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1 Introduction
In the last RAN1 meeting [1], the following agreements regarding the frame structure in NR-U were made: 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.

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

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





















Also, in RAN #80, the scope of the study item on NR-U has been revised to consider sub-7 GHz unlicensed spectrum only [2]. This contribution discusses the details of the agreed study points and other aspects related to the frame structure for NR-U, with respect to sub-7 GHz unlicensed spectrum only:
· Numerology
· Self-contained COT
· Variable starting position
· FBE-based frame structure
· Signal for detection
2 Numerology
NR supports multiple numerologies that are based on exponentially scalable sub-carrier spacing (SCS) f = 2µ × 15 kHz with µ={0,1,3,4} for SS/PBCH block and µ={0,1,2,3} for other channels (PRACH formats have 1.25 kHz or 5 kHz in addition). Note that Normal CP (NCP) is supported for all subcarrier spacings, and Extended CP (ECP) is supported only for µ=2. 
For LTE unlicensed operation (LTE-LAA) where target operating frequency range is limited to 5GHz unlicensed band, the 15kHz SCS with normal CP is only supported. For NR, it is quite obvious that at least the same SCS should also be supported to provide comparable performance (e.g. coverage, throughput, etc.) in 5 GHz unlicensed band. Furthermore, supporting a larger SCS is beneficial for NR-U to increase channel access opportunities while minimizing transmission of unnecessary signal for channel reservation. 
Proposal 1: NR-U supports only normal CP for sub7 GHz.
Proposal 2: NR-U supports the following candidate subcarrier spacing values for sub7 GHz unlicensed bands, and can further down-select for a given band.
	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others

	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
60 kHz



Note: Detailed analysis on the candidate SCS of SS/PBCH block and RMSI/OSI/paging is in our accompanied contribution [3], and detailed analysis on the candidate SCS of PRACH format is in our accompanied contribution [4].  
3 Self-contained Channel Occupancy Time
As agreed in [1], there can exist one or multiple DL/UL switching points within a shared gNB channel occupancy time (COT) for NR-U. This self-contained COT structure can be followed by a successful CAT-4 LBT at the gNB side; and depending on the ending position of LBT and the COT duration, the starting slot and/or ending slot within the self-contained COT can be mini-slot(s) with less than 14 symbols. Figure 1 illustrates an example of the downlink-centric self-contained COT, wherein an UL transmission part (e.g., HARQ-ACK feedback) is allowed at the end of every N () slots.


