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1. Introduction

This is the summary document for 7.2.2.2 on the frame structure for NR-U, based on the contributions listed in reference section.
2. Numerology
As for numerology for NR-U operation, following agreement was made in RAN1#92bis meeting.
Agreement:
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed
· Need for use of ECP for 60KHz
Issue 1: Support of 60 kHz SCS for data channel, PDCCH, and PUCCH
In NR, RAN4 is discussing whether 60 kHz SCS for data channel in FR1 is an optional UE feature or not. In NR-U, most companies pointed out SCS higher than 15 kHz would be beneficial in that finer granularity for starting position candidates can lead to increased channel access probability. However, Ericsson [17] showed that most of the performance gain comes from increasing the SCS from 15 kHz to 30 kHz and minimal difference is observed between 30 and 60 kHz. In detail, company views on issue 1 are as follows.
· Supported by: Huawei [1], MediaTek [3], CATT [7], LG [8], Samsung [12], Nokia [13], OPPO [14], Qualcomm [21], AT&T [36]
· Negative: Ericsson [17]
Suggested proposal:
· Support 60 kHz SCS for data channel in NR-U same as in NR.
Issue 2: Support of 60 kHz SCS for SSB/RMSI/OSI

In NR, for SSB/RMSI/OSI in FR1, 15/30 kHz SCS is supported but 60 kHz SCS is not supported. If 60 kHz SCS for SSB/RMSI/OSI is introduced for NR-U, it could help transmit SSB/RMSI/OSI more frequently. Meanwhile, SSB/RMSI design for 60 kHz SCS could have a somehow considerable impact on current NR specification. In detail, company views on issue 2 are as follows.
· Supported by: Huawei [1], MediaTek [3], CATT [7], OPPO [14], Qualcomm [21], AT&T [36]
· Negative: LG [8], Samsung [12], Ericsson [17]
Offline consensus:
· It is identified beneficial that all DL signal/channels can be operated with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed band
· FFS for RRM measurement
· It is identified beneficial that all UL signal/channels can be operated with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed band
· FFS for PRACH
· FFS same numerology for DL and UL considering switching gap
To be discussed under the agenda items 7.2.2.3.1 or 7.2.2.4.2:
· The numerology supported for NR Rel-15 can be the baseline for the numerology for NR-U. 
· Study the feasibility of introducing 60 kHz for SSB, considering, e.g.,
· Identify benefits and potential impacts on standard if SSB with 60 kHz is introduced for NR-U, considering, e.g., 
· PDCCH search space
· Multiplexing of SSB with other DL signal/channels
· MIB contents
· Numerology for RMSI/OSI/paging multiplexed with SSB for 60 kHz
Issue 3: ECP for 60 kHz

Company views on issue 3 are as follows.
· Supported by: Huawei [1], CATT [7]
· Objected by: Samsung [12], Nokia [13], Ericsson [17]
Suggested conclusion:
·  Discuss the necessity of ECP for 60 kHz if 60 kHz SCS is determined to be supported for NR-U.

3. COT structure
3.1. DL to UL and UL to DL switching within a shared gNB COT
As for DL/UL switching within a COT acquired by gNB, following agreement was made in RAN1#93 meeting.

Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Issue 1: Clarification on multiple switching points for the gap exceeding 25us between DL and UL transmissions
Regarding highlighted FFS part for multiple switching points in case the gap between DL and UL transmissions exceeds 25 us, three companies clarified the issue from ETSI regulation point of view. It is noted that [22] is under 7.2.2.4.1 channel access procedure agenda. In detail, company views on issue 1 are as follows.
· Sony [6]: For multiple switching case, ETSI BRAN does not specify such scenario although it considers the gap issue for multiple transmissions from responding device within the COT acquired by the initiating device.
· Intel [12]: In ETSI BRAN, a ‘pause’ has a time duration of at least 100 us and the duration from the start of the first transmission within a COT until the end of the last transmission in that same COT is restricted up to 20 ms. As long as such requirements are satisfied, the use of multiple pauses within a COT does not need to be limited.
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Figure 1: Multiple pauses in a COT, which is restricted by total duration including paused durations, from [12]
· Broadcom [22]: According to ETSI-BRAN EN 301 893,
·  An Initiating device cannot continue a COT if there is any gap >25us in between transmissions within that COT. So, a DL-UL-DL switch is only permitted in ETSI-BRAN if there are no gaps > 25us within transmissions in a COT.
·  A Responding device cannot continue a COT if there is any gap > 16us in between transmissions of that Responding device within the COT.
·  If there is a “pause” or a gap > 25us within a COT, the duration of that gap must be a minimum 100us. In other words, gaps > 25us and < 100us are not permitted.
Suggested conclusion:
·  Discuss further whether ETSI regulation permits multiple switching points for the gap exceeding 25us between DL and UL transmissions or not.

