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This document summarizes documents submitted to RAN1#94 on AI 7.2.2.3.1.
It is observed that many aspects or proposals were submitted to this agenda item as well as to other agenda items, at least for the following items:
· Subcarrier Spacing (7.2.2.2 Frame structure for NR-U operation) 
· SS/PBCH (7.2.2.4.2 Initial access and mobility)

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

NR-U DRS
Terminology
FL Proposal 1: Use “NR-U DRS” as term for “Signal containing at least SS/PBCH block burst set transmission”
NR-U DRS Content
Description: What kind of signals/channels are reasonable to include with SS/PBCH in the NR-U DRS?
· RMSI: Supported by Huawei, HiSilicon, MediaTek, Intel, Samsung, Ericsson, ZTE
· CSI-RS: Supported by Huawei, HiSilicon, Sony, Intel, Ericsson

Offline consensus: Inclusion of RMSI-CORESET+PDSCH (carrying RMSI) associated with SSB block burst and CSI-RS in the NR-U DRS can be beneficial
· 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 deployment
· Support of SON functionality in any NR-U deployment
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.







FL Proposal 3: Further discuss if inclusion of WUS (if adopted), Paging can be part of NR-U DRS.



NR-U DRS Multiplexing
Description: Release 15 supports three patterns for multiplexing SSB and CORESET/RMSI. Is there any need for extensions or restrictions?
Company views:
	vivo
	FDM pattern should be introduced for SSB/RMSI multiplexing for sub 7GHz in unlicensed spectrum.

	Samsung
	NR-U should support DSCH containing at least the SS/PBCH burst set, CORESETs for monitoring the PDCCHs of RMSI, and PDSCHs of RMSI, wherein the three components can be multiplexed using Pattern 1 with group offset 0 in a DSCH block as a baseline.
•	Necessity of supporting other multiplexing method can be further studied.

	Huawei, HiSilicon
	When the Access Signal consists of the RMSI/CSI-RS, frequency multiplexing the RMSI /CSI-RS with SS/PBCH block(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, when the Access Signal only consists of SS/PBCH block(s), duplicated SS/PBCH block(s) transmission in frequency domain could be considered to fulfill the OCB requirement.

	ZTE
	From the perspective of reducing the number of LBT and some NR-U deployment scenarios (e.g., SA) requirement, NR-U should support the SS/PBCH block transmission along with CORESET/RMSI in the time domain.
The gaps between SS/PBCH blocks are needed in order to perform LBT operation for beam switching, when different beams are used for multiple SS/PBCH blocks.

	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
	Study following candidates for designing SS/PBCH block with 15 or 30 kHz sub-carrier spacing for NR-U operation.
-	 On frequency domain
	 Multiplexing of SS/PBCH block and RMSI
	 Multiplexing of SS/PBCH block and OSI/paging (w/ or w/o DCI)
	 Multi-cluster transmission of SS/PBCH block
-	 On time domain
	 RMSI CORESET and/or PDSCH carrying RMSI transmission is transmitted between SS/PBCH blocks
	 Extension of the number of symbols per SS/PBCH block
	 Rearrangement of symbol location of SS/PBCH blocks

	Spreadtrum Communications
	Study multiplexing between SSB and RMSI PDCCH starting from the existing tables of RMSI PDCCH in NR-U operation.
Study the association between SSB and RMSI PDCCH, and study the RMSI PDCCH monitoring window further at least for “SSB/CORESET multiplexing pattern 1”.

	Nokia, Nokia Shanghai Bell
	Use NR Rel-15 SS/PBCH block time and frequency domain structure for NR unlicensed operation.
Support repetition of a single-beam SS/PBCH block transmission within a DRS signal.
Time domain positions of SSBs within a DRS signal are consecutive and are same in both cases: RMSI is transmitted and RMSI is not transmitted in NR-U cell. When RMSI is transmitted, it is transmitted separately and TDMed with DRS transmission.
Define a fixed association between the SSB burst set within a DRS signal and 2 consecutive slots the UE monitors for RMSI with a periodicity of 20 ms.
DRS block comprises SS/PBCH block and CSI-RS multiplexed in FDM manner.

	Ericsson
	Support FDM of SS/PBCH blocks and SIB1 for NR-U also in FR1.

	Qualcomm
	Allow FDM between RMSI CORSET/PDSCH and SSB.
Reuse NR SSB pattern for 30Khz SCS SSB for NSA and SA operation.

	OPPO
	One option is to transmit multiple SSBs in FDM manner on the same slot within the initial active DL BWP to meet the OCB requirement and to increase the SSB transmit power.
Another option is to use a larger SCS for the SSB transmission.
The third option is to introduce FDM multiplexing pattern for SSB and the corresponding RMSI PDCCH/PDSCH for 5GHz band.