Figure 1. Example of self-contained COT
At each DL/UL switching point, a single-shot LBT (e.g. 25μs duration) can be used if the gap between the start of DL (UL) transmission and the end of previous UL (DL) transmission is above 16 μs, while a no-LBT option can be used if the gap is below 16 μs, which is consistent with the regulation [6]. The LBT requirement at each DL/UL switching point for NR-U further depends on the guard period length. Specifically, if denote by GP the total allocated guard period duration for one DL to UL switch and corresponding UL to DL switch, then GP needs to satisfy: GP >= TUE DL-UL + TAmax + NTA, offset * Tc, wherein TUE DL-UL is UE RF switching time; TAmax is the max UE timing advance value based on the cell size; and NTA, offset * Tc accounts for the guard period allocated for the UL to DL switch, which is 25560 Tc = 13 µs in Rel-15 NR for TDD FR1. Since the 13 µs guard period for UL to DL switch is less than 16 μs, a no LBT-option can be used for gNB at the UL to DL switching point for sub-7 GHz NR-U subject to regulation.
For DL to UL switching, the gap between the start of the assigned uplink transmission and the end of previous downlink transmission at the UE is GP – TA - NTA, offset * Tc, wherein TA is the timing advance value for the UE. As a result, the LBT requirement at DL to UL switching point depends on the TA value of the UE, and the NR-U numerology which affects the GP length; and that a single-shot LBT is needed if GP – TA - NTA, offset * Tc >= 16 μs, and a no LBT can be used otherwise. 
Proposal 3: A no-LBT option can be used at UL to DL switching point for sub-7 GHz NR-U, and further investigate the LBT requirement at DL to UL switching point for specific NR-U numerology.
The maximum allowed number of DL/UL switching points within the COT, including both the DL to UL switching point(s) and UL to DL switching point(s), shall be further investigated. Specifically, the maximum allowed number of switching points can be scalable and non-decreasing with the COT duration. For example, for a COT duration of TCOT ms, the maximum allowed total number of DL to UL and UL to DL switching points can be 2*TCOT -1, which can be applied to the scenario where UE responds HARQ-ACK feedback to the corresponding DL transmissions every 1 ms.
Proposal 4: The maximum allowed number of DL/UL switching points within the COT could be scalable with the COT duration.
For a single switching point within the shared COT and the gap from DL transmission to UL transmission that exceeds 16 µs, one-shot LBT is needed [6]. The UL transmission can start after the one-shot LBT is successful, otherwise the UE can perform a new one-shot LBT attempt. Such one-shot LBT attempt can always be allowed, as long as the UL transmission can start within the COT and the total number of one-shot LBT attempts does not exceed a pre-configured number M >= 1 (e.g., M = 20). In this case, the maximum number of such one-shot LBT attempts can be determined as min(ceil(T/25µs), M), wherein T is the remaining COT duration after the DL/UL switching point, and 25µs refers the one-shot LBT duration. 
Proposal 5: 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.
4 Variable Starting Position
For LTE-LAA, a starting position for downlink transmission can be changed according to the outcome of channel access. However, due to the fixed reference signal position (i.e., CRS) and complexity, the number of candidate positions is fixed and limited to each of slot boundaries in a subframe. Therefore, the channel may not be fully utilized for control/data transmission. Unlike LTE, NR is able to support flexible starting positions by non-slot based transmission. Because a DMRS position can be located at the first symbol scheduled for PDSCH/PUSCH and a UE can be configured to monitor CORESET with a short periodicity (e.g., per symbol), PDSCH/PUSCH can be transmitted immediately after accessing the channel. However, to fully utilize these features to lighten the impact of LBT, additional complexity such as UE blind detection overhead and/or power consumption should be carefully considered. In addition, if flexible starting positions for PDSCH/PUSCH depending on the outcome of channel access are supported, gNB/UE may be required to prepare multiple PDSCH/PUSCHs because there may not be enough time for gNB/UE to regenerate the data according to the outcome of LBT. 
Observation 1: NR has already supported enough flexibility on the starting position of transmission, and no further enhancement on the number of symbols for PDSCH in non-slot based transmission is needed for NR-U.
Proposal 6: NR-U shall study the impact of LBT to support flexible starting position.
For grant-based PUSCH transmission, gNB may not predict the actual starting point of PUSCH depending on the outcome of channel access at UE side. Unlike DL transmission, the scheduling information in UL grant cannot vary instantly with the LBT. To support multiple UL starting positions, UE can firstly prepare the PUSCH according to the UL grant, e.g., PUSCH starting position and duration, and transmit partial PUSCH starting from the nearest candidate starting symbol after LBT as defined in LTE. In LTE FeLAA, a UE may start uplink data transmission from the first or second slot boundary in a scheduled subframe depending on LBT outcome. When the transmission starts at the second slot, the first slot of a subframe is punctured. This approach can be a baseline for supporting flexible UL starting position for NR-U. The data punctured due to failure of LBT could be recovered by CBG-based retransmission in NR phase-1. The potential study point is how to aid gNB to identify the actual starting point, and how to reduce the impact on channel estimation. In FeLAA, there is one DMRS per slot. By detecting DMRS in each slot respectively, eNB can identify whether the first slot is transmitted or not. The channel per slot is estimated by the DMRS in each slot. In NR, the first DMRS is located in the first scheduled symbol(s) for PUSCH mapping type B, and it is in the 3rd or 4th symbol in a slot for PUSCH mapping type A. If the candidate starting position can be after the first DRMS symbol, then, DMRS is punctured which does not only degrade channel estimation (or even no CE result if there is no additional DMRS) but also complex the starting position detection at gNB side. Therefore, the coordination between multiple starting position and DRMS should be studied, e.g., moving DMRS to the first symbol of transmitted PUSCH, to ensure at least one DMRS is included in the partial PUSCH and no ambiguity for starting position detection. 
Proposal 7: NR-U shall study puncture-based partial PUSCH transmission with proper DMRS design.
5 FBE-based Frame Structure
FBE is a channel access mechanism wherein the transmit/receive structure has a periodic timing with a periodicity named the fixed frame period (FFP), which is within 1ms to 10ms. The initiating device shall perform a single-shot LBT before starting transmissions on an operating channel at the start of a FFP, and the COT associated with a successful LBT check for FBE shall be no greater than 95% of the FFP. Figure 2 gives the basic example of timing for FBE operation, as described in [6]. Note that a necessity of signalling to indicate such fixed frame period, channel occupancy time in the period to UE needs to be studied.


