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In RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. One justification for such proposal is based on the vast unlicensed spectrum available worldwide. This was also a justification to initiate LTE-based LAA. Another justification is the flexible frame structure and numerology that NR has, which could also be brought to unlicensed access. 
The WI description [1] highlights the following objectives: 
· “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;”
This contribution addresses some general considerations regarding data transmission and acknowledgements for standalone NR operation in unlicensed spectrum.
Uplink Multi-User Access  
To support uplink multi-user access, time division multiple access (TDMA) or frequency division multiple access (FDMA) may be considered. 
In LTE-LAA, B-IFDMA waveform is supported in UL and DCI format 0A/0B/4A/4B can be used to schedule multiple users to share the spectrum concurrently. Basic mechanisms to support both TDMA and FDMA were provided. In LTE-LAA, an eNB may schedule UL transmissions for a UE in unlicensed band. The UE may access the channel by performing UL channel access procedure. Two types of UL channel access procedures are supported [2]: 
· Type 1 UL channel access procedure (LBT with random back off): After sensing the channel to be idle during a defer duration Td, a random back off with a contention window of variable size is performed. 
· Type 2 UL channel access procedure (LBT without random back-off): The UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval Tshort_UL=25µs.  

With type 1 UL channel access procedure, UL TDMA is a natural choice and FDMA is hard to implement since a UE may defer transmitting once it senses a sufficient energy level over the air. This means at each time, only one UE may be able to transmit to the eNB. With type 2 UL channel access procedure, FDMA may be theoretically possible if multiple UEs transmit 25µs after sensing the channel to be idle. However, unless the UEs can’t sense each other or they are perfectly synchronized, a UE may detect transmission from other UEs right before its transmission and thus defer to it. In LTE-LAA, most of the synchronization mechanisms are performed in licensed band and, therefore, inaccurate timing is expected in unlicensed band. In summary, it may be difficult to implement FDMA even with type 2 UL channel access in LTE-LAA.   
In IEEE 802.11n/ac, OFDM is the only waveform for both DL and UL transmission. Thus, multi-user channel access is with TDMA format but not FDMA. In the latest 802.11ax spec draft [2], to achieve better spectral efficiency, OFDMA is supported and a trigger based uplink transmission is defined. The trigger based UL MU operation allows an access point to solicit simultaneous responses from one or more stations immediately. 
UL TDMA is easy to be implemented, especially with LBT procedures; however, it may not be very efficient in terms of scheduling since only one user can transmits each time. It may also not be a good scheme for traffic with low latency requirements. Moreover, LBT procedures, which can be considered to be overhead to the system, are performed for each UL transmission. This reduces the system spectral efficiency. 
UL FDMA, on the other hand, is more flexible and easier to support for traffic with low latency requirements. However, UL FDMA requires good time synchronization among all the users. Therefore, extra reference signalling or mechanisms may be needed for UEs to estimate and correct timing/frequency offset. Moreover, to implement UL FDMA, the LBT procedure specified for LTE LAA may need to be modified. For example, an UL MU access scheme may require LBT for the initial DL transmission, and no LBT or limited LBT to be performed before UL transmissions.   

Proposal 1: Concurrent uplink multiple access right after a DL transmission should be investigated in NR-U.
Efficient Data Transmission
In unlicensed band, transmissions from different NR-U devices and devices using other RATs may have to share the spectrum in a fair way. Due to regulatory constraints, the LBT procedure is one of the key system components enabling fair sharing of the spectrum with multiple RATs. However, the LBT procedure is overhead. More fragmented transmissions may require more frequent LBT procedures and thus reduce the spectral efficiency for the entire network. Therefore, aggregated transmissions which may require limited LBT or no LBT in between are more preferred than small fragmented transmissions. For a single user, multiple transmissions may be aggregated together. For a DL (or UL) transmission burst, transmissions to (or from) multiple users better to be aggregated together. Moreover, multiple DL and UL transmissions can be aggregated to achieve higher spectral efficiency. To ensure fairness among multiple RATs, the duration for the aggregated transmission should be restricted to regulatory limits.  
In LTE-LAA, UL transmissions without gaps was introduced in Release 14. If the UE is scheduled to transmit without gaps in a set of subframes n0, n1, …, nw-1, and the UE performs a transmission in subframe nk after Type 1 or Type 2 uplink channel access, the UE may continue transmission of subframes after nk where . This enables a UE to transmit over multiple subframes in an aggregated way. 
To improve channel access efficiency in unlicensed spectrum, the concept of transmission opportunity has been used in IEEE 802.11 where a device reserves the channel for a relatively long period for DL/UL transmissions. At the beginning of a transmission opportunity, a device needs to sense the channel according to an LBT procedure and the responding device is also subject to an LBT procedure (to protect potential ongoing frame exchanges near the responding device). This protection mechanism may be reached via a preparation stage that includes handshaking between the two or more devices. Within the transmission opportunity, limited LBT or no LBT may be needed before each transmission, and thus, scheduling based transmissions and periodical transmissions may be possible within the transmission opportunity. The transmission opportunity concept improves channel access efficiency as well as fulfils some delay requirements and, therefore, should be investigated for standalone NR operation in unlicensed spectrum.

