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1. Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
In this contribution, we consider potential changes and enhancements needed for physical layer procedures for NR unlicensed scenarios. We consider the following procedures:
· Channel access
· Random access
· HARQ feedback
· RRM
2. Channel access 
2.1 Coexistence method for different frequency bands
As unlicensed spectrum is a shared and open resource, every terminal with the same or different RATs should have the equal rights to access the channel. Therefore, coexistence methods are key design features for NR-based operation in unlicensed spectrum. According to the SID, the 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.
On 5 GHz unlicensed spectrum, NR unlicensed can use LTE-LAA LBT procedures as a baseline solution. This ensures fair co-existence with WiFi as well as minimized related standardization and implementation effort. On the other hand, for GHz unlicensed bands, “greenfield” channel access design could be considered, taking into account the Wi-Fi systems that also expected to start to use this spectrum and other incumbent systems (such as fixed satellite services (earth-to-space) and fixed services (links)) that have already been deployed widely. On mmWave bands (e.g. 37 GHz and 60 GHz), Listen-Before-Talk based channel access may not be very suitable anymore, especially when highly directive beamforming is applied, and channel access framework requires further study.
Our detailed views on channel access for NR Unlicensed are summarized in [2].Further considerations related to different unlicensed bands is available in [3].
2.2 UL Channel access enhancement
In Rel-15 LTE LAA WI, RAN1 concluded that the benefits of supporting autonomous uplink access in unlicensed spectrum include: 
1. UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission; 2. UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where few nodes contend for the channel. 
With the similar purpose, autonomous UL access should be studied and supported in NR unlicensed operation.
Proposal 1: Autonomous UL access should be studied and supported in NR unlicensed operation.
With the experience of LAA/eLAA channel access design, we find that energy detection based LBT procedure may suffer from hidden node issue. As shown in Figure 3, the gNB A and the gNB B cannot sense each other due to outside the sensing range. Whereas, the UE A is able to sense both gNBs. Before the gNB A transmits UL grant to the UE, the gNB senses the channel to be idle with LBT category 4 procedure, although gNB B is transmitting data to UE B. After receiving the UL grant, UE A may sense the channel to be busy, when it performs 25 us one-shot LBT before its UL transmission. Hence, the scheduled UL resources are wasted due to failed UL LBT, which may suffer the UL performance dramatically and result in inefficient spectrum utilization. 
Observation 1: Hidden nodes may reduce UL channel access probability in unlicensed spectrum


Figure 3. Hidden node issue for UL transmission in unlicensed spectrum.
To minimize the impact of hidden nodes on UL transmission, an over-booked UL scheduling and channel access can be considered. More specifically, the gNB could schedule UL transmissions from different UEs on the same time-frequency resource. By managing different transmission starting positions, collisions caused by overbooking can be reduced, and UL access probability is increase. Alternatively, with fast energy detection based on necessary signals, the gNB can identify the colliding UEs.
Proposal 2: Overbooked UL transmissions can be considered to increase UL access probability
3. Random Access
NR supports in Rel-15 a 4-step RACH procedure. A 2-step procedure could be a tempting approach to minimize LBT overhead and reduce latency in unlicensed operation. However, 2-step procedure would also improve licensed operation in small cell scenarios and thus it is considered that any generic improvement like the 2-step procedure should be developed for licensed NR and then potentially adopted to unlicensed as well. For the time being, 4-step RACH procedure should still be the baseline for NR-Unlicensed.
Proposal 3: NR 4-step RACH procedure is a starting point for NR unlicensed.
It is clear that in stand-alone operation both contention-based and contention-free RACH procedures are needed. However, non-standalone contention-based RACH is also required e.g. in cases when SR procedure fails or when TA timer expires. Furthermore, in initial PSCell addition the network may omit the configuration of contention-free RACH resources.

Proposal 4: Support both contention-based and contention-free RA procedures in NR unlicensed. 

