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1 Introduction

This contribution is a revision of R2-1806837. It includes additional information on random access and  DRX.

In RAN2 #93 [2] it was agreed that “changes needed to configured grants should be studied”. Furthermore, random access was studied and it was agreed that “Both CBRA and CFRA are supported. Changes for NR-U operation will be studied” and “4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress”. 
In this contribution, we discuss possible scheduling enhancements to support NR operation in unlicensed spectrum. Such enhancements are identified as being part of the required functionality for some or all deployment scenarios as explained in [6].
2 Listen-before-talk operation
In RAN1 #93 [3], it was agreed that “LTE-LAA channel access mechanism is adopted as baseline for 5/6GHz” and that “Further enhancements not precluded”. 
Listen-before-talk (LBT) operation is a basic requirement for operation in unlicensed spectrum and is mandated by regulation in most frequency bands. The requirement to perform LBT before transmission applies to both network and UE. In LTE, the need to perform LBT justified the introduction of enhancements for both DL and UL operation. 

For the DL, the UE needs to support reception of PDCCH more frequently than every 1 ms to avoid that the network loses access to the channel while waiting for the subframe boundary. In NR R15 the UE can already be configured to monitor PDCCH more frequently which means that further enhancements may not be required. 
For the UL, the UE generally needs to perform LBT before any transmission which means that enhancements to support this functionality are required. Several aspects need to be taken into consideration.

As NR supports QoS differentiation through e.g. LCP it would be natural to consider differentiation of LBT parameters (such as the maximum size of the contention window) for different logical channels or logical channel groups. Such differentiation is particularly important in the standalone scenario for which there is no licensed carrier available to carry latency-sensitive traffic.
Proposal 1: Consider means to adapt LBT operation for NR-U to efficiently support differentiated services.

Another aspect is that NR supports operation with multiple bandwidth parts (BWP). As described in [7], such operation could be extended to allow a UE to select a BWP for which LBT has succeeded (among its configured set of BWPs), thus reducing latency.
Proposal 2: Consider selection of BWP based on channel availability for NR-U.
3 Autonomous uplink transmissions
With scheduled PUSCH transmissions on an unlicensed carrier the network first needs to gain access to the channel to transmit PDCCH and then the UE needs to perform LBT again prior to transmitting on the resource. Such procedure tends to increase latency especially when the channel is loaded. To improve on this situation a mechanism of “autonomous uplink transmission” was introduced in R15 for LTE. In this mechanism, the UE is pre-allocated a resource for transmission similar to UL SPS and performs LBT prior to using the resource. A similar mechanism would be very beneficial for NR-U as well. Such mechanism could be based on the Configured Grant functionality (Type 1 and/or Type 2) introduced in R15.
Proposal 3: NR-U supports PUSCH transmission using configured resources.
In NR R15 the timing of a PUSCH transmission or retransmission is tied to the HARQ process identity by a formula. Reusing the same approach in NR-U would mean that the UE may have to wait for a long time to perform a retransmission especially for medium to high channel load as other transmitters are likely to utilize the channel before the slot corresponding to the right HARQ process occurs. Similar to LTE, this issue can be solved by supporting transmission of HARQ process identity (as UCI). This enables the UE to use the first available transmission opportunity irrespective of the HARQ process. Furthermore, in RAN1 #93 [3], it was agreed that modifying configured grants by introducing UCI on PUSCH to carry HARQ process ID, NDI and RVID is beneficial.
Proposal 4: NR-U supports transmission of HARQ process identity as part of uplink control information.
4 HARQ-ACK

Since transmitting UCI depends on when PUCCH or PUSCH is available, the delay of reporting HARQ ACK feedback for downlink transmissions on the NR-U cell can be variable, especially in standalone mode. HARQ feedback may be reported within the same MCOT on which DL transmissions occurred after a short LBT. However, if the channel is busy after DL transmissions, the HARQ feedback delay can be variable. Signalling a K1 HARQ feedback delay does not guarantee that the UE will be able to provide HARQ feedback after K1 slots.

Such variability in the feedback delay may require aggregation of HARQ feedback for multiple downlink transport blocks in unlicensed operation. It was agreed in RAN1 #93 [3] that “When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes”. For example, in high channel occupancy conditions in SA mode, the network may provide an UL grant immediately after DL transmissions within the same MCOT, and indicate to the UE to suppress feedback for the involved HARQ processes until the UE is polled. Once the gNB determines that the channel is clear, the gNB sends the trigger signal to the UE to provide aggregate feedback for the suppressed HARQ processes. The UE may then report HARQ feedback for the polled HARQ process(es) of a HARQ entity.
Proposal 5:
NR-U supports indication to the UE to supress feedback for one or multiple HARQ process until polled by the gNB.

In addition to providing feedback upon polling, it may be beneficial in NR-U operation to configure the UE to suppress HARQ feedback until a certain number of retransmissions are performed. For instance, the UE can be configured to provide feedback for a given downlink HARQ process only after x retransmissions. This can be beneficial when the channel is exhibiting interference on the downlink, which can be common in unlicensed operation due to the hidden node problem. The UE in such case reduces the amount of times it occupies the channel  or the required number of switching points within an MCOT, just to report NACKs in bad channel conditions. This also provides improved coverage and reliability at a low overhead cost on the uplink control channel. 

