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1. Introduction
During RAN Plenary #82, the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum [2] has been approved, starting the Specifications phase for Release 16.
In this contribution, we discuss details of initial access and mobility related physical layer procedures for NR-U. We consider the following procedures:
· DRS Transmission
· Random Access
· RRM/RLM
2. DRS Transmission
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified: 
	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)



2.1 On Transmission Opportunities for DRS
In RAN1#94bis the following agreement was made that is the starting point for the subsequent discussion related to transmission opportunities for DRS:
	Agreement:
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




Related to duration of the DRS transmission window, 
· FFS: Duration of DRS transmission window
we think that the baseline length of DRS window should be at most 5 ms, repeated once every 40 ms, following the approach from LTE LAA, at least when CAT2 LBT is used for DRS. The max SMTC window for the UE would be 5 ms as well. Thus, we make the following proposal:
Proposal 1: The duration of DRS transmission window is at most 5 ms, periodicity is ≥ 40 ms, and Cat 2 LBT is applied prior to DRS transmission. 
Then, the maximum number of candidate SSB positions within the DRS transmission window of 5 ms would be as follows:
	SCS [kHz]
	15
	30

	Max number of candidate SSB positions within a DRS transmission window
	10
	20



Proposal 2: Maximum number of SSB candidate positions, Y, within a DRS transmission window is:
· 10 with 15 kHz SCS
· 20 with 30 kHz SCS
The following figure, Figure 1, illustrates the relationship between SSB index and QCL assumption (beam) at the UE assuming 30 kHz SCS, DRS transmission per beam being half-slot (7 symbols), cyclic shifting of DRSs applied as a mechanism against LBT failures and actually transmitted beams being four. 
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[bookmark: _Ref528666366]Figure 1 Cyclic shifting of DRSs (SSBs) and DRSs transmitted using 4 beams.

Related to 
· FFS: How to derive frame timing from detected SS/PBCH block. 
The advantage of the alternative in Figure 3 is that the frame timing could be determined from an SSB index similarly as in Rel15 at FR2 (i.e. 3 LSBs of SSB index carried in DMRS and MSBs of SSB index carried in PBCH payload bits) as now the number of SSB locations would go beyond 8 (up to 10 with 15 kHz SCS and up to 20 with 30 kHz SCS).
Proposal 3: Frame timing from detected SS/PBCH block in NR-U can be determined similarly as in Rel15 at FR2, i.e. 3 LSBs of SSB index carried in DMRS and MSBs of SSB index carried in PBCH payload bits.
The beam index (relationship between SSB index and QCL assumption) can be determined using a modulo operation from the detected SSB index, number of SSBs within a DRS transmission per beam (for SA, UE may assume one and in NSA UE can be configured with number larger or equal to one) and the number of DRS beams in the cell that UE needs to read either from PBCH or RMSI: 
beam index = mod(floor(detected SSB index/num of SSBs within a DRS transmission per beam), num of DRS beams in the cell). 
Thus, related to the following open point
· FFS: relationship between transmitted SSB index and QCL assumption at UE
we make the following proposal:
Proposal 4: The beam index (i.e. relationship between SSB index and QCL assumption) is determined using a modulo operation from the SSB index, num of SSBs within a DRS transmission per beam and the number of DRS beams in the cell that UE needs to read either from RMSI or from PBCH: 
beam index = mod(floor(detected SSB index/num of SSBs within a DRS transmission per beam), num of DRS beams in the cell). 
num of SSBs within a DRS transmission per beam may be larger than one for configured DRS transmissions

