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1 Introduction

Operations on both licensed and unlicensed bands ranging up to 100GHz are in the scope of NR. In RAN meeting #75 a new SID RP-170828 [1] on NR-based Access to Unlicensed Spectrum was approved. Both NR based licensed assisted access (LAA) and standalone access (SA) are in the scope. In the category of LAA, three deployment scenarios are addressed, i.e., NR+NR-U with carrier aggregation(CA), NR+NR-U with dual connectivity (DC) and LTE+NR-U with dual connectivity.

In this contribution, we mainly discuss the deployment scenarios and potential design issues for both LAA and standalone operation on unlicensed bands from RAN1 perspectives. This is a revision of R1-1800042.
2 Deployment scenarios

MBB offloading is the basic scenario for NR-U. NR-based LAA mode can provide efficient offloading by carrying the best effort MBB data traffic in unlicensed bands while maintain control signalling and high QoS traffic in licensed bands. Large available bandwidth support high throughput with low cost. The reliability and responsiveness in licensed bands ensure QoS requirement for critical transmission. Operators could choose either CA or DC mode depending on the synchronization between licensed bands and unlicensed bands. When NR and NR-U are collocated, CA mode is preferred. If NR-U node is non-collocated with NR node or NR-U node are expected to offload LTE traffic, DC mode is preferred. NR-U standalone mode provides additional flexibility in the deployment where there is no licensed band available, e.g. vertical/industries usages.
In LAA CA mode, the design of LTE LAA/eLAA can be taken as reference. The Discovery Reference Signal (DRS) in LTE LAA is used to let UE know whether the LTE LAA component carrier is on or off. It consists of at least PSS, SSS and CRS. NR-U could also design the DRS taking SS Block (SSB) transmission in licensed band as reference. In LAA DC mode, the random access and UCI should also be supported in unlicensed band because there is no assumption of synchronization between licensed band and unlicensed band. For standalone operation, additional features, such as system information acquisition and paging, should be fulfilled on unlicensed bands as well as those supported in LAA CA and DC modes. 
Proposal 1: NR-U should at least support LAA modes, including CA and DC.
3 Potential design issues

It is better to reuse current NR design in licensed bands [2] as much as possible to reduce the standard efforts. However, due to some spectrum characteristics and regulatory requirements, e.g., uncertainty of channel availability due to Listen-Before-Talk (LBT) and the ratio between Occupied Channel Bandwidth (OCB) and nominal channel bandwidth, specific designs are required to make the following features compatible with unlicensed band operation. It includes:
·  SSB/DRS transmission (used by LAA CA/DC and SA)

·  Measurement (used by LAA CA/DC and SA)
•
Random access (used by LAA DC and SA)
•
UCI transmission (used by LAA DC and SA)
•
Paging (used by SA)
3.1 SSB/DRS transmission
For NR licensed band operation, it was agreed that PSS/SSS/PBCH are present consecutively in each of the maximum L SSB per SS burst set within a 5ms window. The maximum transmission bandwidths of SSB are [3.6 7.2 28.8 57.6] MHz with [15 30 120 240] KHz subcarrier spacing respectively. And SS burst set periodicity is configurable from the set of {5, 10, 20, 40, 80, 160} ms. 

The mapping of SSB time locations within a slot is FFS for NR unlicensed band operation. Actually transmission of an SSB block may be skipped due to LBT failure, which leads to the inefficiency of UE beam detection. This may impact the design of the time-window size and the periodicity of SS burst set as well as the configuration of the number of SSB per SS burst set. DMTC window used in LTE LAA can also be considered in NR-U to increase the transmission opportunities of SSB. 
Also the current NR design for the transmission bandwidth of SSBs did not consider the OCB requirement. If there is PDSCH multiplexed with SSB, OCB requirement may be easily fulfilled. Otherwise, for SSB only transmission, the maximum transmission bandwidth of SSB is obviously narrower than that of the nominal channel bandwidth on unlicensed bands in most cases. In this case, new design of SSB in frequency domain may be required.

Similar as Beacon frame in WiFi and DRS in LAA, SSB could access the channel with high priority, e.g. LBT CAT2. And consecutive transmission of several SSBs could save LBT overhead. How many SSBs could be transmitted consectuviely depends on the duration of each SSB and the Maximum Channel Occupancy Time (MCOT) after a successful LBT. 
Observation 1: SSB transmission on unlicensed bands is subject to LBT and OCB requirement. And the current design of NR SSB on licensed bands may not be fully reused.

Proposal 2: SSB/DRS transmission of NR-U could be modified from the design of NR licensed by taking LBT and OCB into consideration.
3.2 Measurement
Due to the uncertainty of channel access opportunities on unlicensed bands, periodic measurement and report may not be feasible, e.g., periodic UL SRS and periodic DL CSI measurement and report. Furthermore, the measurement result in one MCOT may not be effective in another MCOT especially if the interval between the two MCOTs is too long. Actually, even if two MCOTs are close enough, the interference condition on the same unlicensed band may fluctuate strongly and be unpredictable. Also, the transmit power of the measurement signals across different MCOTs may be not constant depending on different channel occupancy bandwidth. Another issue is how to identify the existence of reference signals for channel measurement at the receiver side.
Observation 2: Periodic channel measurement for both DL and UL may not be feasible. The validity period of measurement result may be very limited.

