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1 Introduction

Frame structure of NR-Unlicensed (NR-U) is an important part of the study for fair coexistence with other RATs and for better performance. For a simple and unified solution, the frame structure in NR-Unlicensed should mostly inherit the design of NR for licensed bands.
It was agreed in RAN1 #92bis meeting that [1]
· 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
And it was agreed in RAN1 #93 meeting that [2]

· 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.
· 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
In this contribution, we focus on the frame structure design for unlicensed spectrum in NR, including subcarrier spacing and carrier bandwidth, flexible transmission start and ending points, multiple switching points within a shared Channel Occupancy Time (COT), DL identification signal and indication for COT structure. This contribution is revised from R1-1805917. 
2 Applicable subcarrier spacing and carrier bandwidth for NR-Unlicensed
For sub-7 GHz unlicensed bands, e.g., 5 GHz, the 15 kHz SCS with normal CP length is supported in LAA-LTE, and the same SCS could also be supported in NR-U to achieve similar coverage as LAA-LTE e.g. when the component carrier bandwidth is 20 MHz. On the other hand, if a larger SCS is applied, the symbol duration will be shorter. This is beneficial to increase the channel access opportunities, reduce latency and thus enhance the resource utilization. 
A larger SCS also facilitates the single wideband carrier operation. Operating with a single carrier allows reducing the control overhead and avoids the use of guard tones between carriers. For the same system bandwidth, a larger SCS requires a smaller FFT size, and hence reduces the implementation complexity. 
Here we conduct a performance comparison among four schemes to achieve 80 MHz operating bandwidth, including the following schemes

· Scheme 1) carrier aggregation of 4x20 MHz CC with LTE-LAA; 

· Scheme 2) carrier aggregation of 4x20 MHz CC with NR-U 15 kHz SCS; 

· Scheme 3) carrier aggregation of 4x20 MHz CC with NR-U 60 kHz SCS; 

· Scheme 4) 1x80 MHz CC with NR-U 60 kHz SCS. 
Detailed scenario and simulation assumptions can be found in the Appendix.
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Figure1. UPT (Mbps) performance for 60 kHz and 15 kHz SCS on unlicensed spectrum
From Figure 1, it is observed that the system with a SCS of 60 kHz operating as a wideband carrier (scheme 4) obtains about 60% average DL UPT gain and 80% average UL UPT gain over LTE-LAA system (scheme 1) for the same system bandwidth under the assumed scenario. The performance gain comes from the finer granularity to occupy the channels in time domain. In addition, the processing delay for the short symbol demodulation is reduced, so retransmission for short symbols in the same MCOT becomes possible and HARQ combining gain can be achieved with low latency. Besides that, the overhead of guard tone of 60 kHz SCS wideband CC is also smaller than that of LTE-LAA CC according to the agreed guard tone assumption in RAN4. However in CA deployment, the performance gain of 60 kHz SCS (scheme 3) over LTE-LAA (scheme 1) shrinks because of the spectrum efficiency loss from guard tones in 60 kHz 20 MHz CC. In the simulation, the channel access mechanism is similar to multi-carrier type B in Rel-13 LTE-LAA where the channel sensing is independently performed for each 20 MHz. 

Observation 1: The single carrier wideband operation can achieve better UPT performance compared to CA operation.

Proposal 1: NR should support component carrier bandwidth larger than 20 MHz with the subcarrier spacing up to 60 kHz in sub-7GHz in unlicensed band. 
Furthermore, in order to guarantee fair co-existence, the flexible channel bandwidth in NR-U should be an integer multiple of 20 MHz. How to configure SCS applicable to different channel bandwidth should be studied. As discussed above, the suitable SCS configured for different channel bandwidth should take into account the guard tone overhead, channel access opportunity and implementation complexity. For example, when the channel bandwidth is smaller than X MHz (e.g. X = 40), 15 kHz or 30 kHz SCS may be considered. Otherwise, 30 kHz or 60 kHz SCS may be considered.
In addition, since the normal CP length is reduced along with the symbol duration for a larger SCS, extended CP could be considered to support a larger coverage. For example, if the SCS is 60 kHz, the symbol duration is 16.67us, and the corresponding CP duration will be reduced to around 1.2us, which may impact the coverage in sub-7G unlicensed band, especially in outdoor scenario. Due to the same consideration, IEEE802.11ax still keeps 3.2us CP as mandatory while SCS is reduced to 78.125 kHz. From these aspects, the extended CP should be supported at least for 60 kHz SCS in sub-7GHz unlicensed band.
Proposal 2: Extended CP for 60 kHz SCS is still necessary in sub-7GHz unlicensed band.
3 More frequent start/ending points in NR-Unlicensed