2.2 On Coverage of DRS in Initial Access
Beamforming for broadcast signaling is one of the most important new features in NR design. However, in unlicensed spectrum the total RF output power is normally restricted by EIRP limitation. For example, the RF output power EIRP limitation is 23 dBm and 24 dBm in 5 GHz unlicensed band, as regulated in ETSI 301.839 and FCC 15.247, respectively. This limitation captures both transmit power and antenna gain (beamforming gain + antenna element gain). This means directional transmission with high beamforming gain cannot lead to any additional coverage in unlicensed spectrum, if the device is able to reach maximum output power with omni-direction. Hence, broadcast signaling (such as SSS/PSS/PBCH/RMSI) benefits from a single beam operation in low frequency unlicensed spectrum (e.g., <7 GHz), leading to much higher efficiency compared to beamforming with beam sweeping operation. Beam sweeping for broadcast signals means repeating the same information (MIB, SIB1, OSI, Paging) to multiple directions requiring correspondingly multiple time domain resources thus increasing the control overhead. In addition, since the beams would need to be transmitted into all directions to provide coverage anyway, no reduction of interference can be achieved.
However, note that restricting the NR-U operation at sub 7 GHz to single SSB does not impose restrictions on using beamforming for PDSCH; on the contrary, gNB can make use of all its antennas with beamforming based on PMI feedback, beamformed CSI-RS, or SRS.  
Due to PSD regulations, synch signals (PSS and SSS) in an SS/PBCH block would be transmitted with 12.8 or 15.8 dBm transmit power assuming 15 or 30 kHz SCS, respectively, and PSD limit of 10dBm/Mhz. That corresponds to 10.2 or 7.2 dB lower transmission power than full carrier / channel (20 MHz) allocation would allow for other downlink signals and channels. 
Observation 1: NR-PSS and NR-SSS are transmitted with 10.2 or 7.2 dB lower transmission power, when using 15 or 30 kHz SCS, than downlink signal that is spread across the 20 MHz sub-band.
To look at further the potential coverage issue of SS/PBCH block we analysed (im)balance between downlink and uplink maximum coupling losses (MCLs) by performing a link budget analysis in [4], Appendix C for NR-PSS, NR-SSS, NR-PBCH and PRACH. Based on the link budget analysis Table 1 summarizes the observed MCL values. It’s to be noted that PRACH format A1 is targeted to small cells and it is constructed from a CP and two symbols. Increasing the SCS provides some gain due to wider bandwidth thanks to increased frequency diversity but similar gain is also visible for both DL and UL signals. 






[bookmark: _Ref525245965]Table 1 MCLs [dB] for the joint NR-PSS/NR-SSS detection, NR-PBCH detection and PRACH formats A1 and A2. In parenthesis the difference in MCL compared to PRACH format A1 is shown. 
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	15 kHz SCS
	30 kHz SCS

	
	MCL [dB]
	Supported distance [m] (UMiNLoS)
	MCL [dB]
	Supported distance [m] (UMiNLoS)

	NR-PSS/NR-SSS
	115 dB (-9.0)
	105
	Result N/A
	Result N/A

	NR-PBCH
	116 dB (-8.0)
	111
	117 dB (-8.6)
	119

	NR PRACH format A1
	124 dB(0.0)
	184
	125.6 dB(0.0)
	204

	NR PRACH format A2
	126.8 dB (+2.8)
	219
	127.6 dB (+2.0)
	231



Based on above summary it can be noticed that NR-PSS/NR-SSS and NR-PBCH in NR-U are having roughly 8-9 dB and 11-12 dB worse maximum coupling loss than PRACH format A1 and A2, respectively. Even more important to note, typically for inter-cell detection and measurement the coverage for SSBs should be far beyond the cell radius. Thus, the supported cell radius e.g. in UMiNLoS environment would be way below 100 m.
Observation 2: Single SSB detection performance in NR-U assuming Rel15 structure is relatively poor, supporting cell radius way below 100 m. 
As discussed above, beamforming for the SSB (i.e. multi-beam SSB) cannot improve coverage compared to single-beam SSB. As a result, even with multi-beam configuration, the coverage of DRS is quite limited. 
There are two options to improve DRS detection performance as shown in Figure 2 (it’s assumed that with 30 kHz, resource allocation for DRS per beam including SSB(s) and PDCCH+PDSCH for RMSI confined within a slot as an example):
1) Repetition of SSBs within a DRS transmission from a single beam (reusing existing SSB locations)
2) Time domain extension of SSB within a DRS transmission from a single beam
[image: ]
[bookmark: _Ref534710324]Figure 2 Options for DRS detection performance enhancement.

