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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
· 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 solutions and techniques required to fulfill these study item objectives. 

[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. 
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.
Numerology 


In [2] we provide an extended discussion on OFDM numerology design to operate NR in unlicensed spectrum.
To summarize, the transmission granularity and latency can be reduced if 30 kHz and 60 kHz subcarrier spacing are used as numerology candidates for NR in unlicensed spectrum for 5/6 GHz. 60KHz subcarrier spacing will enable 4 times higher channel access granularity as compared to LAA. 
[bookmark: _Toc506553710]30 kHz and 60 kHz subcarrier spacing are considered for NR unlicensed @ 5 GHz and 6GHz.
NR Rel-15 focused on frequencies up to 40GHz, and therefore further studies are needed to determine a suitable subcarrier spacing for 60GHz band. We consider it appropriate to consider such studies in tandem to studies that may include potential enhancements to channel access mechanisms, after the general discussion for lower bands, e.g., 5 GHz, 6 GHz is complete.
Frame structure
NR supports FDD, dynamic TDD, and TDD with semi-statically configured UL/DL configuration as described in [3]. Operation in unlicensed spectrum clearly requires a dynamic TDD scheme similar to frame structure 3 used for LAA. However, semi-static assignments can be used to indicate DL subframes that carry synchronization and broadcast signals.
[bookmark: _Toc506553711]NR-U should support both dynamic and semi-static DL/UL configurations.
In NR, a slot is 14 OFDM symbol length, irrespective of the numerology used. Nevertheless, NR support shorter transmit duration than a regular 14 OS slot via introducing non-slot based scheduling (a.k.a mini-slots). This is useful for several reasons including: (1) Multiple starting positions within a slot duration, (2) Faster processing delays and feedback, (3) Shorter transmission duration than a regular slot which is suitable for small packets (such as TCP ACKS). This kind of flexibility is specially needed for the unlicensed channel operation. For further details on non-slot based scheduling, refer to [3]. 
For Rel-15 NR the following restrictions were made: 
· The maximum number of CORESETs per BWP per cell is 3, meaning that the maximum starting points within a slot are 3.
· PDSCH/PUSCH duration limited to 2, 4, and 7 symbols beside the full slot transmission.
Even with limited starting points, given the larger subcarrier spacings, NR-U can still achieve fine channel access granularity. 
[bookmark: _Toc506553712]NR-U should support non-slot based scheduling.
Interlace Design for Uplink
Two requirements are commonly found in regulations for operations in unlicensed spectrums:
1. Occupied channel bandwidth.
2. Maximum Power Spectral Density (PSD).
The occupied bandwidth requirement is expressed as the bandwidth containing 99% of the power of the signal and shall be between 80% and 100% of the declared Nominal Channel Bandwidth [4]. 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 specs requires 10 dBm/MHz for 5150-5350 MHz. The implication of the PSD requirement on the physical layer design is that, without proper designs, a signal with small transmission bandwidth will be limited in transmission power. This can negatively affect the coverage.
In LTE-based LAA, interlacing transmissions have been used in UL transmissions to allow the UEs to transmit with higher transmission powers (and, to a lesser extent, to satisfy the occupied channel bandwidth requirement) even when the scheduled bandwidth need is small. It is expected that interlacing transmissions is also beneficial for UL transmissions in NR-U.

[bookmark: _Toc506553713]Adopt interlacing transmissions for NR-U UL.

Different from LTE-based LAA, it is expected that there are more interlace options for UL transmissions according to flexible supported system bandwidth sizes and SCSs in NR-U. Thus, the structure of interlace (e.g., the number of interlaces and the number of PRBs per interlace) should be re-designed for NR-U. We observe a number of design criteria, listed below, for a good interlace design for the uplink in NR-U.

· High output power

One of the main benefits of interlacing transmissions is to allow high output power without exceeding the ETSI maximum PSD requirement when the scheduled bandwidth need is small. Preferably a single interlace should allow the use of an output power close to the maximum according to the regulations. In order to maximize the benefit of interlacing, the minimum distance between two RBs allocated within an interlace should be larger than the PSD requirement measurement bandwidth of 1 MHz, while allocating as many RBs as possible so as to spread the power over as many RBs as possible.

· Flexible resource allocations

A good interlace design needs to have a reasonably high number of interlaces, to allow for flexible scheduling granularity and high multiplexing capacity on PUSCH, PUCCH, PRACH, and so on. An interlace design with larger number of interlaces would result in a higher granularity in the amount of resources allocated to one UE. 

· Signaling overhead 

Although an interlace design with higher number of interlaces would be beneficial in term of scheduling flexibility, it would require more signaling overhead as the number of needed bits for frequency domain resource assignment increases with the number of interlaces. Thus, it is preferable to have an interlace design with sufficient number of interlaces to balance out the trade-off between scheduling flexibility and signaling overhead.  

· Random access channel

It is preferable to have different physical uplink channels, i.e., PUCCH, PUSCH, PRACH, on the same interlace structure, especially PRACH when one would like to avoid the collisions between different UEs when multiple UEs want to access the same NR-U cell simultaneously. In general, Zadoff-Chu sequences of length 139 is used for short PRACH preambles in NR, which would require approximately 12 PRBs. Thus, the interlace design should also take into account this aspect so that it could support simultaneous scheduling of PRACH and other physical uplink channels in an efficient way.

In general, the above design criteria are decided by either the number of interlaces or the number of PRBs per interlace. Due to the regulation and agreements in RAN#4, the total number of available PRBs for each system bandwidth and subcarrier spacing is limited. Thus, there are trade-offs between above criteria, one should take into account all of them when selecting the interlace options. 