In LAA/eLAA/FeLAA, both DL and UL transmission should start and end at certain fixed points. To be more specific, using frame structure type 3, both DL and UL transmission could start at slot boundaries of every 0.5 ms. Since LBT generally ends at any time instance and is not aligned with symbol boundaries, the time period (max 0.5 ms) between the end of LBT and the possible start of a PDCCH/PUSCH transmission is wasted. Similar situation with partial ending subframe is improved when more ending points are defined, e.g. OFDM symbol positions (#[2 5 8 9 10 11 13] for DL and #[6 12 13] for UL) can be used as partial subframe ending points, but it is still not flexible enough. Therefore, NR-U should provide more frequent start/ending points than LAA/eLAA for more flexible transmission. 
In RAN1#92bis meeting, it was already agreed that NR-U supports both Type-A and Type-B mapping already supported in NR, and additional starting positions and durations are not precluded. In order to support flexible starting positions for PDSCH, multiple PDSCHs with various lengths have to be prepared at the gNB side since there is not enough time for packet generation between the end of LBT and the start of PDSCH transmission. This increases the processing burden of the gNB. In addition, the UE is required to monitor CORESET at all supported starting positions in each slot before COT is established, which also increases the UE power consumption. Thus the supported starting positions of PDSCH for NR-U shall be carefully investigated.
As shown in Figure 2, three schemes are evaluated and labelled scheme a, scheme b and scheme c, respectively. DL Transmissions starting on 7OS boundaries, 2OS mini-slot boundaries and 1OS mini-slot boundaries are taken into consideration. The transmission bandwidth is 80 MHz that carrier aggregation of 4x20 MHz CC is applied with 15 kHz SCS and 1x80 MHz wideband CC is applied with 60 kHz SCS. HARQ processing time conforms to UE capability 1 with no additional DMRS. Other simulation assumptions follow latest RAN1 agreement. The simulation results of DL portion with a DL/UL mixed traffic are provided in Figure 3.
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Figure 2: Illustration for transmission with multiple starting points within per slot 
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Figure 3. Average UPT(Mbps) performance comparisons for flexible multiple points within per slot.
It is observed that schemes with 60 kHz SCS outperform those with 15 kHz SCS. The reason is that while the single wideband CC with 60 kHz SCS in 80 MHz has a similar overhead for guard tones compared with 4 CCs CA and 15 kHz SCS, it benefits from a reduced defer time, a short round trip time in HARQ and fast MCS adjustment. However, further increasing channel access opportunities by enabling starting from any symbol brings only marginal gain. It can be observed that for 15 kHz SCS the scheme c (14 start opportunities within a subframe) can only achieve a marginal performance gain compared with scheme b (7 start opportunities within a subframe ), and for 60 kHz SCS scheme a (8 start opportunities within a subframe ) is flexible enough compared with the other 2 schemes. Note that UE requires more blind detection when more starting points are applied. Therefore, it is not necessary to support more than 8 starting points within a subframe considering the UPT performance gain and UE complexity. In addition, it can be observed that increasing the SCS provides more gain than decreasing the gap between candidate starting points for a given SCS.
Observation 2: Allowing around 8 transmission start opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Proposal 3: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
3.1 Flexible start position for PDSCH
When a UE is configured with a BWP of 60 kHz SCS, the UE can assume starting opportunities being limited to every 7-OS mini-slot with 60 kHz SCS naturally.  
When a UE is configured with a BWP of 15/30 kHz SCS, two alternatives can be considered. UE always assumes starting opportunities with 7-OS mini-slot of 60 kHz SCS, and falls back to the configured SCS for the rest slots within a COT as plotted in figure 4(a). The other alternative is to configure consecutive short mini-slots with same BWP SCS, e.g. 2-OS mini-slot with 15 kHz SCS or 4-OS mini slot with 30kHz, as plotted in figure 4(b). If LBT is successful on the 7th OS, 3 mini slots of 2OS will be transmitted. In slot n, the gNB may schedule data as slot based type if it has enough time for scheduling and baseband processing. Regarding that the less number of OFDM symbols in a mini-slot, the higher DMRS overhead is, 7-OS mini slot with 60kHz SCS would have less overhead to achieve flexible start point. 
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(a) flexible start points with multiple SCS
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(b) flexible start points with uniform mini slot
Figure 4:  flexible start points when BWP of 15kHz SCS is configured 
Considering there are only 3 mini slot length (2,4 and 7 OS) supported in R15, the DMRS overhead of the  uniform mini-slot scheme can be reduced by preparing 4 PDSCHs with length of 2, 4, 7 and 14 (full slot) symbols respectively. The various combinations of 3 PDSCHs using mini slot are illustrated in Figure 5, they show how multiple start positions can be realized. Compared with uniform mini slot scheme, fewer mini-slots need to be prepared at the gNB side. Besides, the overhead for the control channel and RS can be kept lower when larger mini-slot durations are applied. Note that all the possible starting position candidates by combining 3 mini-slot lengths provide sufficient starting points and scheduling flexibility for PDSCH transmission. 
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Figure 5:  flexible start point with non-uniform mini slot 
Proposal 4: When a UE is configured with a BWP of 60 kHz SCS, starting from every 7-OS mini-slot with 60 kHz SCS should be supported.