Repetition of SSBs within a DRS transmission from a single beam would be a straightforward solution allowing to use existing SSB locations. However, problematic is that the number of SSBs QCLed together should be known prior to initial search. That would basically require fixing the number of SSBs belonging to DRS transmission from a single beam in all standalone (SA) cases to be the same which would be challenging to define. In non-standalone (NSA) deployment, UE can be informed via licensed carrier the number of QCLed SSBs assumed in certain unlicensed carrier for the cell search. In other words, in non-standalone case the number of QCLed SSBs applied in unlicensed carrier can be made configurable to support coverage extension for the DRS. 
Thus, related to 
· “The feasibility and benefits of beam repetition for soft combining reception of SSBs within the same DRS transmission may be further considered.”
we make the following observation and proposal. 
Observation 3: It would be beneficial to improve detection performance of the DRS both in single-beam and multi-beam configuration (i.e. DRS transmitted using one beam).
Proposal 5: Support configurable number of QCLed SSBs in NR-U for configured DRS transmissions. 

3. Random Access
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified:
	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1)



Following the approval during RAN Plenary #82 of a new WID related to 2-step RACH in NR [3] and except for the topics above mentioned, the 2-step RACH design is out of the scope of the NR-U WID. Hence, the proposals/observations in this section assume 4-step RACH as a baseline but are in principle also applicable to 2-step RACH as far as MsgA transmission is concerned.

To increase Msg1/MsgA transmission opportunities, several options were identified in [1], as listed within subclause 7.2.1.3.2. In the subsequent we discuss further the considered options.

1) Option 1.a. - Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA:
	
Multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands can provide robustness against LBT failures. Therefore, an efficient way to increase the transmission opportunities of Msg1/MsgA is to allow the configuration of PRACH resources on multiple 20 MHz sub-bands. The UE can select the PRACH resources to be used for transmission of Msg1/MsgA also based on the outcome of separate Listen-Before-Talk (LBT) procedures performed on different 20 MHz sub-bands. Such diversity in the carrier/frequency domain can improve the robustness of the random-access procedure in unlicensed spectrum.

It is assumed here that a UE is able to transmit on a single BWP, hence “sub-band” stands here for “20 MHz part of a BWP”.
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Figure 3: Frequency/carrier diversity for transmission Msg1/MsgA in NR-U RA procedure
This proposal is applicable when the BWP corresponds to at least two sub-bands, otherwise a single LBT procedure is performed. On the other hand this proposal is also applicable for UEs which do not support a bandwidth > 20 MHz; in such case the UE would not be able to perform multiple LBT procedures but it may select any of the available sub-bands and perform LBT on the selected sub-band.

Observation 4: Such proposal is applicable when the BWP corresponds to at least two sub-bands and also for UEs which do not support a bandwidth > 20 MHz. In such a case the UE would not able to perform simultaneous LBT on multiple sub-bands but it may select any of the available sub-bands and perform LBT on the selected sub-band.	

The gNB listens for the preamble transmission on all configured resources. Once it detects a RACH preamble on a given sub-band, it sends Msg2 on the same sub-band; it is assumed as a baseline that the UE performs the complete random access procedure in one sub-band at a time, i.e. the sub-band actually used for Msg1/MsgA transmission.

Proposal 6: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.
2) Option 2.a. - For connected mode UE, scheduling of PRACH resources via DCI: 
i. Triggered PRACH within TXOP can use a new resource

Option 2.a. is an efficient mechanism to provide robustness against LBT failures. That can be supported e.g. by allowing PRACH resources being multiplexed in UL portion of a shared COT acquired by the gNB as discussed in [5]. A group-common PDCCH can be used to schedule PRACH resources within the COT. It is seen beneficial to enable this option for idle mode UEs as well. 

Proposal 7: Support PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB both for idle and connected mode UEs.

3) Option 2.b. - For idle mode UE, scheduling of PRACH resources via paging
i. 	Note: potential inefficiency in network resource due to paging across multiple cells
It’s unclear what would be benefit from option 2.b. compared to regular RMSI based RACH resource allocation in idle mode. Furthermore, as paging is transmitted across multiple cells the overhead would be potentially significant. In particular the following should be clarified:
- Is it the intention to schedule PRACH resources via every paging message ? 
Or is there any additional indication needed ?
- For a paging message via which PRACH resources need to be scheduled, is it the intention to schedule PRACH resources immediately after the PDSCH carrying the paging message ?
Observation 5: Benefits from 2.b. in idle mode are not clear and should be anyway balanced with the drawbacks indicated in the above note. 
4) Option 2.c. - Additional, new RACH resources are used immediately following detection of DRS transmission
DRS is expected to have CORESET for PDCCH and thus PDCCH (e.g. GC-PDCCH) can be used to schedule resources after DRS which is actually similar to option 2.a.

