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[bookmark: _Ref298777854][bookmark: _Toc458153810]Introduction
[bookmark: _GoBack]In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· 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
In this contribution we discuss means to realize procedures for initial access, mobility and radio link monitoring by introducing a discovery reference signal (DRS) in NR similar to the LAA DRS introduced in Rel-13. Further we discuss its potential composition and scheduling. This is a revision of R1-1802777.

[bookmark: _Toc458153811]Discussion
Support of unlicensed operation both stand-alone as well as in combination with licensed spectrum is an essential requirement for NR. Due to some specific characteristics and regulatory requirements of using unlicensed spectrum, e.g., coexistence with other systems, uncertainty of channel availability and transmit power restrictions, etc., some technology components need to be specifically designed as compared with those for licensed spectrum. Especially in this contribution we will focus on synchronization signal (SS) transmissions, delivery of minimum system information, radio link monitoring and paging. 
One important design principle of NR has been that the design should be flexible enough to be able to operate in a wide range of frequency bands and deployments. In addition, achieving a design that is as lean as possible in terms of always-on signals has also been an important factor. Both these design principles are of great benefit when adapting the NR design to operate well in unlicensed spectrum.
When operating in unlicensed spectrum it is important to minimize always on transmissions and to concentrate them in time as much as possible. Minimizing always on transmissions reduces interference both within a network and towards other networks. Concentrating transmissions in time instead of spreading them out has the benefit that the number of times a node needs to contend for the medium is minimized.
Observation 1 [bookmark: _Ref481497456]For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.

To this end, 3GPP introduced a Discovery Reference Signal (DRS) in Rel-13 LAA. The Rel-13 DRS can be seen as a grouping of the already existing LTE signals PSS, SSS, CRS and CSI-RS. The same reasoning that lead to the introduction of a DRS in Rel-13 LAA can also be applied to NR when operating in unlicensed spectrum (NR-U). Introducing a concept like the Rel-13 Discovery Reference Signal in NR allows channel access rules to be specified for the set or group of signals/channels that the DRS is composed of, instead of doing it for each signal/channel individually. Note that this does not imply introducing new signals/channels but rather to introduce a grouping of them with a potentially different interpretation of some of the configurations. In addition, it allows for the specification of a time/frequency domain structure suitable for unlicensed spectrum, for example avoiding transmission gaps within the DRS. Thus, we make the following proposal:
[bookmark: _Toc510767968]For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
NR defines two types of synchronization signals; PSS and SSS and one broadcast channel; PBCH. Further PSS, SSS and PBCH are transmitted in one SS/PBCH block [2]. One or multiple SS/PBCH block(s) can be transmitted within one SS/PBCH period. 
System Information (SI) is divided into Minimum SI and Other SI. Minimum SI is periodically broadcast and comprises basic information required for initial access and information for acquiring any other SI broadcast periodically or provisioned on-demand, i.e. scheduling information. The Other SI encompasses everything not broadcast in the Minimum SI and may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE [6]. 
The Minimum SI is transmitted over two different downlink channels using different messages (MasterInformationBlock and SystemInformationBlockType1). The term Remaining Minimum SI (RMSI) is also used to refer to SystemInformationBlockType1. Other SI is transmitted in SystemInformationBlockType2 and above [6].
The MasterInformationBlock (MIB) is always transmitted on the BCH (carried on PBCH) with a periodicity of 80 ms and repetitions made within 80 ms and it includes parameters that are needed to acquire SystemInformationBlockType1 (SIB1) from the cell [3].
The SystemInformationBlockType1 (SIB1) is transmitted on the DL-SCH (carried on PDSCH). SIB1 includes information regarding the availability and scheduling (e.g. periodicity, SI-window size) of other SIBs. It also indicates whether they (i.e. other SIBs) are provided via periodic broadcast basis or only on-demand basis.  If other SIBs are provided on-demand then SIB1 includes information for the UE to perform SI request [3].
For RRM measurements in NR, the SS/PBCH Block is used for DL based RRM measurements for L3 mobility in IDLE/INACTIVE state. For CONNECTED state RRM measurements for L3 mobility, CSI-RS can be used in addition to SS/PBCH Block [4].
For radio link monitoring in NR, the UE can be configured with a set of resource indexes. Each resource index is associated (through higher layer signaling) with either a CSI-RS resource configuration or an SS/PBCH block [5].
For a UE to perform initial access, RRM measurements and radio link monitoring, it requires the gNB to transmit at least one SS/PBCH block and SIB1. In addition, to make full use of the RRM measurement and radio link monitoring framework specified in NR, CSI-RS also need to be transmitted. Considering Observation 1, it is preferable if all these signals are transmitted in close in time to each other and with the same channel access rules. Thus, to facilitate initial access, IDLE/INACTIVE/CONNECTED mode mobility and radio link monitoring in NR-U we make the following proposal:
[bookmark: _Toc510767969]The NR-DRS consists at least of:
- One or multiple SS/PBCH Block(s)
- SIB1 carried by PDSCH
- (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM

For UEs in IDLE/INACTIVE mode monitoring paging, it is beneficial from a power consumption point of view if the paging message is transmitted close in time to the NR-DRS. Thus, for full scheduling flexibility and given sufficient time/frequency resources are available it is beneficial if NR-U supports multiplexing of NR-DRS and paging. Allowing multiplexing of paging and the NR-DRS is also in line with Observation 1. We thus make the following proposal: 
[bookmark: _Toc510767970]Study how to support multiplexing of NR-DRS and paging. 

NR supports the following SS/PBCH Block periods {5, 10, 20, 40, 80, 160} ms [3]. In Rel-13 LAA the supported DRS periodicities are 40 ms, 80 ms and 160 ms, thus considering Observation 1 we make the following proposal: 
[bookmark: _Toc510767971]Support NR-DRS periodicities of [40 ms, 80 ms and 160 ms].


[bookmark: _Toc458153812]Conclusion
In this contribution, we discussed the introduction of an NR-DRS and its potential content and scheduling. Based on the discussion we have made the following proposals:
Proposal 1	For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
Proposal 2	The NR-DRS consists at least of: 
- One or multiple SS/PBCH Block(s) 
- SIB1 carried by PDSCH 
- (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM
Proposal 3	Study how to support multiplexing of NR-DRS and paging.  
Proposal 4	Support NR-DRS periodicities of [40 ms, 80 ms and 160 ms].
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