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1 Introduction
The contribution is a revision of R1-1810579.
In RAN1#94bis meeting, regarding 60kHz SCS, BWP-based DL operation as well as PDSCH transmission, a lot of agreements are made as below:
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.

	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:
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

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.

However, the detailed frame structure was not extensively discussed. In this contribution, we still focus on frame structure issues and present our views. 
2 Discussion
In NR, the frame structure design includes both slot-based transmission and mini-slot based transmission. Multiple flexible starting positions and ending positions for PDSCH transmission and PUSCH transmission are defined in TS38.214. The corresponding starting position and duration for PDSCH type A/B and PUSCH type A/B are listed in below two tables. Based on the starting positions and durations defined for normal CP, PDSCH type A has up to four candidate starting position (i.e., symbol 0, 1, 2 and 3) and twelve candidate ending positions (i.e., symbol 2, 3, …, 13); PDSCH type B has up to 13 candidate starting positions and twelve candidate ending positions (i.e., symbol 2, 3, …, 13); PUSCH type A has only one starting position and up to 11 ending positions; PUSCH type B has up to 14 candidate starting positions and 14 candidate ending positions. The detailed values are listed in Table 1. It is noted that the maximum ending position is symbol 13 so that one PDSCH or PUSCH transmission is guaranteed not across slot boundary.  
Table 5.1.2.1-1: Valid S and L combinations

	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}


Table 6.1.2.1-1: Valid S and L combinations

	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


Table 1: Candidate starting positions and ending positions for normal CP
	
	Starting positions
	Ending positions

	PDSCH Type A
	{0,1,2,3}
	{2,3,…,13}

	PDSCH Type B
	{0,1,…,12}
	{2,3,…,13}

	PUSCH Type A
	{0}
	{3,4,…,13}

	PUSCH Type B
	{0,1,…,13}
	{0,1,…,13}


Based on the multiple starting positions and ending positions for NR PDSCH/PUSCH, the mini-slot based PDSCH and PUSCH provide high flexibility for starting and ending positions. This flexibility enables the immediate NR DL/UL access in unlicensed spectrum as long as the channel is sensed to be available. Compared to LTE LAA/eLAA, NR-based DL/UL transmission improves the channel utilization efficiency. 
Although only 2-symbol, 4-symbol, and 7-symbol durations for mini-slot based PDSCH are supported, the potential downlink transmission can be started from symbol 0 to symbol 12. Introducing additional starting position, i.e., symbol 13, seems unnecessary in Rel-16.   

Proposal 1: Reuse existing starting positions and ending positions specified for NR Rel-15 PDSCH/PUSCH mapping Type B for NR-U.

Proposal 2: Do not introduce additional starting position and duration for NR-U.

In LTE eLAA, within a COT, there can be one DL/UL switching point. In this way, eNB can transmit UL grant and receive corresponding PUSCH in same COT. In NR, gNB can further transmit PDSCH and receive corresponding HARQ-ACK or transmit UL grant and receive corresponding PUSCH within same COT. If there is only one DL/UL switching point within one COT, it has the benefit of less gap and lower risk of losing channel due to single DL/UL switching. However, the HARQ-ACK feedback or PUSCH transmission may be delayed to the UL burst after the reception of PDSCH or UL grant in the DL burst within same COT.

Compared to single DL/UL switching point within one COT, multiple DL/UL switching points within one COT can easily realize immediate HARQ-ACK report after reception of PDSCH transmission or fast PUSCH transmission after reception of UL grant. In that sense, multiple DL/UL switching points can simplify HARQ-ACK feedback and PUSCH transmission based on frequent DL/UL switching. However, the problem is more overhead of switching gap is introduced within COT, and an increased risk of losing the channel due to the additional switching gaps within COT. Therefore, the maximum number of DL/UL switching points within one COT needs further study.

Proposal 3: The maximum number of DL/UL switching points within one COT needs further study.
Regarding the slot format, besides the DL-only and UL-only slot format, NR has specified 56 different slot formats including zero switching point, one switching point and two switching point within one slot. These 56 slot formats provide full flexibility on different UL and DL resource ratios. 

With the 56 slot formats, NR also introduces dynamic UL/DL reconfiguration in the time scale of one slot. In this way, gNB can adjust the slot structure very quickly to adapt the traffic variation between DL and UL when the channel is sensed to be available. Considering the slot duration is variable according to the subcarrier spacing, the time scale can be 0.25ms when the subcarrier spacing is set to 60 kHz. Such dynamic UL/DL reconfiguration can further improve the channel utilization efficiency. 
Regarding the slot structure indication, a group common DCI format, e.g., DCI format 2_0, is used to explicitly indicate the slot format. With the slot format indication by DCI, gNB can dynamically adjust the slot structure and quickly transmit the determined slot structure to UE. Moreover, from UE’s perspective, it can avoid not only performing unnecessarily blind detection in uplink slots but also averaging channel state estimation across DL slots and UL slots.
Proposal 4: DCI format 2_0 is used to explicitly indicate the slot format for unlicensed spectrum.
For NR-U UL transmission in the scheduled slot, the UL grant indicates the concrete time domain resource allocation pattern, i.e., the scheduled slot, the starting symbol index and the transmission duration within the scheduled slot. Upon reception of the UL grant, UE derives the TBS and prepares PUSCH just according to the UL grant. To improve spectrum utilization efficiency on unlicensed spectrum, multiple starting positions are supported for PUSCH transmission [3]. In detail, the UE transmits the PUSCH started from the nearest candidate starting position as soon as the corresponding LBT is successful. Considering UE processing time and implementation complexity, the prepared data before the determined starting position is directly punctured. Thanks to the CBG-based retransmission specified in NR Rel-15, the data punctured due to LBT failure could be recovered.  

Proposal 5: PUSCH is punctured depending on LBT outcome.
3 Conclusion

In this contribution, we focus on the frame structure issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: Existing starting positions and ending positions specified for NR Rel-15 PDSCH/PUSCH mapping Type B are reused for NR-U.

Proposal 2: No need to introduce additional starting position and duration for NR-U.

Proposal 3: The maximum number of DL/UL switching points within one COT needs further study.
Proposal 4: DCI format 2_0 is used to explicitly indicate the slot format for unlicensed spectrum.
Proposal 5: PUSCH is punctured depending on LBT outcome.
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