In NR, the transmission opportunity for Msg1 (preamble) or Msg3 is scheduled by the gNB, and the UE can certainly transmit Msg1 or Msg3 at the scheduled opportunity. However, on unlicensed spectrum, the scheduled transmission opportunity of Msg1 or Msg3 can be frequently blocked by LBT failure or flexible UL/DL scheduling. The UE has to wait for the next transmission opportunity to try again. It obviously increases the latency of performing RACH procedure. To avoid unacceptable increase in random access latency, enhancements for the scheduling of Msg1 and Msg3 transmission opportunities are needed.   

Proposal 5: Scheduling scheme of transmission opportunities of Msg1 and Msg3 shall be enhanced to reduce the latency caused by LBT failure or flexible UL/DL scheduling
4. HARQ feedback
NR unlicensed SI will address architecture scenarios where NR LAA cell connects with LTE anchor cell on licensed band using Dual-Connectivity or NR cell operates standalone in unlicensed spectrum. In such cases it is not possible to transmit HARQ feedback via licensed band, and HARQ feedback needs to be transmitted over unlicensed spectrum. 
 
Flexible HARQ feedback determination & timing being defined in NR Release 15 forms the natural baseline for HARQ feedback in NR unlicensed. It has 
· inbuilt support for highly flexible TDD configurations, and 
· Support for self-contained operation (depending on the UE capability).

On the other hand, when operating in NR Unlicensed band scenario, channel contention creates additional challenges: channel contention may delay HARQ feedback unpredictably, and hidden node problem and bursty interference may cause occasional HARQ feedback detection failures. We see that latency jitter and system complexity could be minimized if all HARQ feedback can be transmitted in the same shared COT as the associated PDSCHs as channel is likely vacant immediately after a DL burst. This can be seen as a self-contained COT (c.f. self-contained slot). The principle of the self-contained COT is shown in Figure 1. We think that NR unlicensed study item should try to find solutions to support self-contained COT with reasonable UE complexity. However, we also see that self-contained COT imposes aggressive processing time requirements to UE, and we think that also UEs with more modest processing capabilities should be considered. Hence, a preferred solution should be able to accommodate both self-contained COT operation as well as HARQ feedback with more relaxed timing. One of the challenges of such codebook design is that HARQ feedback timing for ACK reported in following COT is unknown at the time of PDSCH scheduling. Codebook design based on HARQ process ID obviously solves such problems, but at price of large codebook size – especially when CBG based transmission and carrier aggregation are used. On the other hand, Rel-15 dynamic codebook can also easily extended to cover situations where HARQ feedback contains ACKs for PDSCHs in multiple COTs and results in significantly smaller codebook size.
Proposal 6: Strive for a solution that supports both
· all HARQ-ACK feedback is transmitted within in the same shared COT as the associated PDSCHs
· part of HARQ-ACK feedback is associated to PDSCHs transmitted in earlier COT.

Observation 2: Rel-15 dynamic HARQ-ACK codebook serves as a good starting point for the HARQ-ACK feedback design. 
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Figure 1. Principle of the self-contained COT.

On unlicensed band, there is always risk that HARQ feedback transmission is blocked by UE LBT (if UE LBT is required for HARQ feedback) or corrupted by hidden node transmission starting during PUCCH. To efficiently recover from such error cases, we see that a fallback mechanism offering a second opportunity for HARQ feedback transmission is needed. HARQ feedback pulling (i.e. triggering) mechanism can be sufficiently flexible and robust as such fallback and, hence, we see that a mechanism for gNB to pull HARQ feedback from UE should be investigated during SI. As the pulled HARQ-ACK feedback occurs with ambiguous timing relation to the associated PDSCHs, we see that HARQ-ACK codebook based on the HARQ process IDs can be a good starting point for investigations on pulled HARQ-ACK feedback. 

