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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 60GHz. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. The SID includes the following objectives:
SID RP-170828:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In this contribution, we discuss frame structure and scheduling aspects for NR-U (NR-based access to Unlicensed Spectrum). 
 Frame structure
Discussion on applicable SCS for NR-U
In licensed band, multiple subcarrier spacing (SCSs) can be selected to support NR transmission. For example, for NR sub-6G licensed band, 15/30/60 KHz SCS are supported, and for above-6G licensed bands, 60 KHz and 120 KHz can be selected for data transmission. 
For sub-6G unlicensed bands, e.g., 5GHz, the 15KHz SCS with normal CP length is supported in LTE, and the same SCS could also be supported in NR unlicensed access to achieve similar coverage and performance as LTE. Meanwhile, if a larger SCS is applied, the symbol duration will be shorter and some benefits could be achieved for operation on unlicensed bands. For example, a larger SCS can facilitate the single wideband carrier operation and the shortened symbol duration is beneficial to enhance unlicensed spectrum utilization and reduce transmission latency. Hence, multiple SCSs as in licensed band should be supported on unlicensed bands besides 15 KHz. Furthermore, for NR on 6 – 7 GHz unlicensed bands, similar SCSs as sub-6G can be supported.
For above-7G unlicensed bands, e.g., 60GHz, the available bandwidth is very large. The WiFi systems use 2.16 GHz per channel. Accordingly, for coexistence with such system, SCSs larger than those for licensed bands below 52.6GHz, e.g., 240/480/960 KHz or even larger SCS may be considered to extend the bandwidth of single carrier. However, further study should be considered together with other aspects such as LBT schemes.
Proposal 1: 
· For NR access on sub-6GHz unlicensed bands, multiple SCSs as in licensed band should be supported.
· For NR access on 6 – 7 GHz unlicensed bands, similar SCSs as sub-6GHz can be supported.
· For NR access on 60GHz unlicensed bands, the SCSs larger than 240 KHz can be further studied.
MCOT frame structure/slot configuration
In licensed band, NR supports dynamic and semi-statically configured UL/DL configuration or slot configuration and the configuration period can be {1, 2, 4, 5, 10, 20} ms.  The semi-static DL/UL assignment is done via cell-specific and UE-specific RRC configuration. With the cell-specific configuration, the UE is allocated a DL-unknown-UL pattern. The “unknown” resources are flexible resources that can be assigned DL or UL direction using UE-specific configuration or dynamic signaling. The UE-specific RRC signaling or dynamic signaling includes the indication as per slot basis that can override the “unknown” allocation in the cell-specific configuration. Resources in the slot configuration that are without DL/UL indication remain flexible resources. 
For NR-U, dynamic and semi-statically configured UL/DL configuration as in licensed band can also be considered. For example, some semi-static UL/DL assignments can be used to indicate DL slots for UE to receive SSB, and some other slots can be assigned for UE to transmit PRACH or AUL/grant free data. If gNB perform LBT successfully on the semi-statically configured DL slot, gNB can override the unknown resource through DCI format 2_0 dynamically.
Besides, the frame structure design in NR-U should be flexible and efficient enough to make use of the MCOT. For example, more than one bi-directional slot or DL-to-UL switch points should be included in the MCOT to reduce the scheduling and feedback delay.  However, more DL-to-UL switch points means more gap to perform LBT upon every change of transmission direction and the resource may be wasted or the channel may be lost during this time. Therefore the tradeoff between fast direction switching and overhead should be further studied in possible use cases. 
Proposal 2: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· Limited the number of DL-to-UL switch points within the MCOT.
Multiple slot durations in an MCOT
In Rel-13 LAA, the eNB can only start transmission at slot boundaries (symbol 0/7) with 15 KHz subcarrier spacing. The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which is the overhead of LAA system. Consequently, the overhead of reservation signal should be reduced to a minimum.
Different NR-U slot types including slot and mini-slot (non-slot-based scheduling) can be utilized to minimize the reservation signal length. The NR gNB or UE should be able to send DL/UL TX burst as soon as possible whenever it finishes LBT/CCA, resulting in different slot duration. As illustrated in Figure 1, the gNB can choose the type of first slot i.e. mini-slot based on LBT/CCA success location and slot boundary, and then select the type of following slots with a larger size e.g. slot. The type of last slot(s) is/are chosen according to maximum COT restriction and the time which has been already occupied. In Figure 1, the rest of the maximum COT is not enough for a normal slot, but enough for two whole mini-slots.


Figure 1: multiple slot durations in an MCOT
For DL, as CORESET can be configured to start from any symbol, therefore gNB can start downlink transmission from the nearest symbol after a successful LBT if CORESET is configured to start from any symbol, where reservation signal can be minimized. For UL, NR support non-slot based PUSCH scheduling and the start symbol is dynamically DCI indicated. Therefore, the UE can only transmit PUSCH from the symbol according to the indication. However, this position may not well matched with the nearest symbol with UE LBT success time. Therefore, more reservation signal may be needed compared with DL. If AUL/grant free is introduced in NR-U, gNB can configure UE with multiple candidate uplink start transmission symbol by RRC, the UE can transmit PUSCH from the nearest configured symbol after a successful channel access, and gNB can perform blind detection on uplink data according to the configuration, then the resource utilization can be improved. 
