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Introduction 
In 3GPP TSG RAN WG1 Meeting #94 [1], the following agreements were made regarding initial access and mobility in NR unlicensed:
	Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB

Agreement: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size


Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured





In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation will be mainly discussed including the following aspects:
· Enhancements to 4-step random access procedure.
· Enhancement to the paging monitoring scheme.
· Enhancements to RLM measurement.
Enhancements 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 (RRC connection request) and Msg-4 (contention resolution) transmissions. As per the agreements made in the past RAN1 meeting [2], 4 –step RACH procedure can be considered as the baseline for NR-unlicensed and mechanisms to handle LBT related aspects (e.g. reduce transmission opportunities for Msg 1/2/3/4) can be further studied. In this regard, the following enhancements are envisioned for 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 the PRACH resource that is closest to the lower band edge of the initial UL BWP. For example, as shown in Figure 1, UE would select the second PRACH resource (from the lower band edge), among the two resources that passed LBT. By such structured manner of PRACH resource selection by UE, the gNB would also have more ordered way of implementing preamble detector, which could potentially reduce the blind decoding overhead from gNB processing perspective.
Proposal 1
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain.
· If multiple PRACH resources pass LBT, UE chooses the PRACH resource closest to the lower band edge of the initial UL BWP to transmit the preamble.
Enhancements 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 longer paging monitoring window can be introduced. Within longer paging monitoring window, the number of PDCCH monitoring occasions for paging can be enhanced by allowing the gNB to schedule PDCCH monitoring occasions for “x” number of subframes, where x is configurable by RRC. This way, paging transmission opportunities can be increased within the same DRX cycle. 
With the longer paging monitoring window, paging transmission/detection opportunities can be potentially enhanced as explained above. However, it may also result in more UE power consumption, since UE needs to keep awake and monitor longer duration for detecting PO within a DRX cycle. In order to improve UE power saving, additional enhancements can be studied further, e.g. UE may stop monitoring the additional PDCCH monitoring occasions once it receives one paging message etc. 
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 2
Longer paging monitoring window is introduced for NR-unlicensed. 
Enhancements to RLM measurements
Radio link monitoring (RLM) in NR Rel-15 relies on in –sync (IS)/out-of-sync (OOS) indications based on RLM-RS based link quality measurements where RLM-RS may take the form of SSB and/or CSI-RS. The physical layer at a UE indicates an OOS indication to higher layers if the radio link quality of all the configured RLM-RS resources is below a pre-defined threshold (Thout-of-sync). On the other hand, L1 indicates an IS indication to higher layers if the radio link quality is better than another pre-defined threshold (Thin-sync) for any resource in the set of RLM-RS resources configured for radio link monitoring.
In the case of standalone NR-U operation, RLM/RLF (radio link failure) mechanism should consider the uncertainty of channel access by LBT operation. In particular, a determination of link quality below Thout-of-sync may occur either due to the absence of RLM-RS (LBT failure) or due to poor radio link quality. Therefore, following the RLM procedure of a licensed carrier will lead to OOS indications when an RLM-RS is dropped due to LBT failure. 
One way to mitigate the aforementioned problem is to enable a mechanism that would reduce LBT failure probability of RLM-RS. In this context, the following agreement made in the last RAN1 meeting on the design of NR-U DRS is relevant [1]:
 Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
In order to improve the probability of successful LBT, RLM-RS may be included as part of NR-U DRS. Additionally RLM measurements can be restricted within a certain window (similar to SMTC) such that the probability of false OOS indications is reduced assuming that the RS transmission inside SMTC can utilize the single shot LBT operation rather than Cat-4 LBT. It can be further studied if it is possible for a UE to determine whether an OOS indication is due to the absence of RLM-RS. If that is possible, RLM measurements can also be performed outside the SMTC window. It is to be further studied whether enhancement of SMTC window configuration is required, including defining new timing measurement configuration window for RLM measurement if existing SMTC is not sufficient. 
Note that RRM measurements based on NR-U DRS and NR-U DRS design options are discussed in our companion contribution [3]

Proposal 3 

Support RLM measurements based on NR-U DRS containing SSB, and optionally CSI-RS.

SSB transmission opportunities and LBT
In order to mitigate the system impact from the SSB dropping due to LBT failure, we propose to associate a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT. Details are discussed in our companion contribution [3].
Proposal 4: 
Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.
Conclusion
In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation are discussed. To be more specific, possible enhancements to the 4-step random access procedure are discussed, including configuring multiple PRACH resources in the frequency domain. Next, mechanisms like paging monitoring window concept and increasing frequency of paging transmission occasions are discussed as potential solutions to the paging occasion blocking issue due to LBT. Lastly, enhancements to RRM/RLM measurement aspects are discussed in the context of RRM/RLM-RS transmission failure due to LBT.  To this end, the following proposals are driven:

Proposal 1
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain. 
· If multiple PRACH resources pass LBT, UE chooses the PRACH resource closest to the lower band edge of the initial UL BWP to transmit the preamble.
Proposal 2
Longer paging monitoring window is introduced for NR-unlicensed. 
Proposal 3 
Support RLM measurements based on NR-U DRS containing SSB, and optionally CSI-RS.
Proposal 4: 
[bookmark: _GoBack]Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.
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