Proposal 7: Support a mechanism for gNB to pull HARQ-ACK feedback from UE

Observation 3: HARQ-ACK codebook based on HARQ process ID serves as a good starting point for pulled HARQ-ACK feedback design. 
5. RRM
Based on the outcome of the discussion in RAN1#92 meeting, the NR-U study items should address carrier aggregation (CA), dual connectivity (DC, both EN-DC and NR-DC), as well as standalone (SA) deployment scenarios. To be applicable to a large variety of DC and SA deployment scenarios, including architecture options that do not require tight synchronization between nodes, the NR-U study item should also introduce support for RRM measurements on unsynchronized NR-U cells.

Proposal 8: Introduce support for RRM measurements on both synchronized and unsynchronized NR-U cells.

The baseline Rel-15 NR specifications introduce the concept of SS block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. The NR SMTC framework presents several similarities with the LAA DRS measurement timing configuration (DMTC) framework, which was introduced in Rel-13 LAA to handle the time unpredictability in the transmission of DRS for the purpose (among others) of performing RRM measurements. 

We expect that the NR SMTC framework can be largely reused in NR-U to handle the uncertainty introduced by LBT on the transmission of reference signals for mobility and RRM purposes. 

Proposal 9: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

However, the NR SMTC framework may need to be modified or extended for operation in unlicensed spectrum. For example:

· Depending on the agreed NR-U DRS design, a new set of SMTC window durations and/or periodicities may need to be defined for operation in unlicensed spectrum.

· In NR, CSI-RS measurements can be configured with a given periodicity and offset (either relative to the serving cell timing or to a specific SSB of the measured cell), but the “duration” of a CSI-RS occasion is fixed to one slot. Since LBT may prevent the gNB from to transmitting CRS-RS in the corresponding slot, the SMTC framework may need to be extended to also cover CSI-RS-based RRM measurements (basically introducing a window of opportunity for the transmission on CSI-RS for mobility purposes). 

· The SMTC framework may also need some modifications to enable the UE to detect and measure unsynchronized NR-U cells. This may especially be true for RRM measurements requiring measurement gaps, and in cases the minimum DRS periodicity in an NR-U cell is larger than the maximum SMTC window and/or measurement gap duration that can be configured to the UE.
Proposal 10: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.

The considerations and proposals in this section apply to RRM measurements in both RRC connected mode and idle/inactive mode.
6. Conclusions
In this contribution, we have discussed potential changes and enhancements needed for physical layer procedures for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
Channel access 

Proposal 1: Autonomous UL access should be studied and supported in NR unlicensed operation.
Observation 1: Hidden nodes may reduce UL channel access probability in unlicensed spectrum
Proposal 2: Overbooked UL transmissions can be considered to increase UL access probability
Our detailed views on channel access for NR Unlicensed are summarized in [2].

Random Access

[bookmark: _GoBack]Proposal 3: NR 4-step RACH procedure is a starting point for NR unlicensed.
Proposal 4: Support both contention-based and contention-free RA procedures in NR unlicensed. 

Proposal 5: Scheduling scheme of transmission opportunities of Msg1 and Msg3 shall be enhanced to reduce the latency caused by LBT failure or flexible UL/DL scheduling

HARQ feedback

Proposal 6: Strive for a solution that supports both
· all HARQ-ACK feedback is transmitted within in the same shared COT as the associated PDSCHs
· part of HARQ-ACK feedback is associated to PDSCHs transmitted in earlier COT.

Observation 2: Rel-15 dynamic HARQ-ACK codebook serves as a good starting point for the HARQ-ACK feedback design. 

Proposal 7: Support a mechanism for gNB to pull HARQ-ACK feedback from UE

Observation 3: HARQ-ACK codebook based on HARQ process ID serves as a good starting point for pulled HARQ-ACK feedback design

RRM

Proposal 8: Introduce support for RRM measurements on both synchronized and unsynchronized NR-U cells.

Proposal 9: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

Proposal 10: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.
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