Observation 6: Option 2.c. is covered in option 2.a.

Proposal 8: Remove option 2.c. as it is already covered in option 2.a.

5) Option 2.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

Allowing UE to transmit multiple Msg1 before end of the RAR window was discussed already quite extensively during Rel-15 NR SI/WI phases. Motivation was mainly a latency reduction for a UE without beam correspondence but was not agreed because of added interference (uncontrolled interference) and load, and that UE beam correspondence capability is transparent in random access procedure. In NR-U we don’t see motivation to introduce possibility to transmit multiple Msg1 before end of RAR window. What is needed is to provide UE with multiple Msg1 transmission opportunities, which provides robustness against LBT, i.e. option 2.d. is not NR-U specific issue. Furthermore, for RAR robustness against LBT, extended RAR window is considered to be enough.

Proposal 9: Do not support multiple Msg1 transmissions from a UE before end of RAR window. 

6) Option 2.e. - Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Rel-15 NR baseline supports multiple ROs per SSB in both frequency and time domains. Furthermore, an association period, starting from frame 0, for mapping SSBs to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 in [6] such that SSBs are mapped at least once to the ROs within the association period.

Related agreement from RAN1#AH1801:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, no SS/PBCH blocks are mapped to these leftover ROs 

Within an association period there are multiple full cycles for mapping SSBs to ROs. Effectively, with the existing standard the same effect that option 2.e. targets can be achieved by mapping multiple SSBs to 1 RO. The standard allows up to 16 SSBs to be mapped to one RO. For instance, let’s assume that there are 32 actually transmitted SSBs, with a PRACH configuration that has 8 ROs within one PRACH configuration period (as an example). In this case,

ROs 0, 2, 4 and 6 are associated with SSB 0 to 15
ROs 1, 3, 5 and 7 are associated with SSB 16 to 31

Proposal 10: Remove option 2.e. as it can be supported already by Rel-15 NR.

4. RRM/RLM
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified:
	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)


4.1 RRM/RLM framework
As stated within [1], subclause 7.2.2.3.1:

For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments.

Additionally and as stated within [1], subclause 7.2.1.3.2:

[bookmark: _Hlk527056215]Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure have been identified and studied.
For RLM on an unlicensed SpCell and RRM, it is considered beneficial to configure DMTCs (DRS Measurement Time Configuration) in which UEs can perform measurements. It is considered beneficial that these time-domain measurement windows for RRM measurements and RLM can be different. RLM DMTC may coincide with DRS transmission window. For RLM, the following recommendations are considered beneficial for further design when the specifications are developed:
-	Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS. The 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 RLM measurement window 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 determined when the specifications are developed.
It is beneficial to support reporting of RSSI. Furthermore, it is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI, as also noted from a higher-layer perspective in Section 7.2.2.3.1. The exact definition of the metric(s) can be considered when specifications are developed.
The remaining part of this contribution provides our views related to the modifications of the RRM/RLM NR framework, including the topics above mentioned.
4.2 CSI-RS transmission for RRM/RLM 

Except otherwise indicated, this section applies for both RRM and RLM topics.

4.2.1 CSI-RS transmission outside of the DMTC window

Since such opportunistic transmission for RLM purposes has been already identified within [1] (see also the RLM section below), only RRM aspects will be addressed here.

As for a UE in idle mode CSI-RS measurements are not applicable, the main use of CSI-RS RRM measurements will be related to Connected mode mobility. As such performing CSI-RS transmission outside of the DMTC window may lead to additional complexity and may not be compatible with the strict timing requirements for neighboring cells monitoring.
Another issue is related to CSI-RS transmission power, as the network shall adjust CSI-RS transmission power because of e.g. different PSD requirements depending on the transmission bandwidth. To ensure reliable RRM measurements – and e.g. a reliable evaluation of the pathloss - it has been agreed for LTE-LAA that the network should guarantee a constant CRS power transmission inside the DMTC window, such constraint being not valid outside of the DMTC window; hence for LTE-LAA no RRM measurements are performed outside of the DMTC window.
It is therefore proposed not to support CSI-RS-based RRM measurements outside of the DMTC window.

Proposal 11: CSI-RS-based RRM measurements outside of the DMTC window are not supported.