3.3 Random access
NR supports multiple RACH preamble formats, including at least RACH preamble formats with longer preamble length (839) and shorter preamble length (127 or 139). In last RAN1#89 meeting, the longer preamble length of 839 with 1.25KHz SCS was defined to support cell radius up to 14.5Km or even 100Km. The formats of the shorter preamble have not been finally decided. 

For unlicensed band operation, the cell range is generally smaller than that of licensed band operation due to limited transmission power and power spectral density (PSD) constraint. Thus, the shorter preamble seems more suitable to the relative small cell range supported by unlicensed bands.

Observation 3: RACH preamble design for unlicensed band operation mostly target smaller cell ranges than those for licensed band operation.

RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is assumed for NR from physical layer perspective. Both 2-step and 4-step RACH procedures were proposed. Especially for 4-step RACH procedure, LBT may need to be performed for four times. LBT failure leads to degraded RA performance. And possible LBT failure before transmitting RACH preamble may impact the configuration of RACH resource in time domain. Thus, high-priority channel access with short LBT is preferred for RA.

Observation 4: LBT may lead to degraded RA performance.

RACH preamble transmission needs to fulfill the regulatory requirement of OCB, and thus new PRACH design may be required. In Rel-14 eLAA, several types of PRACH design were proposed such as frequency-domain repetition of a licensed band preamble, DMRS repetition in time domain with frequency-domain interlacing, and frequency-domain interlaced mapping of a licensed band preamble. The study in eLAA provides a reference for the design of NR unlicensed PRACH. Additional unlicensed bands, wider operating bandwidth as well as multiple SCSs of PRACH preamble should be considered.

Observation 5: Specific design of PRACH is required to fulfill the OCB requirement and the study of PRACH in eLAA could be a start point.

Proposal 3: Design of RACH preamble and procedure for unlicensed band operation should take the supported cell range and the impact of LBT as well as the requirement of OCB into consideration.
3.4 UCI transmission
UCI (e.g., ACK/NACK, SR, CSI) could be transmitted via PUCCH or multiplexed with data via PUSCH. Different from eLAA where UCI is reported via the primary cell on licensed bands, UCI transmission on unlicensed bands should be supported for standalone operation. Currently both short-duration PUCCH and long-duration PUCCH are supported and still being studied in NR to cater for different requirements of UCI payload and cell coverage. NR has agreed to support dynamic indication and semi-static configuration of PUCCH resource. This manner may be further enhanced for dual connectivity mode and standalone unlicensed band operation where UCI transmission on PUCCH is subject to LBT. LBT failure makes the UE unable to report the required UCI timely and so deterministic report timing may be no longer suitable. Moreover for DL HARQ-ACK operation, gNB cannot distinguish the case that UE does not receive a DL transmission from the case that UE receives the DL transmission but does not report ACK/NACK due to LBT failure. 

To lighten the impact of LBT, it is better to apply high-priority channel access for PUCCH especially for short-duration PUCCH. Actually, if UCI could be reported closely following a DL transmission or within a DL-triggered MCOT, shorter or even no LBT may be possible. For UCI multiplexed with data via PUSCH, interlaced-RB allocation for PUSCH has been adopted in eLAA to fulfill the OCB requirement. For UCI only transmission via PUCCH, similar interlacing waveform may also be used on PUCCH.
Proposal 4: Flexible timing of UCI transmission should be supported by NR NR-U LAA DC and standalone operation.

3.5 Paging

Generally a paging cycle is defined to allow UEs to wake up at predefined time slots to receive possible paging message. The paging configuration could be cell specific or UE specific. NR has already agreed to support paging for RRC idle mode where paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH. For paging message transmission on unlicensed bands, again the problem of uncertainty of channel availability makes paging DCI hard to be sent out at the predefined time slot. That is, UEs may miss its paging message.

Observation 6: Paging occasion on unlicensed bands may be blocked due to LBT failure.
4 Conclusion

In this contribution, we discussed the deployment scenarios and specific design considerations for NR-based licensed assisted access and standalone operation on unlicensed bands mainly considering the impact of spectrum characteristics and regulatory requirements. Based on the discussion, the following observations were made:
Observation 1: SSB transmission on unlicensed bands is subject to LBT and OCB requirement. And the current design of NR SSB on licensed bands may not be fully reused.
Observation 2: Periodic channel measurement for both DL and UL may not be feasible. The validity period of measurement result may be very limited.

Observation 3: RACH preamble design for unlicensed band operation mostly target smaller cell ranges than those for licensed band operation.

Observation 4: LBT may lead to degraded RA performance.

Observation 5: Specific design of PRACH is required to fulfill the OCB requirement and the study of PRACH in eLAA could be a start point.

Observation 6: Paging occasion on unlicensed bands may be blocked due to LBT failure.
According to these observations, we propose that:
Proposal 1: NR-U should at least support LAA modes, including CA and DC.
Proposal 2: SSB/DRS transmission of NR-U could be modified from the design of NR licensed by taking LBT and OCB into consideration.
Proposal 3: Design of RACH preamble and procedure for unlicensed band operation should take the supported cell range and the impact of LBT as well as the requirement of OCB into consideration.
Proposal 4: Flexible timing of UCI transmission should be supported by NR NR-U LAA DC and standalone operation.
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