Issue 2: Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission
Another FFS point is how many one-shot LBT attempts are allowed for the case of single switching point and gap greater than 25 us. Company views on issue 2 are as follows.
· Sony [6]: The number of one-shot LBT attempts jointly depends on the exact length of the gap and the transmission type, short control or data.
· Samsung [12]: One-shot LBT attempt at DL to UL switching point can always be allowed, as long as UL transmission can start within the COT and the total number of LBT attempts does not exceed a pre-configured number.
· Broadcom [22]: Allow only one attempt at one-shot LBT ahead of a UL transmission in a paused COT. Or, if the LAA example is to be followed, the number of such attempts must be limited to at most the total consecutive time in ms granted to the UE for such transmission within a single paused COT.

Suggested conclusion:
·  Discuss further the maximum number of one-shot LBT attempts for the case of single DL-to-UL switching point within a gNB’s COT and gap greater than 25 us, where the maximum number may depend on, e.g.,

· Gap length

· Transmission type

· Configured or predefined maximum number

· The number of scheduled slots (in unit of ms) within the COT
· FFS for other conditions

Issue 3: Restrictions/conditions on the number of switching points
Three companies proposed to have a limitation on the number of DL-to-UL and UL-to-DL switching points with respect to some conditions. Company views on issue 3 are as follows.
· ZTE [5], SS [12]: Depending on COT duration
· Sony [6]: Depending on gNB/UE capability, numerology, channel access priority class and corresponding QoS requirements
Suggested conclusion:
·  Discuss further the maximum number of DL-to-UL and UL-to-DL switching points within a gNB’s COT for the case where gap between DL and UL transmissions does not exceed 25 us, where the maximum number may depend on, e.g.,
· COT duration
· gNB/UE capability on processing time

· Numerology

· Channel access priority class, and corresponding QoS requirements

· FFS on other conditions

3.2. A signal that facilitates its detection with low complexity
As for a signal that facilitates its detection with low complexity, following agreement was made in RAN1#93 meeting. Hereinafter, the signal is referred as to “initial signal”.
Agreement:
· 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

For initial signal, above four scenarios/use cases were addressed by several companies as follows. It is noted that [23] and [24] are under 7.2.2.5 others agenda and [25]-[29] are under 7.2.2.3.1 DL signal/channel agenda. It may be necessary to determine in which agenda the issues related to initial signal will be discussed.
· UE power saving (i.e., by triggering a UE to resume PDCCH monitoring)
·  MediaTek [3], InterDigital [16], Xiaomi [18], Qualcomm [21], ZTE [25], AT&T [26], Apple [37], OPPO [38]
·  Objected by: Ericsson [17]
· Improved coexistence (e.g., by using technology neutral initial signal)
·  Intel [24], Qualcomm [30], Apple [37]
· Spatial reuse at least within the same operator network

·  Intel [23]

· Serving cell transmission burst acquisition

·  Huawei [1], Samsung [12], LG [27], Nokia [28], OPPO [38], Apple [37]
·  Objected by: Ericsson [29]
In addition, several companies addressed how to design the initial signal, as follows.
· New signal design detected by using a correlator: MediaTek [3], InterDigital [16], Xiaomi [18], Qualcomm [21], AT&T [26], OPPO [38]
· NR-based signal (or with some modification)

·  PDCCH (wideband) DM-RS: Huawei [1], Samsung [12], AT&T [26], LG [27], Nokia [28]
·  CSI-RS (for tracking): Huawei [1], ZTE [25], LG [27], AT&T [26]
·  PSS/SSS: Huawei [1], ZTE [25], LG [27], Qualcomm [30], AT&T [26]
·  DM-RS: Xiaomi [18]

· Wi-Fi preamble based signal: Intel [24], Apple [37]
Suggested conclusion:
·  Necessity of initial signal for the following use cases may be discussed with prioritization in order to determine how to design initial signal based on use case.
· UE power saving
· Serving cell transmission burst acquisition

3.3. Adaptation on PDCCH monitoring periodicity

For the purpose of UE power saving, several companies proposed to adapt PDCCH monitoring periodicity depending on COT structure.