Proposal 5: When a UE is configured with a BWP of 15/30 kHz SCS, the following two alternatives should be considered to allow multiple starting points in the first slot where LBT succeeds:

· Starting from every 7-OS mini-slot with 60 kHz SCS and falling back to the configured SCS for the remaining slots within a COT.

· Non uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols with the configured SCS.

There are two ways the gNB can handle the mini-slot/slot transmissions which are occupied by the LBT procedure, either to discard or to postpone. Different choices might have different impacts on the design of common control signaling and periodic signals. For example, the multiple COT structure indication might be needed in every mini-slot if discarding option is considered while only one COT structure indication is needed in the first mini-slot if deferring scheme is used. The detection of periodic signaling such as CSI-RS will be different when distinct options are considered. The sequences on the DMRS of PDSCH and PDCCH for the slot/mini slot may also be impacted as they are related to slot/symbol index in NR R15.
Proposal 6: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The mini-slot/slot(s) is discarded if LBT fails on corresponding mini-slot/slot(s).
· Option 2: mini-slot/slot(s) transmission is deferred until the LBT succeeds and the mini-slot(s) beyond slot boundary is(are) punctured.
3.2 Flexible start position for PUSCH transmission
In FeLAA unlicensed spectrum operation, multiple starting and ending positions in a sub-frame for uplink on the SCell with Frame structure type 3 are supported, where a UE may start at symbol #0 or symbol #7 depending on the outcome of LBT. The TBS is determined as for the full sub-frame regardless of the starting point and the first 7 symbols are punctured when transmission starts at symbol #7. This simplifies the complexity of UE implementation and gNB scheduling because if the TBS was scaled according to the start position of PUSCH, e.g. symbol #7, the UE would have to re-encode and re-modulate half of the transport block, and push the other half back to MAC. 
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Figure 6   FeLAA scheme of multiple starting points for uplink transmission
In order to support multiple starting positions of PUSCH transmission in NR-U, a similar scheme can be considered to reduce complexity in both UE and gNB. TBS should be decided by total scheduled symbols within a slot and no TBS scaling is considered when only part of the scheduled symbols are transmitted.

Proposal 7: To reduce complexity in UE and gNB side, it is preferred in NR-U for PUSCH transmission that despite the uncertainty of LBT outcome, the TBS is determined according to the full scheduled symbols regardless of the starting point and no extra TBS scaling is considered.
4 Signal for DL/UL burst identification and COT indication
4.1 DL/UL Burst identification
NR system supports to start transmissions aligned with mini-slots, which have much finer granularities (e.g. 2/4/7 OFDM symbols are now being considered in DL). Therefore NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels. One arising issue along with the flexible starting point of DL/UL transmission is identification of DL/UL burst. In DL, unnecessary PDCCH blind-decoding could be avoided since it imposes high requirement of UE capability and greatly decreases battery life of the device. In UL, gNB can determine the number of OS in PUSCH actually transmitted by UE. The UL RE granted but not used could be excluded from the decoding for better HARQ combination. 

One way to determine the presence of DL burst is based on detecting cell specific identification signals. Although it costs additional overhead, dedicated identification signals could provide extra functionalities, such as fine synchronization and phase tracking. SSS or CSI-RS configured as tracking RS can be candidates. An alternative approach is through detection of DMRS associated with PDCCH. Wideband DMRS should be considered since the DMRS sequence should be sufficiently long to guarantee detection reliability. Front-loaded DMRS in PUSCH can also help gNB to identify the start point of PUSCH. 

An identification signal should be transmitted at the beginning of a DL/UL burst. Multiple transmissions of identification signal in time and frequency domain can provide additional detection reliability and indicate actual transmission bandwidth which is further explained in our companion tdoc [3]. 
The current sequence generation of DMRS and CSI-RS in NR R15 depends on the index of the slot and the symbol where the RS is located. gNB needs to prepare multiple versions of the identification signal or regenerate it in a short time repeatedly after it is contending for channel access, as it does not know when channel access succeeds. In order to simplify the implementation of gNB, it is better to make DL/UL identification signal not depend on time such that gNB can generate the DL/UL identification signal only once and then wait for channel access. 

