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Introduction 
In RAN1 #94bis, the following agreement was made [1]: 
	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 and delay spread

Agreement:
It has been identified that support of different numerology candidates at least has the following specification impacts.
	[bookmark: _Hlk525830964]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:
· 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:
For unlicensed PCell, the UE assumes single SSB numerology per band.

Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.

Agreement:
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the 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.

Agreement:
In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.

Agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following.
· Ability to use frequency reuse factor 1
· Lower complexity for channel access due to lack of necessity to perform random backoff
· FFS requirement of synchronization accuracy
· FFS specification impact
· Note: This does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation
· Note: FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame.




Based on the above agreement, the following aspects are discussed:
· Numerology: subcarrier spacing and CP length
· Wideband operation
· Indication of the COT structure
· Partial slot supports
· PDCCH monitoring
Numerology
In the previous meeting, RAN1 compared the subcarrier spacing of 15/30 KHz and 60 KHz from the perspectives of specification impacts and agreed to capture the comparison table in the TR. The agreed table included the comparison with respect to UL Interlace and NR-U DRS design but we may consider more aspects for the comparison. We propose to put additional comparison as given in Table 1 (additional parts are shown in red).

[bookmark: _Ref528779283]Table 1: Specification impacts depending on SCS

	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

	PRACH
	
	· 60KHz SCS is not supported for FR1 in Rel-15
· RACH configuration needs to be modified to support 60KHz SCS



On top of the specification impact, we also list up the pros and cons on the introduction of SSB/PBCH with 60 KHz SCS.

· Benefits from the introduction of 60KHz SCS for SSB/PBCH
· By having shorter symbol length, we can have finer channel access granularity, which may provide benefits on LBT procedure and channel occupancy flexibility
· More transmission opportunity SSB/PBCH (or NR-U DRS) assuming the same overhead
· Drawbacks from the introduction of 60KHz SCS for SSB/PBCH
· Additional specification and additional implementation is needed on top of Rel-15 SSB/PBCH
· Larger guard band increases overhead
· Supportable cell size is small due to the shorter CP lengths, if normal CP is used. Extended CP may be required to be supported.

Based on pros and cons, the overall benefits of 60KHz SCS are not clear at this time without clear performance benefits obtained from the finer channel access granularity. It is proposed to work on 15KHz/30KHz SCS first and then we may study further on 60KHz SCS for SSB/PBCH.
	
Proposal 1: Prioritize 15 KHz & 30 KHz SCS for NR-U standardization
· Add the row of PRACH in the agreed table in the TR as given in Table 1
In addition, we’ve reached to the working assumption that extended CP for SS/PBCH block is not supported for NR-U operation. Given that extended CP is only for 60KHz in Rel-15 NR and it is not clear that 60KHz has benefits for NR-U operation, it is proposed to confirm the working assumption as an agreement. 	

Proposal 2: Confirm the working assumption:
· Extended CP for SS/PBCH block is not supported for NR-U operation.
Signalling the COT structure
In RAN1 #94bis, it was agreed that in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial. Current DCI format 2_0 in Rel-15 NR can indicate the detailed format for each slot inside a number of slots, where the number of slots is configured by RRC. 

[bookmark: _Hlk512253773]However the length of the COT can be dynamically determined based on the channel access priority, buffer status, COT sharing with other devices, etc. Therefore, there might be some modifications on the interpretation of the DCI format 2_0. And also since we have many unused entries in the slot formats table as given in Table 11.1.1-1 of 38.213, we may need to define additional formats that are required for indicating COT structure.
	

[image: ]
Figure 1: Indication of COT structure via GC-PDCCH 
Proposal 3: DCI format 2_0 in Rel-15 NR is used for the indication of the COT structure in the time domain
· Dynamic indication of length of the COT has to be supported 
· We define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication
Wideband operation
In RAN1 #94bis, we listed up 4 alternative solutions for supporting DL wideband operation larger than 20 MHz
· 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

Among 4 different options, option 1a/1b needs multiple active BWPs at a given time, which is not supported by Rel-15 NR and needs significant specification impacts if supported. Our basic preference is to keep a single active BWP both for UL and DL at a given time. 
For option 2, it is the simplest approach but it is not possible to use available subbands in the case that CCA is successful for not all subbands inside the BWP, which may not be able to take full benefits of wideband operation for NR-U. For option 3, there may need to be some guidelines from RAN2 and RAN4 as we requested their response as given in [2]. Aside from the LS, option 3 has the benefits over option 2 from the resource utilization perspective. We need more discussions on how to support option 3 in conjunction with RAN2/4’s responses.
[bookmark: _GoBack]Proposal 4: For wideband operation, 	
· Only a single active BWP is supported both for UL and DL at a given time.
· RAN1 discusses further how to support option 3 in conjunction with potential RAN2/4’s responses
Partial-slot supports
In last RAN1 meeting, following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the 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