Proposal 2: Transmission opportunity concept should be investigated for standalone operation in NR unlicensed spectrum.
Data Transmission and HARQ Acknowledgment
Due to uncertainty in channel access, transmissions may have to be delayed when the channel is occupied during the operation of an NR-U device. For standalone transmission, this means the HARQ-ACK transmission may be delayed when the channel is occupied. Figure 1.(a) shows an example where the last UL transmission may include PUSCHs which are not acknowledged during the first transmission opportunity. The gNB, after performing an LBT procedure again, secures a second transmission opportunity within which HARQ-ACKs for the last PUSCH in the first transmission opportunity may be carried. For this operation, the gNB and the UEs may need to maintain the buffers to keep the corresponding receive/transmit transport blocks. Due to the non-deterministic duration between the two transmission opportunities, there would be additional complexity and ambiguity for the UE and gNB. In an alternative method, the HARQ-ACK transmissions may be included in the same transmission opportunity, i.e. in a self-contained transmission opportunity. As shown in Figure 1.(b), one or several symbols of the last slot of the transmission opportunity is used to carry acknowledgement. This method requires the gNB and UEs to prepare HARQ-ACK transmissions within a short time.  

Proposal 3: Self-contained transmission opportunity should be studied in standalone NR unlicensed spectrum.
 


[bookmark: _Ref503354749]Figure 1: Example of HARQ-ACK transmission within a transmission opportunity
RV Values and HARQ Retransmissions
An autonomous uplink transmission (AUL) and HARQ procedure for enhanced LTE-based LAA is currently under discussion for the latest release [3]. We propose that the mechanisms of the AUL introduced in LTE-based LAA be studied for possible adoption in NR unlicensed operation. We note that NR has added new features which may impact on the operation of the AUL. For instance, NR utilizes capacity approaching Low Density Parity Check (LDPC) codes for data channel transmission while LTE utilizes Turbo codes. Due to the different channel coding schemes, the AUL HARQ schemes designed for LTE may need to be revisited for NR unlicensed transmissions. 

Proposal 4: Autonomous uplink transmission should be considered for NR unlicensed spectrum.
Four Redundancy Versions (RVs) are supported for HARQ transmissions in NR (where a subset of the RV set is self-decodable with good performance). Data channel transmissions in unlicensed spectrum are more vulnerable to collision or interference due to the nature of contention based transmission. In the worst-case scenario, reception failure due to collision/interference may corrupt transmissions enough to be unusable for HARQ combining. Therefore, self-decodable RVs may be preferred for retransmission.

Proposal 5: Self-decodable RV sequence should be considered for NR unlicensed spectrum.

Conclusions
In this contribution, we reviewed some of the topics of data and acknowledgement transmissions for NR operation in unlicensed spectrum. We propose the following: 
Proposal 1: Concurrent uplink multiple access right after a DL transmission should be investigated in NR-U
Proposal 2: Transmission opportunity concept should be investigated for standalone operation in NR unlicensed spectrum. 
Proposal 3: Self-contained transmission opportunity should be studied in standalone NR unlicensed spectrum.
Proposal 4: Autonomous uplink transmission should be considered for NR unlicensed spectrum.
Proposal 5: Self-decodable RV sequence should be considered for NR unlicensed spectrum.
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