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Introduction
At the RAN1 #94-bis meeting, frame structure for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	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:
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

R1-1812020	Draft LS to RAN4 on wideband carrier operation for NR-U	Ericsson
Final LS agreed in R1-1812026 with the title modified to “LS on wideband carrier operation for NR-U”.

R1-1812012	Summary #2 on frame structure for NR-U	LG Electronics
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.



In this contribution, we discuss on the issues regarding frame structure for NR-U operation. 

Discussion 
60 kHz SCS for DRS and PRACH transmissions in NR-U 
As we described in [3, 4], we think it is beneficial to support 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission in NR-U sub-7 GHz frequency range. Broader SCS can keep DRS and PRACH preamble duration shorter. Shorter signals are beneficial because it can apply short LBT with DRS only or PRACH only transmission. Additionally, broader SCS has an advantage to meet OCB regulation with consecutive mapping in frequency domain when only DRS or PRACH is transmitted. When SCS of DRS is 60 kHz, radio resources can be mapped in scalable manner based on the resource mapping for DRS with 30 kHz SCS so that specification impact is reduced.

Proposal 1: 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission should be supported in NR-U sub-7 GHz frequency range. 

Wideband operation in NR-U
[bookmark: _GoBack]At RAN1 #94-bis meeting, wideband operation is also discussed in the case that more than 20 MHz band, e.g., 80 MHz is available. Two approaches were listed. Approach 1 is carrier aggregation (CA) operation based on 20 MHz CC and approach 2 is single wideband carrier operation. In CA operation approach, the transmitting entity performs LBT per 20 MHz, and transmits on each CC which is detected as idle state. In single wideband carrier operation, the transmitting entity performs LBT per 20 MHz or consecutive wide band to use, and then transmits on consecutive wide band only when whole bandwidth is detected as idle state. 
If other radio communication system co-exists, the bandwidth which is detected as idle state may vary dynamically. In CA approach, the transmitting entity can use bandwidth flexibly according to band occupancy state that changes dynamically as shown in figure 1. On the other hand, in single wideband carrier operation, it may be difficult for the transmitting entity to use bandwidth flexibly because it is difficult to change DCI contents dynamically based on LBT result. In single wideband carrier operation, the transmitting entity transmits only when the whole band width is detected as idle state as shown in figure 2. That may reduce the transmission opportunity for NR-U system and that may increase a latency of NR-U system. However, overhead for carrier aggregation such as guard subcarriers between CCs can be suppressed with single wideband carrier operation so that resource usage efficiency is improved. 
Therefore, we think it is better to use wideband in unlicensed band with CA operation based on 20 MHz CC in the case other communication system co-exists with NR-U system. On the other hand, we think it is beneficial to use wideband with single wideband carrier operation in the case no other system co-exists or co-existing system also uses the same wideband.
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Figure 1: Wideband usage with CA operation
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Figure 2: Wideband usage with single carrier transmission


Proposal 2: It is beneficial to use wideband in unlicensed band with CA operation based on 20 MHz CC in the case other communication system using a part of the wideband co-exists with NR-U system. 

Proposal 3: It is beneficial to use wideband with single wideband carrier operation in which the transmitting entity transmits only when the whole band width is detected as idle state in the case no other system co-exists or co-existing system also uses the same wideband.

PDSCH transmission at the beginning of DL transmission burst
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 last meeting, 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

In option 1 and 3, gNB may need to prepare multiple PDSCH signals shorter than 14 symbols which is shown in figure3-(a).  In these options, overhead may increase to transmit multiple TBs with small size. In option 2, re-transmission of punctured PDSCH is needed in most cases. Therefore, we propose that PDSCH is transmitted across the slot boundary at least at the beginning of DL transmission burst and gNB may adjust to match slot boundary and PDSCH boundary in following slot as shown in figure 3-(b). 

[image: ]
Figure 3: PDSCH transmission at beginning of DL burst

Proposal 4: PDSCH is transmitted across the slot boundary at least at the beginning of DL transmission burst and gNB may adjust to match slot boundary and PDSCH boundary in following slot.

Conclusion 
In this contribution, we discussed on the issues regarding frame structure for NR-U operation. Based on the discussion above, we made following proposals. 

Proposal 1: 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission should be supported in NR-U sub-7 GHz frequency range. 

Proposal 2: It is beneficial to use wideband in unlicensed band with CA operation based on 20 MHz CC in the case other communication system using a part of the wideband co-exists with NR-U system. 

Proposal 3: It is beneficial to use wideband with single wideband carrier operation in which the transmitting entity transmits only when the whole band width is detected as idle state in the case no other system co-exists or co-existing system also uses the same wideband.

Proposal 4: PDSCH is transmitted across the slot boundary at least at the beginning of DL transmission burst and gNB may adjust to match slot boundary and PDSCH boundary in following slot.
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