4.2.2 Implicit/explicit indication of DRS and/or CSI-RS transmission

Once initial access is performed, the UE is expected to be implicitly aware of the DRS transmission characteristics in the serving cell(s), including DRS timing. Hence the UE should be able to detect any missing DRS transmission because of an LBT failure.

Observation 7: It is not needed to provide the UE with explicit indication of DRS transmission.

Related to CSI-RS transmission outside of the RLM DMTC window, the presence of CSI-RS transmission can be determined based on COT structure indication in GC-PDCCH; otherwise no additional indication to the UE is expected to be needed.

Observation 8: No explicit indication to the UE of CSI-RS transmission outside of the RLM DMTC window other than COT structure indication in GC-PDCCH is expected to be needed.

4.3 Impacts of LBT upon RRM measurements
The considerations and proposals in this section apply to RRM measurements in both RRC connected mode and idle/inactive mode.

4.3.1 RRM measurements based on SSB and/or CSI-RS
As the UE is aware of SSB/CSI-RS configuration we believe it is reasonable to assume the UE can detect the presence of the SSB/CSI-RS. Thus, missing L1 samples due to e.g. LBT can be identified and removed. Of course, this means there may be fewer samples in L1 measurement period. However, in agreement with what discussed and concluded in RAN2, we think L3 measurement filter should be able to accommodate this - as it was also concluded for RRM measurements in LTE-LAA.
Proposal 12: Missing L1 samples due to LBT are handled in UE implementation specific manner by adapting the input rate to the L3 filter. No changes to the Specifications are needed to address impacts of LBT on RRM measurements based on SSB and/or CSI-RS.

4.3.2 Cell-quality indicator
In Rel-15 NR the cell-quality indicator is calculated as the linear average of up to N best beams (at a given moment) that are above a certain absolute threshold - before L3 filtering. If one of the best N beam fails because of e.g. LBT, the corresponding L1 measurement may be somehow corrupted. However, this only becomes a relevant issue in case multiple SSB-beams are supported in NR-U. If only single-SSB beam is supported by the gNB, then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
Observation 9: If only single-SSB beam is supported by the gNB then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
On the other hand to support multi-SSB beams there are two possible ways to handle the cell-quality indicator (see figure 4):
A. Use the Rel-15 NR approach, i.e. the cell-quality indicator is periodically computed as the average of the N best beams above a threshold, the final cell-quality indicator being built from these periodic computations.
B. Perform for each beam measurement over a given period (including L3 filtering as by Proposal 12), the final cell-quality indicator being built by averaging the N best L3 filtered beam measurements.
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Figure 4: Two possible ways to handle the cell-quality indicator
Both approaches guarantee that L3 filtering compensates for the missing SSB/CSI-RS. The main advantage of Option B could be that as individual beam measurements are computed over a given period, the impact of missing SSB/CSI-RS for a given beam is less sensitive than for the Rel-15 NR approach (Option A), leading to a more robust cell-quality indicator. On the other hand, assuming a pseudo-random missing SSB/CSI-RS distribution both approaches are expected to be equivalent.
Given the above and as from a specifications complexity perspective the benefits are obvious, we propose to use the Rel-15 NR approach as a baseline for NR-U (i.e. Option A in Figure 4).
Proposal 13: To use the Rel-15 NR approach as a baseline for cell-quality indicator evaluation:
- When a single-SSB beam is supported by the gNB, as for RRM measurements based on SSB and/or configured CSI-RS.
- When multiple-SSB beams are supported by the gNB, as the average of N best beams above threshold before L3 filtering (Rel-15 NR approach).

4.3.3 RSSI and other metrics
As stated within [1], subclause 7.2.1.3.2, support of RSSI reporting has been identified as beneficial, along with an additional metric representing either channel occupancy or medium contention, which is consistent with LTE-LAA Specifications.

The RSSI - measured by the UE over a given bandwidth – corresponds to the signal strength received from the nodes belonging to the same operator plus the interferences coming from other nodes, including nodes from other operators and/or other RATs, which contribute to increase the interference level. For LTE-LAA a single RSSI measurement has been defined. As the signal strength received from the nodes belonging to the same operator can be directly measured by the UE from all the neighbour cells it monitors, the level of interferences can be derived from both these measurements and the RSSI.


