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Introduction
The SID for NR-unlicensed includes 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; 
The above study will address the following architectural scenarios (RAN2): 
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required
Following the Study Item objectives, the NR licensed design will be the baseline for NR-unlicensed design. Only changes that are essential for unlicensed operation will be introduced. 
In this paper, we discuss a few aspects that we believe are essential for efficient NR-unlicensed operation. The areas covered include:
· Channel access robustness
· Broadcast and paging control channel protection
· System Information delivery

Discussions
2.1	SMTC for Channel Access Robustness
Access on unlicensed spectrum is typically granted after a listen-before-talk (LBT) procedure. Bands subject – for technical, regulatory, or coexistence requirements - to LBT procedures [1], experience non-deterministic timing for critical channels.
On one hand, as in LTE-LAA, broadcast downlink channels used for cell detection, RRM, paging may not occur at deterministic times. LBT can further preclude deterministic occasions for initial (or subsequent) uplink access. Examples of bands where LBT requirements exist are:
· the 5 GHz band considered for LTE-LAA [2]
· 60 GHz: subject to omni LBT under ETSI rules [1]

Observation 1.1: In LBT bands, deterministic timing cannot be expected for downlink and uplink channels used for cell detection, RRM, paging and (initial, possibly subsequent) uplink access.
To ensure predictable and robust user experience, LTE-LAA made use of a RS discovery window (DMTC) to protect discovery RS. A DMTC mechanism has a series of benefits, amongst which:
· Synchronous cochannel NR operators can increase robustness by orthogonalizing their DMTC windows (by, for instance, user lower-priority LBT or avoid transmission altogether in coexisting operators’ DMTC)
· gNB can use a higher-priority LBT access to increase the chance of RS transmission in DMTC, in coexistence or asynchronous deployment scenarios.

In addition to RRM/cell discovery reference signals (RS), standalone and dual-connectivity (DC) architectures require protection of additional channels and signals: paging, essential broadcast (including PBCH and RMSI), PRACH. Ensuring these channels’ robustness is crucial to providing a consistent and seamless user experience: high likelihood and low latency in channel access.
Observation 1.2: Robust transmission of RRM reference signals, as well as paging, essential broadcast (including PBCH, RMSI) and PRACH is essential to ensure high quality, reliable user experience in SA and DC architectures.
Similar to the LTE-LAA DMTC concept, a simple coexistence mechanism is preferred to both reuse Rel-15 NR design [3], as well as take advantage of the advanced functionality in Rel-15 NR. We think that NR SMTC can be a foundation for signalling a predictable resource set in which UE (and other nodes) can detect and acquire robust DL signals. This will be called SMTC-U in the sequel. RAN nodes would deliver DL transmissions in this resource set with a higher likelihood of success (e.g. one-shot LBT, or shorter Contention Window).
Proposal 1.1: RAN2 should study SMTC-U protection as a starting point for ensuring channel access robustness, akin to LAA-DMTC, for SSB, essential broadcast, and paging channels.
Additional NR functionality (e.g. mini-slot granularity, BWP) can be further considered as RAN1 deems appropriate to ensure robustness in contention medium, to further refine SMTC-U (SMTC for NR-U)
 


Figure 1: (Figure 7.2.1.2-1 from 36.889): discovery window options considered for DMTC-LAA, as starting point for SMTC-U
A robust protection mechanism should not make fundamental assumptions on inter-cell synchronizations. While synchronous networks in contention environments can be further optimized, the robust signalling of protected DL and UL channel resources shall allow asynchronous deployments for both intra and inter-operator neighbour cells.
Proposal 1.2: SMTC framework should also be studied for signalling protected resources for asynchronous (intra-operator and inter-operator) cell deployments.
For bands not currently subject to LBT requirements (e.g. CBRS), RAN1 is expected to develop a coexistence mechanism. From a design simplicity perspective, uniform design is preferred for both LBT and non-LBT-based access. 
Proposal 1.3: RAN2 should aim for a uniform design of robust channel access protection mechanisms to address both LBT and non-LBT based medium contention.
2.2 System Information
RAN1 agreed to consider the following deployment scenarios [4]:
	· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)



The delivery of system information delivery is necessary in NR stand-alone (SA) and beneficial in EN-DC architectures. While SFN/SSB index and basic cell barring information can be extracted from SSB, UE requires RMSI information for – at least – initial cell access (e.g. pdcch-ConfigCommon, pucch-ConfigCommon, etc) as in NR licensed.
In 5GHz, for instance, high-priority medium access is subject to stringently short TxOP (e.g. 1ms for one-shot LBT, 2 ms for priority-1 LBT). For this reason, it is important to multiplex important signals in frequency domain, to efficiently use SMTC-U resources.