· Supported by MediaTek [3], Fujitsu [4], Nokia [13], InterDigital [16], Ericsson [17], Qualcomm [21], LG [27], AT&T [35]
For instance, the time granularity (e.g., symbol or symbol-group level) for PDCCH monitoring periodicity outside gNB’s COT can be finer than that (e.g., slot or slot-group level) inside gNB’s COT.
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Figure 2. Example of DL transmission burst and PDCCH monitoring occasions, from [27]
Suggested proposal:
·  Larger PDCCH monitoring periodicity within a gNB’s COT than outside the gNB’s COT can be beneficial in terms of UE power saving.

3.4. DL/UL direction indication
Within a COT acquired by gNB, it seems necessary that UE is aware of DL/UL direction within the COT, e.g., for CSI measurement in DL portion, PDCCH monitoring skipping in UL portion, periodic DL/UL signal transmission, and so on. Several companies pointed out how to configure/indicate DL and UL direction within the COT as follows.
· Support both semi-static and dynamic DL/UL configuration as in NR

·  ZTE [5], Nokia [13]

· DCI format 2_0 as the baseline to indicate dynamic DL/UL configuration
·  Lenovo [9], ASUSTEK [19], Intel [11], Nokia [13], AT&T [34], OPPO [14]
· Implicit DL/UL configuration through DL/UL scheduling DCI
·  CATT [7]

· Indicate dynamic DL/UL configuration at the beginning of a COT

·  MediaTek [3], Xiaomi [18], InterDigital [16]

· Indicate dynamic DL/UL configuration at multiple times in a COT

·  Huawei [1]

Suggested proposal:

· As in NR, both semi-static and dynamic DL/UL configurations are supported and dynamic DL/UL configuration is indicated by DCI format 2_0 as the baseline for slot format indication in NR-U.

· Study the followings to identify if enhancement to DL/UL direction indication method for NR is needed.

· Whether/how slots indicating dynamic DL/UL configuration within a COT should be restricted or not

· Whether the DL/UL direction configuration supported in Rel-15 NR is enough or not

3.5. Partial slot transmission

As for partial slot transmission, following agreement was made in RAN1#92bis meeting.
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR
· Additional starting positions and durations are not precluded
Several companies discussed whether or not additional starting positions and durations are necessary in addition to those supported in NR Type-A and Type-B mapping, as follows.
· Necessary: CATT [7], AT&T [15]
· No need: ZTE [5], Samsung [12] , Ericsson [17]

Suggested conclusion:
·  Discuss further whether more flexibility on PDSCH/PUSCH starting points and durations than in Rel-15 NR is necessary for NR-U or not.

In addition, followings are company proposals on how to configure DL/UL partial slot transmission.

	R1-1808058
NR numerology and frame structure for unlicensed bands
Huawei, HiSilicon

Observation 2: Allowing around 8 transmission start opportunities within a subframe could achieve most of the gain from finer channel access granularity. 

Proposal 3: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.

Proposal 4: When a UE is configured with a BWP of 60 kHz SCS, starting from every 7-OS mini-slot with 60 kHz SCS should be supported.

Proposal 5: When a UE is configured with a BWP of 15/30 kHz SCS, the following two alternatives should be considered to allow multiple starting points in the first slot where LBT succeeds:

· Starting from every 7-OS mini-slot with 60 kHz SCS and falling back to the configured SCS for the remaining slots within a COT.

· Non uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols with the configured SCS.

Proposal 6: The following two options to implement mini-slot/slot scheme could be considered. 

· Option 1: The mini-slot/slot(s) is discarded if LBT fails on corresponding mini-slot/slot(s).

· Option 2: mini-slot/slot(s) transmission is deferred until the LBT succeeds and the mini-slot(s) beyond slot boundary is(are) punctured.

Proposal 7: To reduce complexity in UE and gNB side, it is preferred in NR-U for PUSCH transmission that despite the uncertainty of LBT outcome, the TBS is determined according to the full scheduled symbols regardless of the starting point and no extra TBS scaling is considered.