Proposal 3: multiple slot durations can be considered to minimize overhead of reservation signal and improve spectrum efficiency.
Flexible bandwidth transmission
In licensed band, NR support transmissions with wide bandwidth, such as 100 MHz or 200 MHz. As we know, BWP aspect was introduced in NR and the typical bandwidth size of BWP is 20 MHz and resource allocation is based on BWP. A reasonable assumption is that LBT should be executed with a BWP granularity rather than an entire wider bandwidth, which means that NR-U can occupy one BWP with 20 MHz bandwidth independently rather than have to occupy a whole wider bandwidth carrier with multiple BWPs. 
Besides, NR support flexible carrier bandwidths with different SCS. Similar flexible bandwidth operations with wide bandwidth on unlicensed bands should also be considered for NR-U. For example, before transmission on an unlicensed carrier, the device shall apply LBT to make sure the target carrier is clear. When performing channel access procedures for a wider bandwidth, BWP based LBT scheme can be considered, and gNB can determine or adapt the transmission bandwidth based on the LBT results. Therefore the transmission bandwidth can be flexible. For UL, it is also beneficial for NR-U to support UL transmissions with flexible bandwidth, such as the UEs can decide their transmission bandwidths based on their own LBT’s outcomes, and it can also achieve flexible bandwidth occupancy and the spectrum utilization efficiency can be maximized.
Proposal 4: flexible bandwidth transmission combined with LBT results should be studied to maximize the band utilization efficiency.
 Scheduling aspects
 Scheduling/HARQ
[bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK7]Currently NR supports flexible DL/UL scheduling and HARQ feedback timing, i.e. the timing between PDCCH and PDSCH and the timing between PDSCH and HARQ-ACK, or the timing between PDCCH and PUSCH and the timing between PUSCH and HARQ-ACK. The timing can be indicated in the DCI. However, due to LBT, an UE may not be able to access the unlicensed channel at the time schedule for PDSCH/PUSCH transmission or ACK/NACK feedback according to the timing indicator. Therefore, NR-U should consider the LBT influence on PDSCH/PUSCH and the HARQ-ACK transmission. Especially, unlike LAA, UCI transmission on unlicensed bands should be supported for NR DC and standalone operation. Therefore, further enhancement for UCI transmission should be studied due to LBT impact. Or asynchronous HARQ with necessary enhancement should be supported in unlicensed bands. For example, to lighten the impact of LBT, it is better to apply higher-priority channel access category for UCI transmission. 
Proposal 5: Necessary enhancement for scheduling/HARQ timing should be considered for NR unlicensed band operation. 
 NR-U AUL/grant free transmission
Autonomous uplink access (AUL) with frame structure type 3 is being specified in Rel-15 FeLAA WI. Meanwhile, grant-free was also discussed in Rel-15 for NR UL data transmission. Compared with the grant-based access, both AUL and grant-free have the following advantages: energy efficiency on UE side, very low cost/complexity with UE design, reduced signalling overhead and transmission latency. These advantages are also the goals that NR-U needs to achieve. Thus AUL/grant free could be considered for NR-U UL transmission, and some enhancements considering NR unique characteristic should be studied.
For example, in FeLAA, AUL UE can initiate an MCOT and eNB can share the MCOT to transmit DL control information to the UE which acquired the COT within remaining COT and the UL-DL-UL sharing is not supported constrained by frame structure 3. However, in NR, as flexible frame structure is allowed, the transmission scheme as illustrated in Figure2 below can be supported for NR-U to improve the MCOT utilization efficiency. In this figure, the red represents a gap for gNB or UE performing LBT, and if the gap is <16us, LBT may not needed according to the ETSI regulation.


Figure 2: Frame structure in a MCOT initiated by AUL UE
For NR-U, frequency reuse is a mechanism that has to be adopted especially in massive connectivity or dense deployment scenarios. We can use the non-orthogonal multiple access (NOMA) mechanism for NR-U to improve the frequency reuse factor and reduce the impacts due to UL collision. Meanwhile, further studies should be performed on how to support multiple access considering LBT influence.
Proposal 6: Autonomous UL access, grant-free UL transmission and NOMA mechanism should be considered for NR-U UL transmission.
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995] Conclusion 
In this contribution, we discuss the frame structure and scheduling aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: 
· For NR access on sub-6GHz unlicensed bands, multiple SCS as in licensed band should be supported.
· For NR access on 6 – 7 GHz unlicensed bands, similar SCSs as sub-6G can be supported.
· For NR access on 60GHz unlicensed bands, the SCSs larger than 240 KHz can be further studied.
Proposal 2: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· Limited number of DL-to-UL switch points within the MCOT.
Proposal 3: multiple slot durations can be considered to minimize overhead of reservation signal and improve spectrum efficiency.
Proposal 4: flexible bandwidth transmission combined with LBT results should be studied to maximize the band utilization efficiency.
Proposal 5: Necessary enhancement for scheduling/HARQ timing and data transmission should be considered for NR unlicensed band operation. 
Proposal 6: Autonomous UL access, grant-free UL transmission and NOMA mechanism should be considered for NR-U UL transmission.
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