Figure 2. Illustration timing relation for FBE.
Besides the load-based equipment (LBE) operation mode, NR-U can also support the FBE operation mode for scenarios wherein other LBE-based networks (e.g., Wi-Fi, LAA) can be precluded (e.g., by deployment), such as a factory or private NR-U network. Compared to the LBE, the FBE operation mode can have higher spectrum utilization under such scenarios given the much simpler LBT process. In addition, the FBE operations and regulations in [6] can be the baseline for FBE-based operations and frame structure of NR-U. 
Proposal 8: FBE-based NR-U can be supported for scenarios wherein LBE-based networks can be precluded.
Besides the baseline operations, similar to LBE-based NR-U, the FBE-based NR-U can also allow one or more than one DL to UL switching point(s) and UL to DL switching point(s) within the channel occupancy time, and the same LBT requirements specified in Section 3 can also be applied to FBE-based NR-U at the DL/UL switching point(s).
The regulation from [6] supports the short control signalling transmissions for both FBE-based and LBE-based operations, which are the transmissions used by the device to send management and control frames without sensing the channel for the presence of other signals. Such transmissions need to be less than 50 times with a total duration of less than 2500 μs within an observation period of 50ms. The allowance and benefits of short control signalling transmissions for FBE-based and/or LBE-based NR-U can be further investigated. For example, for FBE-based NR-U, the gNB can transmit SS/PBCH blocks or CSI-RS for measurement purpose during the fixed frame period wherein the gNB fails LBT, subject to the constraints of short control signalling transmissions.
Proposal 9: Further investigate the support for multiple DL/UL switching points and allowance of short control signalling transmissions for FBE-based NR-U.
6 Signal for Detection
In NR phase 1, a UE shall monitor a set of PDCCH candidates in one or more control resource sets (CORESET) according to corresponding search spaces, wherein the search spaces may appear periodically according to the configured periodicity by higher-layer signaling. For NR-U operation, the periodicity of PDCCH is likely to be broken, e.g., due to LBT failure. Furthermore, if the configured periodicity is relatively large, e.g., 20 slot, the DL/UL transmission opportunity would be dramatically reduced if gNB fails LBT for PDCCH search space slot. On the other hand, if the configured periodicity is small, e.g., 1 slot or less than a slot, more transmission opportunities are provided at the cost of more frequent PDCCH detection. In LTE, UE may skip PDCCH decoding if UE does not detect the CRS. In NR, CSI-RS for tracking or DMRS for PDCCH may not achieve the same robust detection performance as the CRS, thus UE may not skip PDCCH decoding in slots which gNB does not transmit. For example, wideband DMRS for a PDCCH can be considered to facilitate burst detection, which can provide similar detection performance as the CRS. 
Proposal 10: NR shall study potential solutions for power-efficient burst detection mechanism by utilizing a RS defined in NR.
7 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: NR-U supports only normal CP for sub7 GHz.
Proposal 2: NR-U supports the following candidate subcarrier spacing values for sub7 GHz unlicensed bands, and can further down-select for a given band.
	SS/PBCH block
	PRACH format
	RMSI/OSI/paging
	Others

	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
FFS 60 kHz
	15 kHz,
30 kHz,
60 kHz



Proposal 3: A no-LBT option can be used at UL to DL switching point for sub-7 GHz NR-U, and further investigate the LBT requirement at DL to UL switching point for specific NR-U numerology.
Proposal 4: The maximum allowed number of DL/UL switching points within the COT could be scalable with the COT duration.
Proposal 5: 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.
Observation 1: NR has already supported enough flexibility on the starting position of transmission, and no further enhancement on the number of symbols for PDSCH in non-slot based transmission is needed for NR-U.
Proposal 6: NR-U shall study the impact of LBT to support flexible starting position.
Proposal 7: NR-U shall study puncture-based partial PUSCH transmission with proper DMRS design.
[bookmark: _GoBack]Proposal 8: FBE-based NR-U can be supported for scenarios wherein LBE-based networks can be precluded.
Proposal 9: Further investigate the support for multiple DL/UL switching points and allowance of short control signalling transmissions for FBE-based NR-U.
Proposal 10: NR shall study potential solutions for power-efficient burst detection mechanism by utilizing a RS defined in NR.
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