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Introduction 
In RAN1 #92, the study on NR-based access to unlicensed spectrum has started with the following objectives [1]: 
· 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, potential enhancement to NR initial access and mobility to support unlicensed operation will be mainly discussed including the following aspects:
· Enhancement to the 4-step random access procedure
· Discussion on the preamble formats
· Enhancement to the paging monitoring
Enhancement to the 4-step random access procedure
To begin with, Release 15 NR uses 4-step random access procedure like LTE. The 4-step random access procedure consists of Msg-1 (PRACH), Msg-2 (RAR), Msg-3, and Msg-4 (collision resolution) transmissions. Accordingly, unless a new random access procedure is adopted for NR, it can be assumed that Release 15 4-step random access procedure is the baseline for NR-unlicensed study. The following enhancements are envisioned to 4-step random access procedure.
Multiple PRACH resource configuration
Wideband operation of NR-unlicensed is possible by configuring the channel BW or the bandwidth part (BWP) to be an integer multiple of 20 MHz spectrum. Consider that a single PRACH resource is configured in a wideband carrier. If 20 MHz spectrum that includes the configured PRACH resource is occupied by other neighbouring network, the preamble transmission has to be delayed to the next occasion and, thereby, the overall initial access delay will increase. 
In order to overcome the abovementioned issue, it can be considered that multiple PRACH resources are configured in the frequency domain as illustrated in the figure below.  
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Figure 1. Multiple PRACH resource configuration in frequency domain on a NR wideband carrier

With multiple PRACH resource configurations in frequency domain, a UE can select a PRACH resource among those that passed LBT. If multiple PRACH resources passed LBT, the UE can choose to transmit the preamble over one of such PRACH resources. 
Proposal 1: NR-unlicensed supports multiple PRACH resource configuration in the frequency domain. 
Power ramping with preamble transmission
In NR, similar to LTE, a UE ramps up its transmission power when it transmitted preamble but did not hear back from the gNB, i.e., RAR, except for the case when the UE changed its transmission beam. In the licensed spectrum, if a UE intends to transmit preamble, it can always do in the configured PRACH resource. However, in unlicensed spectrum, it is possible that preamble transmission can be blocked due to the LBT failure for frequency range that contains configured PRACH resource. Since the actual preamble transmission has not been occurred, the actual transmission counter should not be increased. Furthermore, the preamble transmission power should not be ramped up in this case as it is not the case that the preamble was transmitted but not heard by the gNB.
Proposal 2: A UE does not perform power ramping when preamble transmission is not executed due to the LBT failure. 
Extension of the RAR window
Similarly with the motivation described in the previous section, in the unlicensed spectrum, it can be expectable that the RAR cannot be transmitted during the configured RAR window due to the medium unavailability although preamble was correctly received at the gNB. Therefore, it can be considered to extend the maximum configurable RAR window size to accommodate the LBT failure. By doing so, potential increase in the random access delay due to the failure of RAR transmission can be avoided. 
Proposal 3: The maximum configurable RAR window is extended for NR-unlicensed.
Discussion on the preamble formats
Release 15 NR supports two PRACH sequence lengths, i.e., L-839 and L-139. L-839 sequence can use 1.25 kHz and 5 kHz SCS. When 1.25 kHz and 5 kHz SCS are used, the occupied BW is 1.25 MHz and 5 MHz, respectively. L-839 sequence is only supported in FR1. L-139 sequence can use the same SCS with the data channel, i.e., 15, 30, 60, and 120 kHz. For L-139 sequence, 15 and 30 kHz SCS is supported in FR1 and 60 and 120 kHz SCS is supported in FR2.
L-839 sequence uses much smaller SCS than data channel and thus can possess much longer symbol and CP duration. Thus, L-839 sequence format can provide higher resolvability of larger delay spread. However, L-839 sequence requires guard band provisioning due to the SCS being different from data channel. The guard band overhead can be magnified if interlaced based PRACH waveform is considered. Given that unlicensed carriers are mainly considered for relatively smaller coverage due to the transmission power limitation imposed by regulatory requirements, L-139 sequence may suffice the need for unlicensed usage. Furthermore, guard band may not be needed as the preamble can be transmitted with the same SCS with data. 
Proposal 4: L-139 preamble can be considered for NR-unlicensed. 
Enhancement to the paging monitoring
It is noted that the latency involved with paging transmission has direct bearing to the call connection latency. This becomes especially an important issue for the standalone system where PCell is also on the unlicensed spectrum. If gNB could not transmit paging due to LBT, the paging transmission would have to be delayed to the next available occasion. 
Given the significance of paging transmission, it is important to design the paging mechanism reliable for NR-unlicensed system. In this regard, a paging monitoring window concept can be introduced. With the existing paging occasion configuration, the same goal can be achievable as well by configuring more frequent occasions. Then, however, the UE will have to wake up and monitor paging channel more often, which will increase UE’s power consumption and shortens UE’s sleep duration. In the paging window concept, however, the frequency of the paging monitoring occasion can be maintained the same, but with extended monitoring duration. 
The paging transmission may use Cat-4 LBT with highest priority, if not multiplexed with DL-SCH.
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Figure 2. Illustration of the paging window concept

Proposal 5: Paging monitoring window concept is introduced for NR-unlicensed. 
Conclusion
In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation were discussed. To be more specific, possible enhancements to the 4-step random access procedure were discussed including configuring multiple PRACH resources in the frequency domain, UE power ramping behavior when preamble is not transmitted due to the LBT failure, and the RAR monitoring window extension. Two lengths of preamble sequences were also discussed in terms of their suitability for the purpose of unlicensed operation. Lastly, paging monitoring window concept was discussed as a potential solution to the paging occasion blocking issue due to LBT. To this end, the following proposals were driven: 
Proposal 1: NR-unlicensed supports multiple PRACH resource configuration in the frequency domain. 
[bookmark: _GoBack]Proposal 2: A UE does not perform power ramping when preamble transmission is not executed due to the LBT failure. 
Proposal 3: The maximum configurable RAR window is extended for NR-unlicensed.
Proposal 4: L-139 preamble can be considered for NR-unlicensed. 
Proposal 5: Paging monitoring window concept is introduced for NR-unlicensed. 
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