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Introduction
[bookmark: _Ref178064866][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 physical layer procedures to fulfil these study item objectives. 
Discussion
PRACH Procedure
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). In Rel-15 NR, a 4-step RACH procedure similar to the LTE initial access procedure is specified. For unlicensed operation, a four-step 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 gNB. 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][bookmark: _Toc510453666][bookmark: _Toc510454534][bookmark: _Toc510732571]For NR-U, specify support for RACH for both standalone and non-standalone (dual-connectivity) scenarios.
[bookmark: _Toc506553720][bookmark: _Toc510453667][bookmark: _Toc510454535][bookmark: _Toc510732572]In order to support faster initial access for NR-U, support a 2-step RACH procedure.

Autonomous Uplink Transmissions
In some scenarios, latency can be reduced if a data message can be sent on a semi-persistently allocated resource. NR provides the option to preconfigure resources in a such a 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 an UL grant. Further details on motivation and design of autonomous UL (AUL) NR-U are available in our companion paper [3].
[bookmark: _Toc506553715][bookmark: _Toc510453668][bookmark: _Toc510454536][bookmark: _Toc510732573]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 following adjustments that were introduced for AUL feLAA to provide efficient operation on unlicensed bands:
· New uplink control information (UCI) is introduced to enable fully asynchronous HARQ that is not based on associated HARQ IDs to the slot index
· New format for the downlink feedback information that enables carrying pending HARQ feedback for multiple uplink transmissions from the same UE to reduce the signaling overhead on unlicensed operation
Based on this we propose the following:
[bookmark: _Toc506553716][bookmark: _Toc510453669][bookmark: _Toc510454537][bookmark: _Toc510732574]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][bookmark: _Toc510453670][bookmark: _Toc510454538][bookmark: _Toc510732575]For 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][bookmark: _Toc510453671][bookmark: _Toc510454539][bookmark: _Toc510732576]For NR autonomous UL access, specify new format for downlink feedback information that enables carrying pending HARQ feedback for multiple uplink transmissions from the same UE.
Channel Access Aspects
It is identified in the Study Item description that the NR-U study shall:
- Allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum
- Include 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. 
1. 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.
5GHz coexistence mechanisms are mature in regulation aspect and extensively studied in LTE-based LAA WI. Similar channel access principles as those adopted for LTE-based LAA designs can be followed for the NR-U design to enable coexistence with LTE-based LAA and other technologies in this band. These channel access principles have been evaluated and discussed extensively during the LTE-based LAA WI and need not be repeated for the NR-U in this band. 
Here we give a brief overview of the methods defined for LTE-based LAA and point out some properties of NR that potentially can require modifications of the LTE-based LAA methods
LTE-based LAA defines two basic types of LBT for both DL and UL[4]. The first one, here referred to as exponential LBT, is described for downlink in §15.1.1 and in §15.2.1.1 for uplink. The exponential LBT also relies on a contention window adjustment procedure where the contention window is updated based on HARQ feedback. The second one, here referred to as short LBT, is described for downlink in §15.1.2 and for uplink in §15.2.1.2. 

In addition to that, LAA supports the concept of a shared channel occupancy time (COT). The Maximum Channel Occupancy Time (MCOT) defines the maximum time allowed to share the channel among an access point and its served nodes and is specified in certain regional regulation. The MCOT limit is applicable to Wi-Fi and also adopted by LAA. When a node, referred to as initiating node, initiates a channel occupancy by performing an exponential random back-off (also known as CAT4 LBT), it is allowed to share its channel occupancy with other nodes, referred to as responding nodes. Nevertheless, gaps between transmissions of different nodes are allowed. If a gap is within 16 µs, the transmission after the gap can occur without channel sensing. For larger gaps, an LBT based on a clear channel assessment (CCA) of at least 25 µs is required prior to transmission. Most importantly, the rules require that the total channel occupancy by the initiating and responding nodes, i.e. DL and UL transmissions in case of LAA shall not exceed the corresponding MCOT.
[bookmark: _Toc510732577]COT sharing between initiating and responding node is supported in NR-U.
For the downlink, the short LBT can be used when the eNB transmits DRS without PDSCH, given that the transmission time is limited to 1 ms. In our companion paper [5] we discuss the introduction of a DRS also in NR, Because the deployment scenarios for NR-U are more diverse, e.g. including dual-connectivity and stand-alone operation, it is expected that the NR-DRS would need to contain more information that the Rel-13 DRS. Thus, we make the following proposal:
[bookmark: _Toc510732578]Study the impacts of new deployment scenarios such as dual-connectivity and stand-alone operation on the rules defined for downlink short LBT.
In NR, several enhancements were made including: smaller processing delays, faster feedback transmission, and new form of HARQ feedback (e.g. code block group-based feedback). These enhancements should be exploited when designing channel access procedures for NR-U. 
[bookmark: _Toc510732579]Study the impacts of NR-U enhanced processing delays and HARQ design on the channel access procedure. 
A potential new unlicensed low frequency band is 6GHz (5925-6425MHz) that can also be a good candidate for NR-U operation [6]. Since the regulation rules have not been established, 3GPP should study channel access techniques for efficient and technology-neutral unlicensed spectrum sharing for 6 GHz band. The coexistence mechanisms used for 5GHz can be considered as a baseline with some modifications to ensure a technology neutral spectrum sharing amongst unlicensed users of the 6GHz band. Studying the impact of using common energy detection threshold for all technologies would be one example [7]. 
Conclusions
We made the following proposals:
Proposal 1	For NR-U, specify support for RACH for both standalone and non-standalone (dual-connectivity) scenarios.
Proposal 2	In order to support faster initial access for NR-U, support a 2-step RACH procedure.
Proposal 3	Support autonomous uplink data transmissions on pre-allocated resources on NR-U cells to reduce signaling overhead and latency.
Proposal 4	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 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 NR autonomous UL access, specify new format for downlink feedback information that enables carrying pending HARQ feedback for multiple uplink transmissions from the same UE.
Proposal 5	COT sharing between initiating and responding node is supported in NR-U.
Proposal 6	Study the impacts of new deployment scenarios such as dual-connectivity and stand-alone operation on the rules defined for downlink short LBT.
Proposal 7	Study the impacts of NR-U enhanced processing delays and HARQ design on the channel access procedure.
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