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Introduction
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
· [bookmark: _GoBack]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; 
In this contribution we discuss physical layer channel design to fulfil these study item objectives. 
[bookmark: _Ref178064866]Discussion
Interlace Design for Uplink Channels
Two requirements are commonly found in regulations for operation in unlicensed spectrum: (1) Occupied channel bandwidth, and (2) Maximum power spectral density (PSD). The occupied bandwidth requirement is expressed as the bandwidth containing 99% of the power of the signal, and it shall be between 80% and 100% of the declared Nominal Channel Bandwidth [2]. Maximum PSD requirements exist in many different regions. For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 spec requires 10 dBm/MHz for 5150-5350 MHz. The implication of the PSD requirement is that without a proper physical layer signal design, a signal with small transmission bandwidth will be limited in transmission power. This can negatively affect coverage.
This has been solved for LTE-based LAA by introducing frequency domain interlaced transmissions in the UL. This allows a UE to transmit with higher power (and, to a lesser extent, to satisfy the occupied channel bandwidth requirement) even when the scheduled bandwidth need is small. It is expected that NR also adopts a similar design philosophy in order to support unlicensed operations.
[bookmark: _Toc506553713][bookmark: _Toc510442129][bookmark: _Toc510442770][bookmark: _Toc510449521][bookmark: _Toc510450965][bookmark: _Toc510452865][bookmark: _Toc510731127][bookmark: _Toc510731374][bookmark: _Toc510775724]Support a frequency domain interlaced structure for uplink physical channels and reference signals for NR-U
In contrast to LTE-based LAA, it is expected that there will be a need for more interlace options for NR, since the system bandwidth is more flexible and multiple subcarrier spacings (SCSs) are supported. This will require, for example, flexibility in the number of interlaces and the number of PRBs per interlace.
As described in more detail in a companion paper on interlaced design for NR-U uplink [3], we propose adopting several design criteria: sufficiently high output power, flexible resource allocation, reasonable signalling overhead, and PRACH considers. In general, these criteria affect the interlaced design in terms of the number of interlaces and the number of PRBs per interlace. Due to regulations and agreements in RAN#4, the total number of available PRBs for each system bandwidth and subcarrier spacing is limited. Considering this, one must take into account all above design criteria, achieving the right trade-offs leading to a balanced design. 
[bookmark: _Toc506553714][bookmark: _Toc510442130][bookmark: _Toc510442771][bookmark: _Toc510449522][bookmark: _Toc510450966][bookmark: _Toc510452866][bookmark: _Toc510731128][bookmark: _Toc510731375][bookmark: _Toc510775725]An interlaced design for NR-U should balance the trade-offs between supporting maximum transmit power, minimizing signalling overhead, enabling flexible resource allocation, and ensuring suitability for different uplink physical channels and reference signals. 
PUCCH
Using the above mentioned interlaced design for PUCCH is a good way to satisfy the regulations on the unlicensed bands. Depending on the coherence bandwidth of the channel, the interlaced design (which spreads the signal in frequency) will give frequency diversity gains without the need for frequency hopping. Hence, we propose
[bookmark: _Toc510731129][bookmark: _Toc510731376][bookmark: _Toc510775726]Support a frequency domain interlaced structure for PUCCH in NR-U
[bookmark: _Toc510731130][bookmark: _Toc510731377][bookmark: _Toc510775727]NR-U PUCCH does not support frequency hopping.
For an interlaced design, without proper multiplexing considerations, a simple allocation of multiple PRBs to a single PUCCH resource for a user will reduce overall PUCCH capacity. To maintain PUCCH capacity, new user-multiplexing schemes will need to be introduced for PUCCH in NR-U.
[bookmark: _Toc510731131][bookmark: _Toc510731378][bookmark: _Toc510775728]For PUCCH in NR-U, maintaining a user-multiplexing level similar to NR is a priority.

