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1 Introduction

In the RAN1#96 meeting, the following were agreed regarding the initial access and mobility procedures:
	Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows

· Alt1: The PBCH DMRS sequence index is also the same

· Alt2: The PBCH DMRS sequence index may be different

· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame

· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows

Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.

· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window

· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.

· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

· FFS: Mechanism to handle missing RLM-RS due to LBT failure



Furthermore, in the RAN1#96bis meeting, the following were agreed:

	Agreement: 

For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows 

Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).




In this contribution, we present our views on possible enhancements for RLM/RRM, SSB, DRS, and RACH for NR unlicensed spectrum.
2 Discussion
2.1 SSB Transmission

When LBT at the start of a DRS transmission window is unsuccessfull, the gNB can’t send one or more SSB candidates. This raises the issue if and when these dropped SSB candidates should be included in the DRS transmission window once LBT allows for channel access.
In the RAN1#96bis meeting, it was agreed that the SSB candidate position within the DRS transmission window are indexed from 0, …, Y-1. Furthermore, the UE determines the serving cell timing from the detected SSB candidate position. When the gNB does not clear LBT at the starting of the DRS window, the gNB following successful channel access later during the DRS window will sequentially transmit the next SSBs candidates of the DRS window in the original indexing order. In NR-U, SSBs for the purpose of initial discovery are inherently transmitted less frequently than in NR in licensed bands due to the unavoidable necessity to use DRS windows. Thus, skipping altogether the transmission of SSBs that failed LBT in the beginning of the DRS transmission window will reduce the energy available to the UE during initial acquisition and re-synchronization procedures and consequently will have a heavy performance impact. The absolute positions and sequence of all SSB candidates in the DRS transmission window which are transmitted following successful LBT by the gNB should be preserved to facilitate UE implementation. In consequence, SSB candidates from the initial DRS window should be sent in “wrap-around” at the end of the DRS transmission window.

It is clear that certain practical limits can exist with respect to exceeding the DRS transmission window lengths when employing the principle of “wrap-around” cycling of the SSB candidates. For a number L’ of actually configured SSB candidates (L’<L with L = 10 for 15 kHz and L=20 for 30 kHz), the cumulative probability of channel access succeeding in slot n of a DRS transmission window order increases with increasing slot number towards the end of the DRS transmission window. For the typical case of only several SSB candidates configured, the 5 ms DRS window will be long enough to allow inclusion of the full number of configured SSB candidates.

We thus propose the following:
Proposal 1: SSBs corresponding to candidate positions in a DRS transmission window that can’t be transmitted at the beginning of the DRS window due to unseccessfull LBT are transmitted in wrap-around at the end of the DRS burst. 
2.2 Random access

During the NR-U SI [2], 4-step RACH enhancements were discussed. One of the main issues with 4-step RACH in unlicensed spectrum is the need to acquire the channel prior to every step. This can add to initial access latency. Such latency is especially affected if the preamble transmission is delayed due to failed LBT. That is because in legacy NR systems, PRACH resources are semi-statically configured and thus cannot take into account the varying channel access probability of the unlicensed channel. It was therefore agreed during the SI to enable RACH resource enhancements in NR-U [2]:

For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:

-
Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

-
Time-domain enhancements:

-
For connected mode UE, scheduling of PRACH resources via DCI. 

-
Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI

-
For idle mode UE, scheduling of PRACH resources via paging

-
Note: potential inefficiency in network resource due to paging across multiple cells

-
Additional, new RACH resources are used immediately following detection of DRS transmission

-
Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

-
Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

-
Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Providing additional PRACH resources within a gNB-initiated COT is beneficial in unlicensed spectrum, given other pre-configured PRACH resources require considerable time for the UE to acquire the channel. Multiple UEs attempting LBT prior to a certain RACH occasion can lead to blocking, as a single preamble transmission from one UE can block other UEs from acquiring the channel. Therefore, the PRACH capacity can be reduced within one PRACH resource if imperfect time alignment among different UEs leads to blocking by the UE transmitting PRACH preamble at the earliest time. 

Considering the options present in 38.889 for time-domain RACH enhancements, providing additional PRACH resources by paging can be inefficient, as the same paging message is transmitted by all cells in the same tracking/paging area. Further, it worth mentioning that mapping SSBs-to-RO is already possible by RRC configuration in R15. Therefore, triggering of additional PRACH resources by DCI and DRS should be supported to provide additional PRACH resources for UEs in connected and IDLE modes, respectively. Both methods could enable COT sharing between the PRACH resource trigger and the preamble transmission, and thus reduce inter-UE blocking.
Proposal 2: PRACH resources can be triggered dynamically by the reception of a DCI or DRS transmission. 
The LBT required for the transmission of PRACH preambles can depend on the presence or not of a PRACH resource trigger signal, and also the type of trigger. For example, for a PRACH resource configured semi-statically and not dynamically triggered, the UE could use a CAT 4 LBT. On the other hand, for a PRACH resource triggered by DCI or DRS, Cat 1 or Cat 2 LBT could be used per LBT rules in [1] for a PRACH transmission within a gNB-initiated COT. 
2.3 RLM enhancements

In connected mode, a UE needs to perform radio link monitoring on SpCell to detect when it loses connectivity to the network and initiate radio link failure (RLF). If the SpCell is on an unlicensed carrier, one problem is that some instances of the Reference Signal (RS) on which radio link monitoring is performed (RLM-RS) may not be transmitted by the network due to failure of accessing the channel. If the UE is unaware of whether an RLM-RS was transmitted, it can incorrectly determine that radio link problems occurred and prematurely initiate RLF. During the RAN1#96 meeting, it was agreed as FFS mechanism to handle missing RLM-RS due to LBT failure. One option could be that the network configures higher values of the N310 counter or T310 timer to avoid premature RLF when several RLM-RS instances are missed due channel access failure. However, as this generally tends to delay recovery from a bad link, it would be preferable that the UE only applies this configuration under high load conditions. Another option could be to rely on DL burst detection to determine whether an RLM-RS is present or not. It was agreed during RAN1 1901 meeting that the UE may assume the presence of a signal, such as the DMRS in PDCCH or GC-PDCCH transmission to detect transmission bursts by the serving gNB. It was also agreed that the payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure. In our view, the COT structure and DL burst indication from the network can be used by the UE to determine whether an RLM- RS has been transmitted.  
Proposal 3:
The UE determines the presence of RLM-RS based on DL transmission burst and COT indication from the gNB.  
3 Conclusion
This contribution discusses issues related to initial access and mobility in NR-U. We propose the following:
Proposal 1: SSBs corresponding to candidate positions in a DRS transmission window that can’t be transmitted at the beginning of the DRS window due to unseccessfull LBT are transmitted in wrap-around at the end of the DRS burst. 
Proposal 2: PRACH resources can be triggered dynamically by the reception of a DCI or DRS transmission.
Proposal 3:
The UE determines the presence of RLM-RS based on DL transmission burst and COT indication from the gNB.  
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