Proposal 6:
The UE can be configured to generate DL HARQ feedback for a given HARQ process after a configured number of retransmissions.

5 RA Procedure
Random access for an NR-U cell is needed in NR-U standalone mode, as well as in the LTE-NR deployment scenario, as discussed in [6]. To satisfy requirements, LBT may be required prior to the transmission of PRACH preambles. Unlike in licensed spectrum where PRACH capacity is determined as a function of preamble collisions, in unlicensed scenario, PRACH capacity is also impacted by channel acquisition. That is to say that a first UE acquiring a channel for preamble transmission may block other UEs from using the same PRACH resources even for different preamble transmission. Given that UEs are not uplink synchronized prior to random access, it is not possible to synchronize LBT procedures for all UEs wishing to transmit a preamble. Our companion contribution [4] proposes to use gNB polling of UEs to enable simultaneous use of a PRACH resource by multiple UEs.
Proposal 7: The UE is allowed to transmit Msg 1 without LBT or with short LBT after being polled by the gNB.
Given that any preamble, RAR, msg3, or msg4 transmissions is subject to LBT, a 4-step random access procedure requires four independent LBT procedures prior to the respective transmission. Therefore, applying the 4-step RACH procedure to NR-U cells causes unnecessary delays. Instead, a two-step RA procedure requires only two LBTs and is thus preferable from a latency perspective.
Proposal 8: A random access procedure in an NR-U cell is performed using two steps.

Depending on RAN1’s preamble design for NR-U, Msg 1 is likely to be subjected to the OCB requirement, possibly on a certain subset of the carrier’s bandwidth. Since the preamble transmission itself may not need the total amount of bandwidth required to satisfy the OCB requirement, the UE may leverage the remaining bandwidth to include a data payload part of Msg 1 instead of inserting padding bits. The UE may include useful information that is typically carried in Msg 3, or any other information that is implied by PRACH resource or preamble selection in a typical NR random access procedure. For example, the Msg 1 data payload may include a UE identity, an SSB identity, a BSR, or an indication of an UL resource type.

Proposal 9: NR-U supports inclusion of a data payload in Msg 1 of a 2-step random access procedure.

Since the UE receives the timing advance in Msg 2, the UE may use a stored TA or use a TA based on previously used TA values when transmitting Msg 1 with data. A common NR-U deployment uses NR-U as an Scell in the form of a small cell for additional network capacity. Such deployment does not need highly granular TAs or any at all. 

6 Discontinuous Reception

DRX is used as a tradeoff between UE power saving and reachability. In NR-based licensed cell, a common DRX configuration per MAC entity is applied. The DRX configuration controls a ratio of time in a cycle when the UE should monitor the control channels to determine if it is being scheduled by the cell.
In licensed access, the tradeoff between reachability and UE power saving when using DRX is a function of the amount of time in a cycle that a UE is in the ON duration . On the other hand, in NR-U reachability can be impacted by the network being unable to acquire the channel to transmit to a UE. As such, a UE could interpret a lack of a DCI in an ON duration to imply no scheduling, when in fact, the network was unable to transmit the scheduling DCI. If the UE proceeds with its DRX cycle as in licensed operation, the scheduling DCI may suffer from very high latency. To mitigate this, one could increase the ON duration. However, this could lead to unnecessarily high UE power consumption.
Our companion contribution [5], proposes that the gNB transmit a channel acquisition indication to its UEs, during their ON duration such that the UEs can determine whether lack of DCI is due to LBT failure or lack of DL data. Furthermore, it is proposed to use adaptable DRX cycles based on the reception, or lack thereof, of a transmission during an ON duration.
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Figure 1. Dynamic DRX cycle duration

Figure 1 gives an example where the DRX cycle duration depends on whether the UE has received a transmission indicating that the channel was acquired during a previous ON duration. This ensures that if a UE doesn’t detect any activity during an ON duration, it will return to that state more quickly and thus increase its reachability by the network once the channel becomes available again.
Proposal 10: In NR-U, the UE applies a certain DRX configuration depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration.

7 Conclusion
This contribution discussed possible scheduling enhancements to support NR operation in unlicensed spectrum. The following proposals are made:
Proposal 1: Consider means to adapt LBT operation for NR-U to efficiently support differentiated services.

Proposal 2: Consider selection of BWP based on channel availability for NR-U.
Proposal 3: NR-U supports PUSCH transmission using configured resources.

Proposal 4: NR-U supports transmission of HARQ process identity as part of uplink control information.

Proposal 5:
NR-U supports indication to the UE to supress feedback for one or multiple HARQ process until polled by the gNB.

Proposal 6:
The UE can be configured to generate DL HARQ feedback for a given HARQ process after a configured number of retransmissions.

Proposal 7: The UE is allowed to transmit Msg 1 without LBT or with short LBT after being polled by the gNB.
Proposal 8: A random access procedure in an NR-U cell can be performed using two steps.

Proposal 9: NR-U supports inclusion of a data payload in Msg 1 of a 2-step random access procedure.

Proposal 10: In NR-U, the UE applies a certain DRX configuration depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration.
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