[image: ]
Figure 2: RMSI / SSB multiplexing options in NR Rel-15
Only RMSI/SSB TDM (Pattern 1) is available in FR1, while patterns 1, 2, 3 are allowed in FR2. Prohibiting the FDM-ing of SSB and RMSI may not make effective use of channel resources, or power spectrum regulatory restrictions [6].
Observation 2.1: RMSI/SSB FDM is not available in FR1.
Proposal 2.1: RAN2 should work with RAN1 to ensure that channels essential for access and considered for access protection can be efficiently multiplexed in unlicensed bands.
Since rapid RMSI acquisition is crucial for at least RRC_IDLE or RRC_INACTIVE mobility, RMSI should benefit from robust channel access protection, as observed in section 2.1.
Additional system information relevant to cell discovery and inter-cell mobility should also be subject to fast acquisition and robust channel access protection:
· higher-layer information (e.g. PLMN identity, access control and slice information) that ensures UE reselects to the correct same-operator cell) – expected to be added to NR Rel-15 standalone.

Proposal 2.2: In addition to RMSI, System Information relevant to fast and efficient cell re/selection (such as neighbour cell information) should be subject to robust channel access protection.

2.3 Paging
Fast paging (for MT calls, or to notify UE of system information changes) is crucial for the user experience. Furthermore, system information change notification is relevant to DC architecture. For this reason, the paging channel should benefit from robust channel access protection, as observed in section 2.1.
Unlike in licensed bands, where paging occasions can be limited to specific subframes, LBT or other contention-based erasure may impact single-slot paging occasions. It is important to ensure a high likelihood of UE receiving pages; at the same time, robust paging designs should not unduly impact UE power efficiency or increase paging latency.
Proposal 3.1: NR Rel-16 should minimize the likelihood of paging misdetection due to LBT.
2.4 RACH
Subsequent to cell acquisition, NR-U must ensure robust uplink access for seamless user  experience. For this purpose, UE uplink access (at least for initial and mobility purposes) can also benefit from robust channel access protection, by mapping RACH occasions to a protected window. 
Proposal 4.1: RAN2 should study robust RACH channel protection for NR-U, at least for RACH mapped from SSB.
Proposal 4.2: Robust RACH protection should be achieved by mapping RACH occasions to a protected uplink access window.
2.5 Illustration (SMTC-U and robust channel multiplexing)
An illustration of the role of SMTC-U in an NR-U multi-operator deployment is drawn in Figure 3. In this example (which does not show non-3GPP technologies), operator 1 does not transmit in the SMTC-U for operator 2, and vice-versa.
[image: ]
[bookmark: _Ref510610801]Figure 3: Illustration of SMTC-U coordination between NR-U deployments (two operators)
In Figure 4, frequency and time multiplexing of SSB with RMSI, critical SI and paging is illustrated for SCS 15 kHz. RAN1 would need to consider how inter-SSB gaps and LBT interact. In this illustration, robust DL channels are sent in inter-SSB gaps:
[image: ]
[bookmark: _Ref510613614]Figure 4: Illustration of multiplexing SSB with other robust DL channels (for Rel-16)

2.6 Inter-operator coordination
Certain deployments can benefit from inter-operator coordination. For instance, where inter-operator cells benefit from GNSS synchronization, robust access resources can be orthogonalized in the time domain (as illustrated in Figure 3). 
Proposal 6.1: RAN2 to ensure signalling of robust access resources is simple and interchangeable between co-channel operators. RAN2 to further work with RAN1 where necessary to study any further inter-operator coordination mechanisms.

Conclusions
The proposals and observations made in this contribution are summarized below.
Observation 1.1: In LBT bands, deterministic timing cannot be expected for downlink and uplink channels used for cell detection, RRM, paging and (initial, possibly subsequent) uplink access.
Observation 1.2: Robust transmission of RRM reference signals, as well as paging, essential broadcast (including PBCH, RMSI) and PRACH is essential to ensure high quality, reliable user experience in SA and DC architectures.
Proposal 1.1: RAN2 should study SMTC-U protection as a starting point for ensuring channel access robustness, akin to LAA-DMTC, for SSB, essential broadcast, and paging channels.
Proposal 1.2: SMTC framework should also be studied for signalling protected resources for asynchronous (intra-operator and inter-operator) cell deployments.
Proposal 1.3: RAN2 should aim for a uniform design of robust channel access protection mechanisms to address both LBT and non-LBT based medium contention.
Observation 2.1: RMSI/SSB FDM is not available in FR1.
Proposal 2.1: RAN2 should work with RAN1 to ensure that channels essential for access and considered for access protection can be efficiently multiplexed in unlicensed bands.
Proposal 2.2: In addition to RMSI, System Information relevant to fast and efficient cell re/selection (such as neighbour cell information) should be subject to robust channel access protection.
Proposal 3.1: NR Rel-16 should minimize the likelihood of paging misdetection due to LBT.
Proposal 4.1: RAN2 should study robust RACH channel protection for NR-U, at least for RACH mapped from SSB.
Proposal 4.2: Robust RACH protection should be achieved by mapping RACH occasions to a protected uplink access window.
Proposal 6.1: RAN2 to ensure signalling of robust access resources is simple and interchangeable between co-channel operators. RAN2 to further work with RAN1 where necessary to study any further inter-operator coordination mechanisms.
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