[bookmark: _Toc506553714]Interlace designs for NR-U should balance the trade-offs between supporting maximum transmit power, minimizing signalling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels.
[bookmark: _Toc506539224]
Further details on interlace designs for NR-U uplink are available in our companion paper [5] .
Autonomous UL Transmissions 
In some scenarios, latency can be reduced if a data message can be sent on the semi-persistently allocated resource. NR provides the option to preconfigure resources in a semi static manner. With semi-persistent scheduling for UL, the UE is configured to transmit on pre-allocated resources. when UL data arrives, the UE can start transmission immediately according to the configured resources without the need to send an SR or waiting for the grant. Further details on motivation and design of AUL NR-U are available in our companion paper [6] .
[bookmark: _Toc506553715]It is beneficial to support autonomous uplink data transmissions on pre-allocated resources on NR-U Cells to reduce signaling overhead and latency.
AUL NR-U can benefit from the adjustments that were introduced for AUL feLAA to provide efficient operation on unlicensed bands: 
· new uplink control information (UCI) was introduced to enable fully asynchronous HARQ that is not based on associating HARQ ID to the slot index.
· new format for downlink feedback information that enables carrying pending HARQ feedback for several uplink transmissions from the same UE to reduce the signaling overhead on unlicensed operation
[bookmark: _Toc506553716]The autonomous UL functionality for NR-U can be achieved by using Type 1 and Type 2 configured UL specified in NR Rel-15 with some additional enhancements 
a. [bookmark: _Toc494399775][bookmark: _Toc494361440][bookmark: _Toc494361082][bookmark: _Toc494360854][bookmark: _Toc494315336][bookmark: _Toc494306674][bookmark: _Toc494306660][bookmark: _Toc494304830][bookmark: _Toc494298423][bookmark: _Toc494298059][bookmark: _Toc494298045][bookmark: _Ref494294009][bookmark: _Ref494293748][bookmark: _Toc490233207][bookmark: _Toc490152750][bookmark: _Toc506553717]For the NR autonomous UL access, asynchronous HARQ should be supported whereby the HARQ ID associated with a TB is not tied to the slot index.
b. [bookmark: _Toc506553718]For the NR autonomous UL access, specify new format for downlink feedback information that enables carrying pending HARQ feedback for several uplink transmissions from the same UE.

PRACH procedure
Support for PRACH is relevant not only for the stand-alone scenario, but also for LTE-NR-U interworking scenarios. Rel-15 NR specified the support of 4-step PRACH similar to LTE initial access procedure. For unlicensed operation, four-step random access procedure for initial network access implies that up to four independent LBT procedures need to be performed, two by the UE and two by the eNB. This can significantly increase the delay in connecting to the network and reduce the competitiveness of NR-U compared to other technologies. Therefore, it is recommended that the initial access is completed in two steps. 
[bookmark: _Toc506553719]Specify support for PRACH for both standalone and non-standalone NR-U. 
[bookmark: _Toc506553720]Support simplified RACH procedure consisting of two main steps.
NR supports both long (L = 839) and short (L = 139) preamble sequences. The long preambles are mainly targeting large cell deployments which are not applicable for sub-7GHz spectrum. For NR-U, only short preambles are of interest. 
[bookmark: _Toc506553721]NR-U should support short PRACH sequence length
As described in 2.3, interlaced resource allocation is needed for UL transmissions, including PRACH, to fulfil the PSD restriction in 5GHz. 60kHz subcarrier spacing for PRACH transmission in spectrum below 6GHz is needed to facilitate multiplexing of interlaced PUSCH and PRACH.
[bookmark: _Toc506553722]Need to support interlaced PRACH resource allocation for a UE
[bookmark: _Toc506553723]For below 6GHz NR-U operation, numerology for RACH preamble should include 60 kHz. 
Further details on PRACH are available in our companion paper [7].
Discovery Reference Signal
In section we will focus on always on transmissions needed for initial access, RRM measurements for L3 mobility, radio link monitoring and paging. 
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 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 of signals/channels that the DRS is composed of, instead of doing it for each signal/channel individually. 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: _Toc506553724]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 [8].

[bookmark: _Toc458153812]Conclusion
In this contribution, we discussed solutions and techniques required to fulfill the study item objectives [1]. Based on the discussion we have made the following proposals:
Proposal 1	30 kHz and 60 kHz subcarrier spacing are considered for NR unlicensed @ 5 GHz and 6GHz.
Proposal 2	NR-U should support both dynamic and semi-static DL/UL configurations.
Proposal 3	NR-U should support non-slot based scheduling.
Proposal 4	Adopt interlacing transmissions for NR-U UL.
Proposal 5	Interlace designs for NR-U should balance the trade-offs between supporting maximum transmit power, minimizing signalling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels.
Proposal 6	It is beneficial to support autonomous uplink data transmissions on pre-allocated resources on NR-U Cells to reduce signaling overhead and latency.
Proposal 7	The autonomous UL functionality for NR-U can be achieved by using Type 1 and Type 2 configured UL specified in NR Rel-15 with some additional enhancements
a.	For the NR autonomous UL access, asynchronous HARQ should be supported whereby the HARQ ID associated with a TB is not tied to the slot index.
b.	For the NR autonomous UL access, specify new format for downlink feedback information that enables carrying pending HARQ feedback for several uplink transmissions from the same UE.
Proposal 8	Specify support for PRACH for both standalone and non-standalone NR-U.
Proposal 9	Support simplified RACH procedure consisting of two main steps.
Proposal 10	NR-U should support short PRACH sequence length
Proposal 11	Need to support interlaced PRACH resource allocation for a UE
Proposal 12	For below 6GHz NR-U operation, numerology for RACH preamble should include 60 kHz.
Proposal 13	For NR, introduce a concept similar to the Rel-13 Discovery Reference Signal (DRS).
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