On the other hand NR-U should be able to perform LBT on multiple 20 MHz sub-bands, for which the interference level coming from other nodes may be different. In order to improve sub-band selection (e.g. in the case several sub-band LBTs are successful at the same time) it is found beneficial to provide the gNB with RSSI measurements provided on a per sub-band basis, as for LTE-LAA.

Proposal 14: to use LTE-LAA as a baseline for both RSSI/channel occupancy metrics definition and RSSI measurements on a per sub-band basis.
4.4. RLM
About the current RLM framework in NR, UEs are provided RLM reference signal configurations by implicit determination or explicit configuration from the gNB. Both SS block and CSI-RS can be used as RLM-RS. The UE shall monitor the downlink quality based on the SSB and/or CSI-RS and assess the downlink radio link quality per every evaluation period. However, in NR unlicensed spectrum, the periodical transmission of RLM-RS may be interrupted due to LBT failure as shown in Fig.5. 


Figure 5: Periodical RLM-RS transmission in NR-U
Once the gNB misses the RS transmission due to the failed LBT, it must wait until the next transmission opportunity. Furthermore, the gNB may fail to access the channel for several consecutive periods. In this case, the UE may not exactly know the radio link status because the UE cannot distinguish whether the radio quality is poor, or the reference signals are not transmitted due to LBT failure. In this case, if the UE always reports OOS indication to higher layers even if the channel condition is good, the inaccurate measurement result may lead to unnecessary RLF. On the other hand, if the UE always doesn’t report OOS indications when it cannot detect any of its configured RLM-RS resources, this will result in unacceptable delays in declaring RLF. Therefore, the RLM/RLF mechanism may be impacted by the possible lack of reference signals due to LBT.
As also discussed in the section on RRM it was agreed that a similar DRS transmission design based upon DMTC(s) configuration - as standardized for LTE-LAA - will also be introduced for NR-U. As defined in LTE-LAA, the DRS is transmitted in a predictable timing configuration, here referred to as the DRS Measurement Time Configuration (DMTC). The presence of DRS in unlicensed spectrum can be expected because the gNB would always attempt to transmit the DRS with one or multiple transmission opportunities in the DMTC; on the other hand, high-priority LBT defined for DRS in LTE-LAA may also be used to improve the success probability of DRS transmission.
In case the UE cannot detect any DRS transmission during the DMTC window, it cannot distinguish whether this is due to poor link quality or because the DRS transmission is blocked by LBT. Therefore, the event of the UE not detecting any DRS transmissions within the DMTC window should also be counted in the out-of-sync evaluations. How to count the missing DRS samples within the DMTC window in the out-of-sync evaluations is for RAN4 to be discussed. 
Proposal 15: The event of the UE not detecting a DRS transmission within the DMTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DMTC window in the out-of-sync evaluations is for RAN4 to be discussed.
As by proposal 15, LBT blocking within the DMTC window may result in unnecessary declaration of RLF. Though periodic RLM-RS transmission outside the DDMTC window are less reliable that DRS transmissions within the DMTC, they can still be used for RLM purposes. To allow for faster RLM recovery in case DRS transmission within the DMTC is blocked, we propose that detected L1 samples outside the DMTC in correspondence of configured RLM-RS resources can also be used in the in-sync evaluations
Proposal 16: L1 samples outside the DMTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
As by proposal 16, outside of the DMTC window the samples based on the detection of DMTC(s) can be used for the in-sync evaluations. It seems that the number of detected RLM-RS signals, which relies on the RLM-RS periodicity and the success probability of LBT, may impact the in-sync evaluation performance. The RLM-RS signals used for in-sync evaluations might not have sufficient density when the periodical RLM-RS signal could not always be transmitted periodically at the configured time resource due to the unsuccessful channel access. 
Observation 10: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT. 
Hence, further enhancements for RLM-RS signal outside of the DMTC window need to be investigated, especially for long periodicity of RLM-RS resources. For example, when the gNB could not send the RLM-RS signal for pre-defined time duration (e.g., K=2 consecutive periods), an additional opportunity window could be triggered as shown in Fig.5, where some additional occasions of RLM-RS signal transmission should be introduced. Besides the legacy periodical RLM-RS signal (i.e., SSB/CSI-RS), the opportunistic RLM-RS signal can also be extended to include additional reference signals such as DMRS (i.e., Group common DMRS or UE-Specific DMRS) in PDCCH or UE-Specific DMRS in PDSCH if they happen to be transmitted in the opportunity window.
Proposal 17: For outside the DMTC window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.