R1-1808271
On frame structure design for NR-U operation
MediaTek Inc.

Observation 2: For the partial slot located at the beginning of a COT, it may be beneficial to consider mapping a single TB onto this partial slot via rate matching, when the number of symbols within this partial slot is relatively large.

Observation 3: For the partial slot located at the beginning of a COT, it may be beneficial to consider slot aggregation (partial slot + the next full slot) when the number of symbols within this partial slot is relatively small.

Proposal 1: For the partial slot located at the beginning of a COT, NR-U should support flexible TB to slot mapping using techniques such as rate matching and slot aggregation.

R1-1808291
On flexible starting positions and related PDCCH monitoring for NR-U
Fujitsu

Proposal 1: The following three method to increase transmission opportunities are beneficial for NR-U and further combination can be studied.

· Method 1: shorter TTIs with non-slot based scheduling

· Method 2: shorter TTIs with larger SCSs

· Method 3: adaptive puncturing 

R1-1808765
Frame structure for NR-U
Samsung

Proposal 7: NR-U shall study puncture-based partial PUSCH transmission with proper DMRS design.

R1-1808817
Frame structure for NR-U operation
Nokia, Nokia Shanghai Bell

Proposal 9: Possibilities for (mini-)slot structure independent from time are investigated.


Suggested Conclusion:
·  Detailed design of DL/UL partial slot is left to NR-U WI phase.

4. FBE based frame structure

As for FBE based frame structure, following agreement was made in RAN1#93 meeting.
Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Several companies identified some aspects to be discussed to support FBE operation for NR-U, as follows. It is noted that [31]-[33] are under 7.2.2.4.1 channel access procedure agenda
· Fair coexistence between intra-RAT nodes and inter-RAT nodes

·  Sony [6], LG [8], Samsung [12], Qualcomm [21], CATT [31], ZTE [32], Huawei [33]
· Assumption on the degree of synchronization between nodes

·  Qualcomm [21], Huawei [33]
· How to support periodic signal transmission
·  LG [8], Qualcomm [21]

· How to make a gap for other RAT to perform LBT

·  ZTE [5]

Suggested conclusion:
·  Discuss further the following aspects regarding FBE based operation for NR-U.

· Fair coexistence between intra-RAT nodes and inter-RAT nodes

· Assumption on the degree of synchronization between nodes

· How to support periodic signal transmission

· How to make a gap for other RAT to perform LBT

5. Wideband transmission procedure
Several companies provided views on wideband transmission procedure. To be specific, Ericsson [17] suggested to prioritize CA based operation considering it may have less standard impact and requires less stringent processing requirements since parallel transport block processing can be performed independently per CC. On the other hand, Huawei [1] showed evaluation results that one component carrier larger than 20 MHz provides performance gain compared to CA with 20 MHz component carriers, where the performance gain is achieved due to guard tone efficiency. Beside, ZTE [5] suggested to determine actual active BWP among multiple pre-configured candidate BWPs based on LBT outcome. Based on them, following summary can be made:
Suggested proposal:
·  For wideband operation in NR-U, study the following approaches.
· Approach 1) Based on carrier aggregation with 20 MHz component carriers

· Approach 2) Allowing more than 20 MHz BW for a component carrier

· FFS in case LBT success BW is smaller than component carrier BW
6. Others
	R1-1808817
Frame structure for NR-U operation
Nokia, Nokia Shanghai Bell

Proposal 3: Consider CP-OFDM as the primary uplink waveform for NR-U.

Proposal 4: Consider almost-contiguous allocation based on Uplink resource allocation type 0 as one of the supported frequency domain resource allocation schemes for NR-U.

R1-1808817
Frame structure for NR-U operation
Nokia, Nokia Shanghai Bell

Proposal 6: NR-U operation should support short PUCCH located at the beginning of the UL portion of the COT.

R1-1809086
On NR-U frame structure 
InterDigital, Inc.

Proposal 4: NR should consider transmission of a trigger signal by a gNB where upon its detection by a UE, the UE may perform PRACH or PUCCH transmission. FFS the type of LBT required by the UE for triggered PRACH or PUCCH.
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Appendix: Previous agreements
Agreement: (RAN1#92bis)
· 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
Agreement: (RAN1#93)
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement: (RAN1#93)
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement: (RAN1#93)
· 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
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