Apple, CableLabs, Panasonic, AT&T, Sony, ORANGE, Blackberry, Comcast) think that the 802.11a preamble can be used for coexistence between NR-U and Wi-Fi networks.
1 company (Ericsson) thinks that NR-U networks in the unlicensed band can coexist well with Wi-Fi networks in both indoor and outdoor scenarios without the introduction of an 802.11a preamble.
Spatial Reuse:
1 company (Panasonic) thinks that a channel based on PDCCH is suitable for spatial reuse.
1 company (Ericsson) expects lower spatial reuse among NR-U nodes in all scenarios if 802.11a preamble is used.
Other/General:
5 companies (Huawei, HiSilicon, Sony, Samsung, vivo) think that NR-U should operate only using an initial signal consisting of only NR-U specific signals/channels.
3 companies (Panasonic, Sony, Sharp) think that 802.11a preamble transmission is up to gNB implementation.
2 companies (Nokia, Nokia Shanghai Bell) expressed the view that NR-U UEs and gNBs should not be expected to transmit or receive Wi-Fi preambles prior to NR-U transmissions.
1 company (Ericsson) thinks that power saving solutions for a UE are being studied in another SI, therefore duplicated work in NR-U should be avoided.
1 company (Ericsson) expressed the view that NR-U should not consider adoption of preambles of other technologies.

For refinement in online discussion:
Capture the following in the TR:
Concerns on the UE power consumption have been raised. The following is a list of proposals and observations that have been made by contributions, though consensus was not achieved. The reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
Technical Proposals:
· A signal that facilitates its detection with low complexity, based on existing NR signal(s) such as DM-RS, CSI-RS, or PSS/SSS from the serving gNB; the presence/absence of such a signal can indicate whether the UE should spend additional efforts on PDCCH decoding;
· The signal may indicate COT structure information;
· A channel such as PDCCH transmitted by the serving gNB;
· a COT structure indication in a GC-PDCCH can indicate whether the UE should spend or reduce efforts on PDCCH decoding;
Note: The GC-PDCCH may be different from the Rel-15 GC-PDCCH.
· the number of blind decoding efforts is reduced;
· A signal/channel such as 802.11a/802.11ax preamble received from a non-serving node for improving UE power consumption; the UE may power down reception based on the signal level and the duration field signalled in the preamble;
· The UE may suspend wideband CCA monitoring for the time indicated in the duration field signalled in the preamble;
· Combination of the technical proposals can be considered.
Observations:
· Adopting the 802.11a/802.11ax preamble:
· may not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signalling;
· may not allow the gNB knowledge about the UE power saving behaviour;
· While the UE powers down PDCCH reception, the UE misses a PDCCH transmitted by a serving gNB;
· The complexity for the above proposals has not been evaluated.
· The reception of signals/channels of any of the technical proposals may not be guaranteed on a continuous level;
· Relation of proposals to C-DRX

To be further handled in the evaluation results AI – starting point as follows:
Facilitating fair coexistence with Wi-Fi networks has been studied. The following is a list of observations that have been made by contributions, though consensus was not achieved:
· NR-U networks can coexist well with Wi-Fi networks without the introduction of an 802.11a preamble.
· Both in indoor and outdoor scenarios
· NR-U networks can coexist well with Wi-Fi networks with the introduction of an 802.11a preamble in the following scenarios
· In indoor scenarios

Offline Agreement:
Capture the following in the TR:
The detection of a gNB’s transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The following is a list of proposals that have been made by contributions regarding these topics, though consensus was not achieved. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
· An existing NR signal(s) with potential enhancement(s);
· A channel such as PDCCH with potential enhancement(s);
· The 802.11a/802.11ax preamble with potential enhancement(s).

FL Text Proposal:
-------------------------------------------8< Start of Text Proposal >8-------------------------------------------
The detection of a gNB’s transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
-------------------------------------------8< End of Text Proposal >8-------------------------------------------

FL Proposed Agreement:
Capture the following in the TR:
The following is a list of observations that have been made by contributions, though consensus was not achieved on any of these. These observations may be considered when specifications are being developed.
· Operation using an initial signal consisting of only NR-U specific signals/channels may e beneficial;
· The transmission of a 802.11a preamble transmission may be a gNB implementation choice;
· Power saving solutions for a UE are being studied in another SI, therefore duplicated work in NR-U should be avoided.