	NTT DOCOMO
	Support FDM between RMSI CORSET/PDSCH and SSB

	Intel
	Support FDM of SSB+ RMSI CORESET (study fragmented RMSI CORESET around SSB), study FDM of SSB+RMSI






FL Proposal 4: Clarify if Pattern 1 (PDCCH) and Type A (PDSCH) provides sufficient multiplexing flexibility for NR-U in FR1.

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.
Option 1: 60 kHz SCS for SS/PBCH block is considered
Option 2: 60 kHz SCS for SS/PBCH block is not considered
Company views:
	Huawei, HiSilicon
	Option 1

	Sony
	Option 1

	Samsung
	Option 2

	Spreadtrum Communications
	Option 1

	Nokia, Nokia Shanghai Bell
	Option 1

	Qualcomm
	Option 1

	OPPO
	Option 1

	NTT DOCOMO
	Option 1

	ZTE
	Option 2

	Ericsson
	Option 2

	LG
	Option 1 if the benefit is identified

	AT&T
	Option 1

	MediaTek
	Option 1

	WILUS
	Option 1

	CATT
	Option 1

	Intel
	Option 2 is preferred



It should be noted that this topic has also been addressed by many contributions submitted to AI 7.2.2.2.
FL Proposal 5: Study benefits/challenges 60 kHz subcarrier spacing design for SS/PBCH block. Consider ECP/NCP and whether UE is restricted to single SCS hypothesis for 60 kHz.
NR-U DRS Transmission in Time Domain
Description: Due to LBT, the transmission of NR-U DRS may fail, affecting the detection performance at the UE. Other time domain aspects include the length and periodicity of NR-U DRS.
Company views:
	Huawei, HiSilicon
	The time shifting of the Access Signal in unlicensed band should be considered when LBT failure occurs.

	Intel Corporation
	Consider minimum NR-DRS time duration to be a fraction of a slot.
Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.

	Spreadtrum Communications
	Study mechanism that an SS-burst-set shares a LBT in NR-U operation.
Study the maximum duration of SS-burst-set starting from about 1ms in NR-U operation.
Study window length of SSBs starting from 5ms in NR-U operation.
Study minimizing gaps between SSBs starting from at least one gap within 0.5ms in NR-U operation.

	ITRI
	To overcome the uncertainty of SSB transmission issue, new SSB patterns design, such as introducing more SSB transmission opportunities compared to NR SSB pattern, for NR unlicensed band may be considered.
It is proposed to study on how to alleviate the complexity of SSB reception by the UE in NR unlicensed consider introducing more SSB transmission opportunities.

	Ericsson
	Support DRS periodicities of [40 ms, 80 ms and 160 ms].

	vivo
	Enhanced SSB/SSB burst transmission mechanism should be studied, the following alternatives could be considered,
-	Option 1: multiple candidate SSB positions in SSB burst set
-	Option 2: extended SSB burst set
-	Option 3: shifted SSB burst set
FDM pattern should be introduced for SSB/RMSI multiplexing for sub 7GHz in unlicensed spectrum.

	OPPO
	Multiple SSB transmission opportunities could be configured within one SSB periodicity by
-	Option 1: cyclically wrapped SSB
-	Option 2: shifted to the next transmission instance



FL Proposal 6: Adopt DRS periodicities of [40 ms, 80 ms and 160 ms].
FL Proposal 7: Enhancements to SSB transmission in NR-U system should be studied to meet the OCB requirement and to increase the SSB transmit power.
FL Proposal 8: Consider introducing more SSB transmission opportunities.
Other NR-U DRS aspects
Additional NR-U DRS signal and transmission aspects highlighted by companies are summarised in the following table:
	MediaTek Inc.
	RAN1 discusses the numbers of SS/PBCH blocks to be supported in NR-U. 
•	FFS: whether the numbers are fixed or configurable
•	FFS: whether multiple SSBs in an SSB burst set can be transmitted by the same beam so that intra-SSB-burst-set combination is supported

	Nokia, Nokia Shanghai Bell
	Support only single-beam operation for NR-U DRS transmissions below 7 GHz.
DRS transmission (with one or multiple SS/PBCH blocks) and the separate RMSI transmission at below 7 GHz uses an LBT without random back-off.

	Ericsson
	DRS should be allowed the same channel access rules as in LTE-LAA
-	A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS without user specific PDSCH that has a duration shorter than 1ms.
Support DRS periodicities of [40 ms, 80 ms and 160 ms].
Support multiplexing of NR-DRS and paging.

	Huawei, HiSilicon
	The design of the Access Signal should allow both CAT 2 and CAT 4 LBT to be used, where the actual adopted LBT category depends on the configured Access Signal composition, periodicity, and multiplexing pattern.