Figure 6: Opportunistic RLM-RS transmission in one triggered window in NR-U



6. Conclusions
In this contribution, we have discussed potential changes and enhancements needed for physical layer procedures for NR unlicensed scenarios. Based on the discussion, we make the following proposals and observations:
DRS Transmission
Proposal 1: The duration of DRS transmission window is at most 5 ms, periodicity is ≥ 40 ms, and Cat 2 LBT is applied prior to DRS transmission.

Proposal 2: Maximum number of SSB candidate positions, Y, within a DRS transmission window is:
· 10 with 15 kHz SCS
· 20 with 30 kHz SCS
Proposal 3: Frame timing from detected SS/PBCH block in NR-U can be determined similarly as in Rel15 at FR2, i.e. 3 LSBs of SSB index carried in DMRS and MSBs of SSB index carried in PBCH payload bits.
Proposal 4: The beam index (i.e. relationship between SSB index and QCL assumption) is determined using a modulo operation from the SSB index, num of SSBs within a DRS transmission per beam and the number of DRS beams in the cell that UE needs to read either from RMSI or from PBCH: 
beam index = mod(floor(detected SSB index/num of SSBs within a DRS transmission per beam), num of DRS beams in the cell). 
num of SSBs within a DRS transmission per beam may be larger than one for configured DRS transmissions
Observation 1: NR-PSS and NR-SSS are transmitted with 10.2 or 7.2 dB lower transmission power, when using 15 or 30 kHz SCS, than downlink signal that is spread across the 20 MHz sub-band.
Observation 2: Single SSB detection performance in NR-U assuming Rel15 structure is relatively poor, supporting cell radius way below 100 m. 
Observation 3: It would be beneficial to improve detection performance of the DRS both in single-beam and multi-beam configuration (i.e. DRS transmitted using one beam).
Proposal 5: Support configurable number of QCLed SSBs in NR-U for configured DRS transmissions. 


Random Access
Observation 4: Such proposal is applicable when the BWP corresponds to at least two sub-bands and also for UEs which do not support a bandwidth > 20 MHz. In such a case the UE would not able to perform simultaneous LBT on multiple sub-bands but it may select any of the available sub-bands and perform LBT on the selected sub-band.	

Proposal 6: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.
Proposal 7: Support PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB both for idle and connected mode UEs.

Observation 5: Benefits from 2.b. in idle mode are not clear and should be anyway balanced with the drawbacks indicated in the above note. 
Observation 6: Option 2.c. is covered in option 2.a.

Proposal 8: Remove option 2.c. as it is already covered in option 2.a.

Proposal 9: Do not support multiple Msg1 transmissions from a UE before end of RAR window. 

Proposal 10: Remove option 2.e. as it can be supported already by Rel-15 NR.

RRM/RLM
Proposal 11: CSI-RS-based RRM measurements outside of the DMTC window are not supported.

Observation 7: It is not needed to provide the UE with explicit indication of DRS transmission.

Observation 8: No explicit indication to the UE of CSI-RS transmission outside of the RLM DMTC window other than COT structure indication in GC-PDCCH is expected to be needed.

Proposal 12: Missing L1 samples due to LBT are handled in UE implementation specific manner by adapting the input rate to the L3 filter. No changes to the Specifications are needed to address impacts of LBT on RRM measurements based on SSB and/or CSI-RS.

Observation 9: If only single-SSB beam is supported by the gNB then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
Proposal 13: To use the Rel-15 NR approach as a baseline for cell-quality indicator evaluation:
- When a single-SSB beam is supported by the gNB, as for RRM measurements based on SSB and/or configured CSI-RS.
- When multiple-SSB beams are supported by the gNB, as the average of N best beams above threshold before L3 filtering (Rel-15 NR approach).

Proposal 14: to use LTE-LAA as a baseline for both RSSI/channel occupancy metrics definition and RSSI measurements on a per sub-band basis.

Proposal 15: The event of the UE not detecting a DRS transmission within the DMTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DMTC window in the out-of-sync evaluations is for RAN4 to be discussed.
Proposal 16: L1 samples outside the DMTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
Observation 10: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT. 
Proposal 17: For outside the DMTC window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.
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