3GPP TSG RAN WG1 Meeting #94bis

R1-1812012
Chengdu, China, October 8th – 12th, 2018
Agenda Item:
7.2.2.2
Source: 
LG Electronics

Title: 
Summary #2 on frame structure for NR-U
Document for:
Discussion and decision
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
2.1. 60 kHz sub-carrier spacing (SCS)
Several companies provided views on whether 60 kHz SCS and ECP for 60 kHz SCS should be supported for NR-U operation or not. Some companies pointed out 60 kHz SCS has benefits in terms of faster channel access, processing time reduction, compacted NR-U DRS, etc. To be specific, Huawei [1] showed that considerable performance gain can be achieved even in case of 60 kHz SCS if 26 PRBs are available for 20 MHz BWP/CC (other than 24 PRBs which are defined for 20 MHz BWP/CC in current Rel-15 NR RAN4 specification). However, other companies are negative to prioritize 60 kHz SCS design with consideration that 60 kHz SCS for data channel in FR1 was decided as an optional feature for Rel-15 NR. In addition, Ericsson [20] showed that most of the performance gain comes from increasing the SCS from 15 kHz to 30 kHz and marginal difference is observed between 30 and 60 kHz. In summary, company views on 60 kHz SCS and ECP for 60 kHz SCS are as follows.
· 60 kHz SCS
· Supported by: Huawei [1], MediaTek [5], Nokia [8], OPPO [14], Spreadtrum [15], Qualcomm [19], NTT DOCOMO [21]
· Negative or low priority: LG [2], ZTE [3], vivo [4], Intel [12], Ericsson [20]
· ECP for 60 kHz SCS
· Supported by: Huawei [1], NTT DOCOMO [21]
· Negative: Nokia [8], Ericsson [20]
Besides, Ericsson [25] provided text proposal which lists potential specification impacts for each candidate numerology (i.e., 15/30/60 kHz SCS) such as UL interlace design, NR-U DRS design, ECP support, and so on.
Proposal:
· Determine whether a summary and a possible text for TR on the potential specification impacts for each candidate numerology (i.e., 15/30/60 kHz SCS) as provide in [25] will be prepared in this agenda, where the details for each DL/UL signal/channel may need to be discussed in other corresponding agendas.
Proposal for working assumption:
· Extended CP for SS/PBCH block is not supported for NR-U operation.
· Note: This working assumption will be confirmed if there is no issue identified in terms of coverage aspect

Proposal for agreement:
· It has been identified that support of different numerology candidates at least has following specification impacts.
	Item
	15/30 kHz SCS
	60 kHz SCS

	UL Interlace Design
	PRB-based interlacing has following spec impacts.

· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)

	PRB-based interlacing has following spec impacts,
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)
In addition to above impacts, sub-PRB-based interlacing has following spec impacts,

· Reference signal design (e.g., DMRS )
· Resource allocation

	NR-U DRS Design
	· SS/PBCH block time domain pattern is already supported in Rel-15

	· SS/PBCH block time domain pattern is not supported in Rel-15
· FFS for scaling Rel-15 design or new design
· SS/PBCH block – CORESET configuration tables (38.213, Section 13) is not supported in Rel-15


Proposal:
· Discuss further whether support of 60 kHz SCS is beneficial or not, e.g., in terms of system performance, SCS hypothesis for SA operation, etc.
Conclusion:
· For unlicensed PCell, the UE assumes single SSB numerology per band.

2.2. Numerology alignment
In the last meeting, it was agreed that the numerology alignment for all UL channels has benefits at least in terms of UE implementation and UL channel multiplexing, but FFS for PRACH. Two companies provided views on the use of the same numerology for PRACH and PUCCH/PUSCH that Samsung [13] supports the same numerology between them while LG [2] needs further discussion.
From the agreement made in the last meeting, there is another FFS point on the same numerology for DL and UL. LG [2] and ZTE [3] stated that the numerology alignment between DL and UL is beneficial to minimize switching gap. Also, Samsung [13] and OPPO [14] identified that the alignment is beneficial. However, Huawei [1] pointed out that operation with multiple numerologies for DL and UL is still beneficial considering UL power boosting, channel access mechanism, and so on.
In summary, company views on those issues and suggested proposals are as follows.
· Issue 1: Operation of the same numerology for PRACH and PUSCH/PUCCH

· Beneficial: Samsung [13]