PRACH
Support for PRACH for NR-U is relevant not only for the stand-alone scenario, but also for dual connectivity scenarios (NR-U + LTE and NR-U + NR). NR supports both long (L = 839) and short (L = 139) preamble sequences. The long preambles mainly target large cell deployments which are not applicable for sub-7GHz spectrum. For NR-U, only short preambles are of interest, since NR-U is expected to be deployed in relatively small cells. 
[bookmark: _Toc506553721][bookmark: _Toc510450967][bookmark: _Toc510452867][bookmark: _Toc510731132][bookmark: _Toc510731379][bookmark: _Toc510775729]Support short PRACH sequence length for NR-U
As described above, interlaced resource allocation is needed for UL transmissions in order to fulfil the PSD requirements in most regulations – and this includes PRACH. Regarding numerology, in NR, only subcarrier spacings of 15 and 30 kHz for PRACH are supported for sub-6 GHz operation, whereas 60 kHz SCS is supported for PUSCH. Hence, to allow multiplexing of interlaced PUSCH and PRACH, 60 kHz SCS for PRACH transmission in spectrum below 6GHz is needed.
[bookmark: _Toc510452868][bookmark: _Toc510731133][bookmark: _Toc510731380][bookmark: _Toc510775730]Support a frequency domain interlaced structure for PRACH for NR-U.
[bookmark: _Toc506553723][bookmark: _Toc510450969][bookmark: _Toc510452869][bookmark: _Toc510731134][bookmark: _Toc510731381][bookmark: _Toc510775731]For sub-6GHz NR-U operation, support 60 kHz SCS for PRACH preamble transmission. 
Further details on PRACH are available in our companion paper [4].
SRS
[bookmark: _Toc510449523][bookmark: _Toc510450970][bookmark: _Toc510452870]In a companion paper, we consider SRS design aspects for NR-U [5]. One of the important use cases for SRS in NR is channel estimation to support reciprocity-based DL precoding. Since it is envisioned that NR-U will be typically deployed in relative small cells and relatively low mobility scenarios, the design/configuration of SRS for such uses cases in NR-U should take such requirements into consideration. 
As discussed above, an interlaced design is expected to be adopted for other uplink channels, i.e., PUCCH/PUSCH, PRACH. Hence in order to sound the actual portion of the band that is allocated for a users’ data/control transmissions, an interlaced design should be supported also for SRS. Such a design makes it easier to frequency division multiplex different uplink channels/signals of different users on different interlaces. Hence we propose 
[bookmark: _Toc510449524][bookmark: _Toc510450971][bookmark: _Toc510452871][bookmark: _Toc510731135][bookmark: _Toc510731382][bookmark: _Toc510775732]Since frequency interlaced transmission are expected to be adopted for physical data/control channels for NR-U, at least frequency domain interlaced SRS should also be supported.
Introduction of a Discovery Reference Signal
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.
[bookmark: _Ref481497456][bookmark: _Toc510442758][bookmark: _Toc510449520]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 same reasoning 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 of signals/channels that the DRS is composed of, instead of doing it for each signal/channel individually.
[bookmark: _Toc506553724][bookmark: _Toc510442772][bookmark: _Toc510449525][bookmark: _Toc510450972][bookmark: _Toc510452872][bookmark: _Toc510731136][bookmark: _Toc510731383][bookmark: _Toc510775733]For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
Further details on potential content and scheduling of the NR-DRS are available in our companion paper [5].
On DCI Design for Unlicensed Operation
NR-U UL transmissions are in general subject to LBT. It is important to note that the NR-U design should be flexible enough to allow either gNB or UE to control the LBT parameters depending on the load, deployment scenario, management complexity, etc. All these design goals can be achieved by supporting signalling in NR-U design to instruct UEs regarding the LBT option and the corresponding parameters to be used. 
[bookmark: _Toc510731137][bookmark: _Toc510731384][bookmark: _Toc510775734]UL NR-U DCI needs to support indication of LBT related parameters. 

Conclusions
In this contribution, we made the following observations:
Observation 1	For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.

We make the following proposals:
Proposal 1	Support a frequency domain interlaced structure for uplink physical channels and reference signals for NR-U
Proposal 2	An interlaced design for NR-U should balance the trade-offs between supporting maximum transmit power, minimizing signalling overhead, enabling flexible resource allocation, and ensuring suitability for different uplink physical channels and reference signals.
Proposal 3	Support a frequency domain interlaced structure for PUCCH in NR-U
Proposal 4	NR-U PUCCH does not support frequency hopping.
Proposal 5	For PUCCH in NR-U, maintaining a user-multiplexing level similar to NR is a priority.
Proposal 6	Support short PRACH sequence length for NR-U
Proposal 7	Support a frequency domain interlaced structure for PRACH for NR-U.
Proposal 8	For sub-6GHz NR-U operation, support 60 kHz SCS for PRACH preamble transmission.
Proposal 9	Since frequency interlaced transmission are expected to be adopted for physical data/control channels for NR-U, at least frequency domain interlaced SRS should also be supported.
Proposal 10	For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
Proposal 11	UL NR-U DCI needs to support indication of LBT related parameters.
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