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1 Introduction 
In previous RAN1 meetings [1-2] during the study on NR-based access to unlicensed spectrum, the followings are some of the agreements that were made related to initial access and mobility: 

	Agreement (RAN1#94bis):
For SSB transmissions as part of DRS:

· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 

· FFS: How to derive frame timing from detected SS/PBCH block 

· Transmitted SSBs do not overlap

· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 

· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8

· FFS: Duration of DRS transmission window

· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels

· FFS: relationship between transmitted SSB index and QCL assumption at UE

· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission
Agreement (RAN1#94bis):
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 (RAN1#95):
· It is considered beneficial to enhance paging opportunities using one or more of the following mechanisms:
· Increased time-domain paging occasions or paging monitoring occasions

· This can enable additional paging occasions outside of DRS 

· Note: Parts or all of the above enhancement may fall under RAN2 purview and may not require any further study in RAN1

Agreement (RAN1#95): 

· It is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI.

· The exact definition of the metric(s) is left for the WI

· Note: The above is a confirmation of RAN2’s recommendation for the same

Agreement (RAN1#95):
· For RLM, the following recommendations are considered beneficial for further design in the WI:

· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT

· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations

· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations

· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 

Agreement (RAN1#95):
It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different




In this contribution, potential enhancements to NR initial access and mobility to support unlicensed operation will be discussed including the following aspects:

· Enhancements to SSB transmission scheme as part of DRS.

· Enhancements to 4-step random access procedure.
· Enhancements to RLM/RRM measurement
2 NR-U DRS transmission 
In NR Rel-15, each slot can support a maximum of 2 SSB transmission opportunities. However, only certain slots are allowed to transmit SSBs. Note that in NR Rel-15, 64 code-points are used to convey a SSB index. 3 bits are conveyed with PBCH-DMRS sequence and 3 bits are conveyed using PBCH payload. Further it is specified that a designated location within a designated slot is associated with a unique SSB index which allows the slot/frame timing information to be discovered from SSB index. In order to cope with LBT it is proposed to extend SSB transmission opportunities to all the slots within a half-frame. We have the following proposal: 

Proposal 1
Consider extending the candidate SSB transmission positions to all the slots within a half-frame. As a starting point consider Rel-15 SSB symbol positions within a slot.

Another discussion point for DRS is the association of a candidate SSB transmission opportunity with a SSB beam (index) and a potential time-shift (due to LBT failure). The following alternatives were discussed and noted in RAN1#94 chairman’s notes:

Alt-1: Shift SSB(s) in time to the next transmission instance 
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Figure 1: (30kHz) Alt-1 showing shift of SSBs in time if LBT is not successful. In this example (30kHz) the number of SSB beams employed by the cell is L=4
We note that Alt-1 may be limited to 2 SSB beams with 15kHz SCS and 4 SSB beams with 30kHz SCS if DRS transmission duration is limited to 1ms. Extension to higher number of beams is not obvious.
Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission 
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Figure 2: (30kHz) Alt-2 cyclically wrapping of SSBs that have failed transmission due to LBT.  In this example (30kHz), the number of SSB beams employed by the cell is L =8 and DRS limited to 1ms.
In Alt-2, for a cell employing less than 8 SSB beams (let us assume L=4), the behaviour is not clear. In one alternative the number of DRS transmission opportunities may be reduced (see Figure 3). We show that if a cell uses 4 SSB beams, only 3 out of 20 candidate positions are available for SSB 0 transmission (candidate positions 0, 8 and 16). This increases the latency due to LBT failure and many candidate positions are not utilized. Note that depending on further RAN1 discussions, it is possible that certain time-critical signals such as RLM-RS, BM-RS, TRS (different forms of CSI-RS) may be transmitted within DRS and this reduced number of DRS transmission opportunities may significantly affect system performance.
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Figure 3: (30kHz) Alt-2 in principle and in this example (30kHz), the number of SSB beams employed by the cell is L =4
In another alternative, SSB beam 0 transmission can be allowed to occur at candidate positions t=0, t=4, t=8, t=12 and t=16 as shown in Figure 4. SSBs are shifted cyclically with interval = 4 instead of interval = 8, decreasing the latency due to LBT failure.
 [image: image4.png]1112 131415 16 17 18 19