· Need further study: LG [2]
Proposal:
· Discuss further whether or not the numerology alignment between PRACH and PUSCH/PUCCH is recommendable.
· Issue 2: Operation of the same numerology for DL and UL
· Beneficial: LG [2], ZTE [3], Samsung [13], OPPO [14]
· Up to network configuration: Huawei [1]
Proposal for agreement:
· Operation of the same numerology for DL and UL on the same unlicensed carrier is beneficial to minimize switching gap between DL and UL within gNB’s COT.
3. Occupied channel structure
The occupied channel structure consists of resource in frequency domain as well as time domain, considering that the medium obtained by successful LBT procedure can imply how much amount of bandwidth is occupied in addition to from when to when the channel is grabbed. Therefore, this section discusses occupied channel structure in frequency domain aspects and in time domain aspects, respectively.
3.1. Frequency domain aspects (wideband operation)
For the operation with wideband larger than 20 MHz (or integer-multiple of 20 MHz), basically there can be following two approaches.
· Approach 1: CA-based operation where each carrier has bandwidth of 20 MHz

· Approach 2: BWP-based operation within a carrier with bandwidth larger than 20 MHz

It is noted that for approach 1, transmission over a bandwidth larger than 20 MHz can be supported by multi-carrier LBT procedure similar to LTE LAA. NTT DOCOMO [21] identified approach 1 to be beneficial and Ericsson [20] also identified the benefit of approach 1 in terms of spectral efficiency since there is no requirement that the guard bands between two or more contiguous carriers are left empty in current Rel-15 NR RAN4 specification.
For approach 2, several companies suggested various options on how to activate/transmit the whole or part of a BWP depending on the outcome of LBT procedure. So, following four options (as also shown in Figure 1) can be categorized with supporting companies.
· For BWP-based operation within a carrier with bandwidth larger than 20 MHz,

· Option 1: Multiple BWPs can be activated for a UE. Among the multiple active BWPs, actual transmission can be performed over one or more BWP(s) where LBT procedure is successful for whole BW of each of the BWP(s).

· Supported by: OPPO [14], Huawei
· Option 2: Multiple BWPs can be configured for a UE. Among the multiple configured BWPs, actual transmission can be performed only on a single activated BWP where LBT procedure is successful for whole BW of the BWP.

· Supported by: LG [2], ZTE [3]
· Option 3: For a single active BWP out of multiple configured BWPs, actual transmission can be performed over the BWP only when the LBT procedure is successful for whole BW of the BWP.

· Supported by: Ericsson [20]
· Option 4: For a single active BWP out of multiple configured BWPs, actual transmission can be performed over a part of the BWP where LBT procedure is successful for the part of the BWP.
· Supported by: Huawei [1], LG [2], Nokia [8], OPPO [14], Panasonic [16], Qualcomm [19], TCL [24], Fujitsu [26], InterDigital[18], MediaTek[5], Intel
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2

0

 

M

H

z

Active

BWP#0

2

0

 

M

H

z

2

0

 

M

H

z

2

0

 

M

H

z

Activated BWP#0

Activated BWP#0


Figure 1. Examples for approach 2: (a) Option 1, (b) Option 2, (c) Option 3, and (d) Option 4
Proposal for agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· Capture the following in TR after down-selecting in RAN1#95.

· For DL operation, at least following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· Option 1: Multiple BWPs can be activated for a UE. Among the multiple active BWPs, actual transmission can be performed over one or more BWP(s) where LBT procedure is successful for whole BW of each of the BWP(s).

· Option 2: Multiple BWPs can be configured for a UE. Among the multiple configured BWPs, actual transmission can be performed only on a single activated BWP where LBT procedure is successful for whole BW of the BWP.
· Option 3: For a single active BWP out of multiple configured BWPs, actual transmission can be performed over the BWP only when the LBT procedure is successful for whole BW of the BWP.

· Option 4: For a single active BWP out of multiple configured BWPs, actual transmission can be performed over a part of the BWP where LBT procedure is successful for the part of the BWP.

· FFS for UL operation including some or all of above options can be applied
Additionally, several companies pointed out that study with RAN4 could be necessary for following topics.
· Sub-band specific LBT (i.e., LBT per 20 MHz) within a carrier with bandwidth larger than 20 MHz

· Nokia [8]: Study feasibility and practical constraints related to sub-band specific LBT (per 20 MHz), in case the carrier bandwidth is larger than 20 MHz
· BWP switching delay reduction
· Nokia [8]: Study if BWP switching delay can be reduced with loose synchronization requirements on unlicensed bands, in order to support dynamic BWP switching
· Out-of-band and/or intra-BWP emission requirement (related to Tx behaviour)
· Ericsson [20]: Study if RAN4 requirement for power leakage to adjacent 20 MHz is necessary in case some of LBT sub-bands are not transmitted due to LBT failure on those LBT sub-bands
· Handling of interference from adjacent 20 MHz (related to Rx behaviour)

· Huawei [1], Nokia [8]: Study if reception with interference from adjacent 20 MHz is feasible or if some mechanisms to mitigate interference from adjacent 20 MHz is necessary
Proposal:
· From RAN1 perspective, it is recommended that RAN4 needs to consider the followings.