FL Proposed Agreement:
Capture the following in the TR:
The potential of spatial reuse at least within the same operator network has been studied. The following is a list of proposals and observations that have been made by contributions, though consensus was not achieved. The amount of spatial reuse of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other, this may need further consideration when specifications are being developed.
· A channel based on PDCCH;
· Lower spatial reuse among NR-U nodes is expected if the 802.11a preamble is used.
PDCCH Transmission, DMRS, Reception
For PDCCH, several enhancements are being discussed to improve the efficiency, complexity and UE monitoring effort.
Company views:
	ZTE
	different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot(s) of the COT. And the PDCCH monitoring occasion granularity of the first slot is smaller than the remaining slot(s) of the COT.

	Nokia, Nokia Shanghai Bell
	It is recommended to support three-phase PDCCH monitoring, where frequent WB-DMRS blind detection would be performed in Pre-COT phase, one or two implicitly determined monitoring occasions would be present in Sub-slot phase and configured monitoring occasions would be assumed in Full-slot phase.

	AT&T
	Support dynamic switching between PDCCH monitoring case 1 and case 2
A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection
  • Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
  • A dedicated preamble could also be used to serve other purposes such as CSI acquisition, AGC settling, and fine time/frequency tuning

	Ericsson
	Introduce at least one additional configuration for NR-U with the second PDCCH monitoring occasion in the Type0-PDCCH common search space placed at the 8th symbol in a slot, rather than the 2nd/3rd symbol.

	Samsung
	NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)

	InterDigital
	NR-U to consider a PDCCH monitoring procedure where monitoring on a mini-slot granularity is used at the beginning of the COT and slot-based monitoring is used at the beginning of the first full slot of the COT.

	LG Electronics
	Reducing the number of PDCCH monitoring occasions within COT compared to that outside of COT has the benefit for UE power saving.
In case when gNB transmits DL signals/channels on parts of the activated BWP where CCA is successful at gNB, the following enhancements for PDCCH can be considered.
  • CORESET is configured to be mapped within a LBT sub-band.
  • If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands, a PDCCH candidate can be mapped to be confined within a LBT sub-band.
  • The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).

	Apple
	NR-U devices should not be configured to monitor PDCCH at symbol or mini-slot level outside of CoT, unless low power wake up mechanism (or initial signal) is adopted.



FL Summary:
16 companies (ZTE, Nokia, Nokia Shanghai Bell, AT&T, Samsung, InterDigital, Qualcomm, Ericsson) support different PDCCH monitoring patterns within/outside a COT.
FL Proposed Agreement:
Support different PDCCH monitoring patterns e.g. within/outside a COT,
Offline Agreement:
The time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
Offline Text Proposal:
-------------------------------------------8< Start of Text Proposal >8-------------------------------------------
Compared to NR Rel-15, it has been identified it is beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
-------------------------------------------8< End of Text Proposal >8-------------------------------------------

PDSCH Transmission, DMRS, Reception
Starting/Ending Positions and Enhancements to PDSCH Mapping Type B
There is some discussion whether Rel-15 PDSCH mapping type B should be enhanced to increase the flexibility in unlicensed spectrum utilization:
	Vivo
	PDSCH mapping type B should support any transmission duration from 1 OFDM symbol to 14 OFDM symbols.



FL Suggestion:
Postpone discussion of starting/ending positions to a WI phase.

Other
	Nokia, Nokia Shanghai Bell
	In NR-U, it is recommended to support Physical channels and signals which are independent of time, i.e. not dependent on absolute frame/slot/symbol index.
Regarding Time and Frequency synchronization, NR-U relies on DRS as well as Reference signals embedded within DL transmission bursts (e.g. DMRS and/or CSI-RS). 
  • Capture the related TP into the TR 38.889.

	Apple
	For new spectrum without incumbent Wi-Fi penetration, a new spectrum sharing and coexistence frame should be studied, and a joint design with Wi-Fi is preferable.

	Ericsson
	UE power saving solutions such as wake-up signals are being studied in another study item and need not be studied in NR-U to avoid duplicate work in 3GPP.
Any UE power saving solution should rely only on NR-based signaling.

	vivo
	Time dependent DMRS initialization for PDCCH/PDSCH should be solved to avoid regeneration of data when LBT fails.



FL Suggestion:
Postpone discussion of time dependency to a WI phase.
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