10

ToToT- L
T~ £
-T= §32
S 8

saw Bupeys sepipued

window,





Figure 4: (30kHz) SSB shifted cyclically for a cell using L=4 beams, the candidate positions indicate possible SSB transmission instances in time. PBCH payload is unchanged within each soft-combining window as indicated above (PBCH payload may change across a soft-combining window boundary).
Similarly for a cell employing 2 beams (L=2), SSB index 0 transmission can be allowed to occur at candidate position t=0, 2, 4, 6, 8, 10, 12, 14, 16, 18 as shown in Figure 5.
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Figure 5: SSB shifted cyclically for a cell using L=2 beams, the candidate positions indicate possible SSB transmission instances in time. PBCH payload is unchanged within each soft-combining window as indicated above (PBCH payload may change across a soft-combining window boundary)
In summary, for Alt-2, the QCL index q can be derived from a 3-bit information encoded in PBCH DMRS similar to Rel-15 NR. In addition a shift information s can be conveyed by PBCH payload, as an example: s = L*floor(candidate-position- index/L). The frame timing can be derived as q + s.   
Proposal 2
Consider Alt-2 based approaches if a large number of SSB beams are to be supported. Consider maximizing transmission opportunity within a half-frame when a cell is employing very few SSB beams (<8) which is a practical use-case.
3 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 TR38.889, 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, several frequency and time domain enhancements were identified in TR38.889 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.

3.1 Multiple PRACH resource configurations over multiple configured initial UL BWPs
The following agreement was made in RAN1 in the past [3] 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 UL BWPs, each with a PRACH resource configuration, as illustrated in the figure below. The initial UL BWPs may be contiguous or non-contiguous across frequency. Out of these multiple initial 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 initial UL BWP, which is activating the initial UL BWP. If the gNB receives the PRACH inside the initial BWP, the gNB assumes that the initial UL BWP becomes the initial active UL BWP for the UE who sends the corresponding PRACH. 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.
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Figure 6. Multiple PRACH resource configurations in frequency domain on multiple configured initial UL BWPs
Proposal 3
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs. 
4 NR-U RRM/RLM
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 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 (RLM-DMTC) such that the probability of false OOS indications is reduced assuming that the RS transmission inside DRS transmission window can utilize Cat-2 LBT. 
The main issue with respect to RLM is that dropped RLM-RS transmission occasions due to LBT failure may trigger RLF that is undesired. In this case, for an evaluation period, a UE may determine whether IS or OOS indication can be determined with sufficient confidence and accuracy. For example, if RLM-RS is defined as a SS/PBCH block index, a UE may perform PSS/SSS/PBCH detection to determine successful RLM-RS transmission for a particular transmission instance. A UE may also consider information such as remaining COT information to determine RLM-RS presence. If the number of successful RLM-RS presence detection within an evaluation period is 0 or small, then a UE may indicate a third indicator type (say failed to detect – FTD indication) to higher layers. This is feasible if the required SINR for OOS indication is much higher than the required SINR for PSS/SSS/PBCH detection which is generally true.
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Figure 7: Detection of RLM-RS for usage in OOS/IS evaluation is possible if RLM-RS can be detected at a lower SINR than OOS detection or from acquired side information (like remaining COT time etc.) 
Proposal 4
Consider indicating a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 

For the purposes of RRM, in Rel-15, measurements are performed within a configured SMTC window. We think the same principle can be followed in NR-U where RRM measurements can be performed within the RRM-DMTC window. It is not clear that allowing CSI-RS based RRM measurements outside RRM-DMTC window can be beneficial. In lightly congested medium, DRS transmission failure will be unlikely providing sufficient RRM measurement opportunities while in heavily congested medium, CSI-RS transmission outside DRS window will be highly likely to fail. 
Proposal 5
Consider SSB and CSI-RS based RRM measurements based on DRS within RRM-DMTC window.
5 Conclusion
The following proposals and observations were made based on above discussions: 
Proposal 1
Consider extending the candidate SSB transmission positions to all the slots within a half-frame. As a starting point consider Rel-15 SSB symbol positions within a slot.
Proposal 2
Consider Alt-2 based approaches if a large number of SSB beams are to be supported. Consider maximizing transmission opportunity within a half-frame when a cell is employing very few SSB beams (<8) which is a practical use-case.

Proposal 3
NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs.

Proposal 4
Consider indicating a third state (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 
Proposal 5
Consider SSB and CSI-RS based RRM measurements based on DRS within RRM-DMTC window
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