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

	LG Electronics
	Consider to reduce the allowed maximum number (e.g., 2 for 15 kHz SCS and 4 for 30 kHz SCS) of SS/PBCH blocks in order to facilitate fast channel access procedure (e.g., one-shot LBT) for a SS/PBCH block burst set transmission.

	Apple Inc.
	NRU to support frequency domain multiplexing of multiple SSBs with different beam directions.

	Samsung
	Enhancement to the synchronization signal and PBCH block structure is observed beneficial for improving the one-shot detection performance and compensating reduced channel access opportunities subject to LBT, and should be studied for NR-U.

	Qualcomm
	Consider cyclic extended SSB transmission in NR-U

	OPPO
	Enhancements to SSB transmission in NR-U system should be studied to meet the OCB requirement and to increase the SSB transmit power.
The actual transmitted information within a SSB occasion should depend on the deployment scenarios.

	ITRI
	It is proposed to study on how to alleviate the complexity of SSB reception by the UE in NR unlicensed consider introducing more SSB transmission opportunities.



FL Proposal 9: Further discuss above proposals.
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 is configured within 20MHz sub-band in NR-U.

	MediaTek Inc.
	NR-U should support efficient frequent CORESET monitoring for downlink transmission detection.
NR-U should consider the design with multiple LBT units for the channel with wider bandwidth.
The frequency-domain location of the CORESET should be adjusted according to the results of LBT.
•	FFS on how to reach a common understanding on the location between the gNB and UE.

	Intel Corporation
	One potential remedy to the CORESET blocking issue could be configuring multiple CORESETs in frequency domain, which is already supported in Release 15 NR.

	Nokia, Nokia Shanghai Bell
	When active BWP contains multiple 20MHz channels, PDCCH CORESET mapping should allow for efficient operation also in cases when the gNB is able to gain access to only a subset of all channels within the monitored BWP.



FL Proposal 10: Discussion on CORESET configuration
· Clarify if Rel-15 specifications require modifications w.r.t. CORESET configuration and DL control structures, esp. if having multiple LBT sub-bands in a WB operation.
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.
	NR-U should evaluate the benefit of employing a preamble preceding a downlink TXOP for downlink transmission detection.

	ZTE
	Initial signal in LAA can be used as a baseline and reference for NR-U UE power saving, spatial reuse and transmission burst acquisition.

	Sony
	Preamble signal would be beneficial for detection of DL transmission burst and reduction of UE power consumption caused by frequent PDCCH monitoring
NR PSS/SSS should be the starting point in the design of the preamble signal.
Preamble signal design should incorporate the cell ID and a parameter associated with the particular beam/TRP.

	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

	OPPO
	Introduce pre-signal for NR-U to facilitate DL detection with low complexity.

	Qualcomm
	Reuse NR PDCCH waveform for CUI transmission from both gNB and UE.

	Nokia, Nokia Shanghai Bell
	Consider utilization of WB PDCCH DMRS to detect DL transmission in NR-U.





FL Proposal 11: 
Refine the RAN1#93 agreement as follows:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated. Study which signal(s) as part of a DL TXOP serves/improves one or more of the following
· Serving cell transmission burst acquisition
· E.g. for AGC/AFC
· Serving cell DL transmission identification
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network
· FFS: further usage scenarios
Note: To be discussed if such a signal is present in all DL TXOPs or only in parts
· Candidates
· Existing NR signal(s) with potential enhancements, e.g.
· PSS/SSS
· Based on WiFi 802.11a preamble
· Other signal(s)

Wake-Up 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
In NR study item phase, the introduction of wake-up signal was considered. The main benefit of introducing such mechanism is for UE side power saving, though eventually WUS was not further considered in NR licensed design.
Company views:
	MediaTek Inc.
	NR-U supports wake up signal (WUS) as part of DRS.

	Apple Inc.
	NR-U to support wake-up signal including detection pre-amble, COT, cell ID and UE group ID.

	Qualcomm
	Further study the design and usage of wake-up signal in NR.
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.



FL Proposal 12: Continue discussion whether WUS is useful in NR-U, taking the discussion of Tx preamble into account. Further consider the following WUS aspects:
· WUS signal design
· WUS content
CSI-RS (except NR-U DRS multiplexing)
InterDigital is suggesting some enhancements for CSI-RS transmissions:
	InterDigital
	For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS resource transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
For periodic and semi-persistent CSI-RS, NR-U should consider configuring a CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT.