· Study feasibility and practical constraints related to sub-band specific LBT (per 20 MHz), in case the carrier bandwidth is larger than 20 MHz
· Study if BWP switching delay defined for Rel-15 NR can be reduced for NR-U with loose synchronization requirements on unlicensed bands
· Study if additional in-band emission requirement or guard band is necessary considering sub-band specific LBT (per 20 MHz) and power leakage to adjacent 20 MHz within a BWP, in case that actual transmission from gNB or UE can be performed over a part (e.g., 20 MHz) of the BWP (e.g., 40 MHz)
· Study if additional out-of-band emission requirement or guard band is necessary considering LBT per 20 MHz and power leakage to adjacent 20 MHz across carriers, in case that actual transmission from gNB or UE can be performed based on CA-based operation where each carrier has bandwidth of 20 MHz
· Study if reception with interference from adjacent 20 MHz is feasible or if some mechanisms to mitigate interference from adjacent 20 MHz is necessary, in case that, for example, UE’s or gNB’s reception bandwidth is 40MHz and a 20MHz within 40MHz is interfered by another RAT.
3.2. Time domain aspects
In order to support the transmission from the middle of a slot (considering LBT mechanism) to the middle of the other slot (considering maximum COT length), various values for starting point and duration are necessary to DL/UL channels. Some companies showed their views that PDSCH/PUSCH mapping type A/B for Rel-15 NR is sufficient while other companies pointed out that more values for duration for PDSCH mapping type B are needed since only 2/4/7 symbols are allowed for duration for PDSCH mapping type B. In summary, company views on this issue and suggested proposal are as follows.
· Starting positions and durations for PDSCH/PUSCH in a partial slot shorter than 14 symbols
· Rel-15 NR is sufficient: ZTE [3], MediaTek [5], Lenovo [6], Sony [9], Intel [12], Samsung [13], Ericsson [20], InterDigital[18]
· More durations are necessary: Nokia [8], AT&T [11], Sharp [17], Fujitsu [7], vivo[27]
Proposal:
· Discuss further whether more flexibility on PDSCH durations than in Rel-15 NR is necessary for NR-U or not.

For PDCCH monitoring, symbol-level (or mini-slot level) monitoring periodicity seems beneficial to support partial slot transmission within a COT. In addition, several companies proposed to adapt PDCCH monitoring periodicity depending on COT structure such that larger PDCCH monitoring periodicity within a gNB’s COT than outside the gNB’s COT is applied, which would be beneficial in terms of UE power saving. 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 [2]
In summary, company views on this issue and suggested proposal are as follows.
· Adaptation on PDCCH monitoring periodicities based on COT structure

· Supported by: Huawei [1], LG [2], Nokia [8], NEC [10], Spreadtrum [15], InterDigital [18], Qualcomm [19], Xiaomi [22], Fujitsu [7]
Proposal for agreement:
· For a UE to perform PDCCH monitoring with a periodicity,
· PDCCH monitoring occasion with the periodicity shorter than slot duration has the benefit for faster channel access at gNB.
· Reducing the number of PDCCH monitoring occasions per slot within COT compared to that outside of COT has the benefit for UE power saving.
Besides, several companies suggested various options on how initial partial DL or UL slot can be composed of. So, following methods for initial partial slot composition can be categorized with supporting companies.

· Methods for initial (partial) slot composition

· Method 1: Initial slot is composed of multiple mini-slots

· Method 1-1: The same numerology between mini-slot and following full slot

· Supported by: Huawei [1], Fujitsu [7], Nokia [8], NEC [10], Xiaomi [22], InterDigital[18]
· Method 1-2: SCS for mini-slots (e.g., 30 kHz) is larger than that for following full slot (e.g., 15 kHz)

· Supported by: Huawei [1]

· Method 2: Initial slot is composed of one partial slot spanning to slot ending boundary
· Method 2-1: TBS determined based on a reference duration (e.g., full slot) is rate-matched

· Supported by: MediaTek [5], NEC [10], Qualcomm [19]

· Method 2-2: TBS determined based on a reference duration (e.g., full slot) is punctured

· Supported by: Huawei [1], Fujitsu [7], Samsung [13], Qualcomm [19], MediaTek[5]
· Method 3: Cross slot aggregation (i.e., initial partial slot and following full slot are aggregated)
· Supported by: MediaTek [5], NEC [10], Xiaomi [22]
Proposal for agreement:
· NR-U should not support different numerology for PDCCH/PDSCH/PUCCH/PUSCH within the same bandwidth part.
Proposal for agreement:
· It has been identified as beneficial that gNB does not have to change TBS for a PDSCH depending on the LBT outcome, at least where the PDSCH is transmitted at the beginning of gNB’s COT.

