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Introduction 
In 3GPP TSG RAN WG1 Meeting #94bis [1], the following agreements were made regarding initial access and mobility in NR unlicensed:
	Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different





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/RRM 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. Further, in the last RAN1 meeting [1], several frequency and time domain enhancements were identified as potential options to RACH resource enhancements for unlicensed operation. In In this regard, the following enhancements are envisioned for 4-step random access procedure.

Multiple PRACH resource configurations over multiple configured initial UL BWPs
The following agreement was made in RAN1 in the past [2] regarding channel access mechanism during initial access:
Agreement: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
As per the above agreement, the initial active UL BWP for 5 GHz band is subject to one sub-band LBT (20 MHz). Consider that a single PRACH resource is configured within one configured initial UL BWP to an idle mode UE for initial access. If 20 MHz spectrum of the UL BWP that includes the PRACH resource for CBRA 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 gNB can configure multiple initial BWPs, each with a PRACH resource configuration, as illustrated in the figure below. The configured BWPs may be contiguous or non-contiguous across frequency. Out of these multiple configured BWPs, one single UL BWP is activated based on LBT outcome (each BWP being subject to independent 20 MHz sub-band LBT) at the UE side and UE transmits PRACH on this single activated BWP. In case CCA is successful on multiple configured BWPs, UE selects one BWP out of these multiple candidates as the initial active UL BWP and use the corresponding PRACH resource to transmit the preamble.



 
Figure 1. Multiple PRACH resource configurations in frequency domain on multiple configured initial UL BWPs

Proposal 1
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs. 
· UE activates a single UL BWP for PRACH transmission based on the LBT outcome during initial access procedure.
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.

[image: ]
Figure 2. Illustration of the paging window concept

Proposal 2
Longer paging monitoring window is introduced for NR-unlicensed. 
Enhancements to RRM/RLM measurements

For the purposes of RRM measurements an SMTC window is used for NR Rel-15. Within this window, configured measurement objects are measured and both CSI-RS and SSB measurements are performed. For the purposes of NR-U it is noted that CSI-RS based measurements may be performed outside the DMTC. In general, for intra-frequency measurements when the neighbor cell measurement signal SCS is the same as the serving cell active BWP, measurement gap is not necessary. However, for UEs which do not support simultaneousRxDataSSB-DiffNumerology some interruption in serving cell transmission is required to allow CSI-RS based RRM measurements outside the DMTC.

Note that for RRM purposes, a UE is generally not expected to update a measurement faster than 200ms. However, for RLM purposes, a UE is expected to update a measurement every 10ms. Therefore the impact of LBT failures on RLM and RRM measurements is different. As an example, in a lightly loaded network where LBT failures are less probable it may make sense for RLM measurements to be performed outside the DRS transmission window. This will allow higher accuracy and faster RLM response. On the other hand, in a heavily loaded network, it may be beneficial to limit RLM measurements to DRS transmission window so that false RLF is not triggered due to LBT failures while performing RLM measurements outside the DMTC window. Therefore we believe that separate DMTC configurations for RRM and RLM should be allowed.   

Proposal 3

Separate DMTC configurations for RRM and RLM is beneficial for addressing different deployment conditions for NR-U. A gNB configurable RLM-DMTC window can naturally be used to accommodate RLM measurements both inside and outside DRS transmission opportunities.

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 on multiple configured UL BWPs. 
· UE activates a single UL BWP for PRACH transmission based on the LBT outcome during initial access procedure.
Proposal 2
Longer paging monitoring window is introduced for NR-unlicensed. 
Proposal 3a

Separate DMTC configurations for RRM and RLM is beneficial for addressing different deployment conditions for NR-U. A gNB configurable RLM-DMTC window can be used to accommodate RLM measurements both inside and outside DRS transmission opportunities.
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7.2.1.3.2	Initial access and mobility
For initial access and mobility procedures, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalings due to LBT failure. 
The following modifications to initial access procedures have been identified as beneficial:
-	Modifications to initial access procedures considering limitations on access to the channel based on LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure.
-	Enhancement to 4-step RACH, including developing mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure. 
It is also identified 2-step RACH potentially has benefit for channel access.
For SS/PBCH block transmission, it is recommended to define a mechanism to transmit SS/PBCH blocks dropped due to LBT failure. It is also recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SS/PBCH block.
For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within DRS transmission window to [Y], for e.g., Y = [64]. The trransmittedtransmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is [X] within DRS transmission window with X <= 8.
For potential RACH resource enhancement, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15:
-	Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA configured initial UL BWPs. UE activates a single UL BWP for PRACH transmission based on the LBT outcome during initial access procedure.
-	Time-domain enhancements:
-	For connected mode UE, scheduling of PRACH resources via DCI. 
-	Triggered PRACH within TXOP can use a new resource indicated by the DCI. The type of LBT to be used by UE within TXOP can be dynamically indicated by the gNB.
-	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
For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented.
For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to inproveimprove robustness to DL LBT failure for RAR transmission.
[bookmark: _Hlk527056215]Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied.
For RLM/RRM, it is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. DRS-based RRM measurements are performed inside the DMTC(s). CSI-RS-based measurements may be performed outside the DMTC(s). DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s). RLM DMTC may coincide with DRS transmission window. CSI-RS-based RLM may be performed outside of DMTC(s).  It is considered beneficial to support separate DMTC configurations for RRM and RLM measurements.
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
[bookmark: _GoBack]It is beneficial to support reporting of RSSI.
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