FL Proposal 13: Continue discussion on the following CSI-RS aspects:
· Multiple transmission opportunities for aperiodic CSI-RS if LBT is necessary
· CSI-RS window for periodic and semi-persistent CSI-RS
SFI Enhancements
Samsung notes that in LAA, we have the “PDCCH with CRC scrambled by CC-RNTI” being used to convey subframe information, and AUL sharing field”.  Both of these could be part of the SFI in NR-U.
	Samsung
	NR shall clarify necessary information to be informed for NR-U operation



FL Proposal 14: Continue discussion on necessary information such as LTE-LAA subframe configuration and AUL sharing, and how to convey it.
DCI
Nokia, Nokia Shanghai Bell address the design of a multi-slot UL grant design, mentioning the following challenges to address:
	Nokia, Nokia Shanghai Bell
	The multi-slot UL grant design of LTE can be a baseline, but there are few NR-specific challenges to address.
(i) multi-TTI transmission may consist of TTIs of different length (different SLIV) unlike in NR-licensed where same SLIV allocation applies to all scheduled slots
(ii) (ii) when NR BWP contains multiple channels, the number of HARQ processes (one per each channel and per TTI) to be scheduled may be large, resulting in data fragmentation.



FL Proposal 15: Continue discussion on NR-specific challenges on multi-slot UL grant design.
DL Waveform
Description: For NR-U DL transmission, there is the following proposal from Qualcomm:
	Qualcomm
	Consider interlace waveform for NR-U DL in SUB-7GHZ BAND for better coverage and interference coordination.



FL Proposal 16: Discuss whether the interlace waveform for NR-U DL in SUB-7GHZ BAND should be considered.
CA, BWP
Improvements and enhancements for CA and BWP should be studied according to OPPO and AT&T:
	OPPO
	Support multiple active DL BWPs with guardbands reserved for each BWP in 5GHz unlicensed band.

	AT&T
	NR-U should study faster channel access mechanisms such as L1 based CA activation
NR-U should study BWP enhancements that will allow for faster and more efficient channel access
NR-U should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM

	
	


FL Proposal 17: Further discuss potential enhancements for BWP and CA.

Starting/Ending Positions of a DL transmission burst
In LTE-LAA, the starting symbol symbol #0 and #7 is supported for the initial subframe, while the ending subframe supports symbols #3,#6,#9,#10,#12,#13. For NR-U, it is necessary to identify possible starting and ending symbols of a transmission burst as well.
Company views:
	TCL Communication
	To maximize NR-U efficiency, the gNB shall start transmission at first OFDM symbol boundary following LBT success.
It is proposed to investigate the benefits of partial slot transmission at the beginning and end of the COT.

	LG Electronics
	Support multiple starting/ending positions for DL transmission burst with consideration of reducing gNB/UE implementation complexity.



FL Proposal 18: Continue discussion on supported starting/ending positions for a DL transmission burst.
PDCCH Transmission
For PDCCH, several enhancements are being discussed to improve the efficiency, complexity and UE monitoring effort.
Company views:
	ZTE
	The design of PDCCH structure and PDSCH mapping type in Rel-15 should be reused in NR-U. No further enhancements on PDCCH/PDSCH is needed except for PDCCH monitoring power saving.

	CATT
	Further study is needed on the transmission and reception of PDCCH for NR-U operation.

	Nokia, Nokia Shanghai Bell
	Consider PDCCH monitoring, where non-slot-based monitoring is used at the beginning of the COT and slot-based monitoring is used after first mini-slot(s) of the COT.
Possibilities for (mini-)slot structure independent from time are investigated for PDCCH/PDSCH
In NR-U, determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol.
Consider utilization of WB PDCCH DMRS to detect DL transmission in NR-U.

	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
	Support dynamic indication of PDCCH monitoring information to the UE in addition to the existing RRC configuration.
[bookmark: _Toc521660966]Study how to dynamically signal to non-scheduled UEs to skip monitoring PDCCH.



FL Proposal 18: Continue the discussion.
PDSCH Transmission
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.

	ZTE
	The design of PDCCH structure and PDSCH mapping type in Rel-15 should be reused in NR-U. No further enhancements on PDCCH/PDSCH is needed except for PDCCH monitoring power saving

	AT&T
	NR-U should specify PDSCH mapping type B for transmission durations of 1-13 OFDM symbols as well as the corresponding DMRS patterns and procedures



FL Proposal 19: Continue discussion whether any enhancement to PDSCH mapping type B are necessary, taking the discussion on COT starting and ending positions into account.
Other PDSCH aspects
	OPPO
	Support dynamic subband transmission for DL BWP operation.

	Nokia, Nokia Shanghai Bell
	Possibilities for (mini-)slot structure independent from time are investigated for PDCCH/PDSCH

	AT&T
	NR-U should be able to make efficient use of advanced multi-antenna techniques that are a part of NR such as MU-MIMO, multi-point transmission, etc.

	InterDigital
	For COT with multiple switching points, NR-U should allow multiple transmission opportunities for PDSCH in cases where the LBT requirements mandate performing an LBT before transmission.



FL Proposal 20: Continue discussion on above proposals.
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