Proposal 8: DL/UL burst identification signal should be supported in NR-U.
4.2 Indication of COT structure
The UE could benefit from the information about the DL/UL configuration of the MCOT. By identifying the DL portion of MCOT, UEs only need to monitor DL control information in the DL portion(s) instead of every slot in a MCOT. This would reduce the UE power consumption and it would also help the UE to average the CSI measurement.  In addition, by identifying the UL portion of MCOT, it would facilitate the UE to use one-shot LBT for UL transmission within a COT without per UE signaling of LBT type, which saves signaling overhead.  

Currently, semi static DL/UL configuration by RRC signaling is already supported in both LTE and NR licensed band. However, in unlicensed band the COT structure could vary frequently due to uncertainty of LBT result and interference environment in unlicensed band. Thus, a semi-static configuration might not be suitable and a dynamic configuration would be preferred instead. In general, COT structure indication could be carried in a common control channel in NR licensed design to indicate DL/UL configuration. For example, COT structure indication could be transmitted in every COT or every several COT. Moreover, COT structure indication could also be transmitted and updated within a COT for multiple times in order to increase UE detection reliability, where later indication could overwrite previous indication. 
Proposal 9: NR-U shall support indication of the COT structure. 

· FFS: Details of the indication mechanism.

4.3 Multiple transmission within the COT

Signal for DL burst identification and COT structure indicator could be transmitted together at the start of COT. The COT structure indicator could be carried in a GC-PDCCH or a specific field in the DL burst identification signal. UE will first blind detect dedicated identification signal before it starts to monitor PDCCH. UE will try to acquire the COT structure information after the successfully detect the DL burst identification signal. 
The DL burst identification and COT structure indicator can be transmitted by multiple times in case some UE might miss detection. If the UE detected the dedicated identification signal but failed to decode COT structure indication, UE knows the existence of a DL burst, so it can keep monitoring CORESET for another COT structure information or a DL/UL assignment DCI until the possible MCOT time specified in the regulation runs out. Considering UE will miss all resources allocated to it within the COT when missing the DL burst identification signal, the signal could be further sent on a per slot basis, similar as CRS in LTE LAA. Furthermore, the identification signal at the very beginning of COT could be different from follow-up per-slot identification signals to indicate existence of COT indication information.
Proposal 10: NRU should consider transmitting multiple DL burst identification and COT indication within a COT.
5 Conclusions
In this contribution, we discussed the frame structure and scheduling in NR-unlicensed band based on current agreements for NR licensed band, and have the following observations and proposals: 

Observation 1: The single carrier wideband operation can achieve better UPT performance compared to CA operation.

Observation 2: Allowing around 8 transmission start opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Proposal 1: NR should support component carrier bandwidth larger than 20 MHz with the subcarrier spacing up to 60 kHz in sub-7GHz in unlicensed band. 
Proposal 2: Extended CP for 60 kHz SCS is still necessary in sub-7GHz unlicensed band.
Proposal 3: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.

Proposal 4: When a UE is configured with a BWP of 60 kHz SCS, starting from every 7-OS mini-slot with 60 kHz SCS should be supported.

Proposal 5: When a UE is configured with a BWP of 15/30 kHz SCS, the following two alternatives should be considered to allow multiple starting points in the first slot where LBT succeeds:

· Starting from every 7-OS mini-slot with 60 kHz SCS and falling back to the configured SCS for the remaining slots within a COT.

· Non uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols with the configured SCS.

Proposal 6: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The mini-slot/slot(s) is discarded if LBT fails on corresponding mini-slot/slot(s).
· Option 2: mini-slot/slot(s) transmission is deferred until the LBT succeeds and the mini-slot(s) beyond slot boundary is(are) punctured.
Proposal 7: To reduce complexity in UE and gNB side, it is preferred in NR-U for PUSCH transmission that despite the uncertainty of LBT outcome, the TBS is determined according to the full scheduled symbols regardless of the starting point and no extra TBS scaling is considered.
Proposal 8: DL/UL burst identification signal should be supported in NR-U.

Proposal 9: NR-U shall support indication of the COT structure. 

· FFS: Details of the indication mechanism.

Proposal 10: NRU should consider transmitting multiple DL burst identification and COT indication within a COT.
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Appendix
	Simulation scenario
	Indoor Sub-7GHz, 3+3 TRPs with indoor mixed office model (a-b-a = 20-40-20)

	Carrier Frequency
	5GHz

	Number of users per operator
	5 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	DL/UL mixed traffic, FTP3 with packet size of 0.5Mbyts for both DL and UL traffic.
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