Proposal for agreement:
· The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least at the beginning of DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR

· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary

· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.

· Note: The beginning of DL transmission burst may not imply the first symbol of DL transmission burst

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. Rel-15 NR basically supports DL/UL direction indication via semi-static configuration and/or group common DCI (i.e., DCI format 2_0). Several companies suggested some enhancements needed for NR-U operation, in order for DL/UL direction indication. In summary, enhancements addressed by companies on this issue and suggested proposal are as follows.

· Frequency domain occupancy indication

· Supported by: Huawei [1], LG [2], MediaTek [5], Nokia [8], Panasonic [16], TCL [24]

· Signalled by Preamble/initial signal: MediaTek [5], TCL [24]

· More combinations for DL/UL direction indication by DCI format 2_0
· Huawei [1], NEC [10], ASUSTeK [23]
· More flexible (e.g., dynamic) configuration for DCI format 2_0 monitoring occasions

· NEC [10], Sharp [17], ASUSTeK [23]
· At the beginning of each DL transmission burst: InterDigital [18], Xiaomi [22]

· Update or overriding of previous indication

· Huawei [1], NEC [10]
· Indication of remaining COT duration

· vivo [27]

Proposal for agreement:
· On top of the functionalities given by DCI format 2_0 in Rel-15 NR, the following has been identified as candidate/potential enhancement. 
· Indication of the COT structure in time domain
5. FBE based frame structure

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

Several companies identified some aspects to be discussed in order to support FBE operation for NR-U, as follows.
· Fair coexistence between intra-RAT nodes and inter-RAT nodes
· Supported by: LG [2], Sony [9], Qualcomm [19]

· Assumption on the degree of synchronization between nodes
· Supported by: vivo [4], Qualcomm [19]
· How to support periodic signal transmission
· Supported by: LG [2], Samsung [13]
· How to make a gap for other RAT to perform LBT
· Supported by: ZTE [3]
Proposal for agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent in the long term basis (e.g., by level of regulation) and FBE gNBs are synchronized has at least following benefits.

· Frequency reuse factor 1
· Low implementation complexity and power saving due to channel access w/o random backoff

· FFS requirement of synchronization accuracy

· FFS specification impact
Proposal:
· 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
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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

Agreement: (RAN1#94)

· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands

· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· Common interlace structure

· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands

· FFS: PRACH benefits

· FFS: same numerology for DL and UL considering switching gap

Working assumption: (RAN1#94bis)
Extended CP for SS/PBCH block is not supported for NR-U operation.

· Note: This working assumption will be confirmed if there is no issue identified in terms of coverage and delay spread

Agreement: (RAN1#94bis)
It has been identified that support of different numerology candidates at least has the following specification impacts.

	Item
	15/30 kHz SCS
	60 kHz SCS

	UL Interlace Design
	PRB-based interlacing has following spec impacts.

· Number of interlaces

· Number of PRBs per interlace

· Resource allocation

· Channel estimation aspects (e.g., impact on PRG)


	PRB-based interlacing has following spec impacts,

· Number of interlaces

· Number of PRBs per interlace

· Resource allocation

· Channel estimation aspects (e.g., impact on PRG)

In addition to above impacts, sub-PRB-based interlacing has following spec impacts,

· Reference signal design (e.g., DMRS )

· Resource allocation

	NR-U DRS Design
	· SS/PBCH block time domain pattern is already supported in Rel-15


	· SS/PBCH block time domain pattern is not supported in Rel-15

· FFS for scaling Rel-15 design or new design

· SS/PBCH block – CORESET configuration tables (38.213, Section 13) is not supported in Rel-15


Agreement: (RAN1#94bis)
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement: (RAN1#94bis)
Send LS to RAN4 on at least the following issues related to single wideband carrier operation, i.e., greater than 20 MHz:

· Potential need for new requirements within a carrier when the carrier spans multiple LBT bandwidth pieces

· Effect on UE receiver of interference from transmitters transmitting on parts of the same carrier

· Note: Other aspects can be included in the LS if necessary

· Note: RAN1 assumes that RAN4 will define requirements for carrier aggregation of 20 MHz carriers operating in unlicensed spectrum
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