During the LAA standardization phase, we have introduced partial subframe because of the lack of any partial-subframe supports before Rel-13 LTE. However, Rel-15 NR supports both type-A and type-B resource mapping for PDSCH and PUSCH, where type-A is for slot-based transmission and type-B is for non-slot based transmission. For type-B, we have lengths of 2, 4, 7 symbols for PDSCH and more flexible lengths for PUSCH. And also flexible starting positions are supported. This section provides specification impacts aspects of each option as given below:

· Option 1 (PDSCH(s) as in Rel-15 NR): This option does not support 1-symbol granularity in time however performance impact from the lack of 1-symbol granularity would not be significant. This option does not require any additional specification/implementation impacts.
· Option 2 (Punctured PDSCH depending on LBT outcome): This will provide 1-symbol granularity but it will have specification impacts including DMRS positions and PDSCH RE mapping.
· Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols): This will also provide 1-symbol granularity but it needs to specify the type B mapping with additional duration. If this options is considered, only one additional durations should be considered for minimizing the specification impacts.
· Option 4 (PDSCH across slot boundary): This can also provide 1-symbol granularity in time but it will have big implementation impacts. Normally, the transmission/reception algorithm is performed slot by slot so if PDSCH is transmitted across slot boundary, the implementation impacts would be significant.

Among 4 different options, option 1 is preferred from the perspectives of specification impacts and the marginal performance impacts. If other option needs to be considered, option 3 is the 2nd preference but only one additional symbol number (e.g., 3 symbols) can be additionally introduced for type B mapping if option 3 is supported.
Proposal 5: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 is preferred
· If option 3 is considered, only one additional symbol number is additionally supported for type B mapping.
Conclusion
In this contribution, we discussed frame structure related issues and we derived the following proposals:
Proposal 1: Prioritize 15 KHz & 30 KHz SCS for NR-U standardization
· Add the row of PRACH in the agreed table in the TR as given in Table 1
Proposal 2: Confirm the working assumption:
· Extended CP for SS/PBCH block is not supported for NR-U operation.
Proposal 3: DCI format 2_0 in Rel-15 NR is used for the indication of the COT structure in the time domain
· Dynamic indication of length of the COT has to be supported 
· We define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication
Proposal 4: For wideband operation, 	
· Only a single active BWP is supported both for UL and DL at a given time.
· RAN1 needs to discuss how to support option 3 along with the RAN2/4’s response
Proposal 5: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 is preferred
· If option 3 is considered, only one additional symbol number is additionally supported for type B mapping.
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Text proposals

======== Start of Text Proposal for Section 7.2.1.1 of TR38.889 ============

[bookmark: _Toc524037128]7.2.1.1	Frame structure
Single and multiple DL to UL and UL to DL switching points within a shared gNB COT is identified to be beneficial and can be supported. LBT requirements to support single or multiple switching points need to be identified
-	For gap of less than 16us: no-LBT can be used, though 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, though 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, while further study is needed on how many one-shot LBT attempts is allowed for granted UL transmission.
For NR-U DL operation, 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)
· 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

For NR-U UL operation, it is identified that being able to operate all UL signal/channels (except PRACH) 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

For NR-U operation, it is identified that support of different numerology candidates at least has the following specification impacts. It is also identified that extended CP for SS/PBCH block is not supported for NR-U operation.

	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

	PRACH
	
	· 60KHz SCS is not supported for FR1 in Rel-15
· RACH configuration needs to be modified to support 60KHz SCS




It is identified that indication of the COT structure in the time domain has been identified as being beneficial in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR. It is also identified that it is beneficial to define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication. 

It is identified that only a single active BWP is supported both for UL and DL at a given time for NR-U operation. For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1: 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 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

It is identified that indication of the COT structure in the time domain has been identified as being beneficial in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR. It is also identified that it is beneficial to define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication. 

It is identified that at least following candidates can be used for supporting PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: PDSCH mapping type B with one additional duration other than 2/4/7 symbols


======== End of Text Proposal for Section 7.2.1.1 of TR38.889 ============
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