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1. Introduction
During RAN plenary #78, the Release 15 NR Specifications supporting licensed band operation were approved. Before that a NR Study Item dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75 and updated in RAN plenary #81 [1].
In this contribution, we discuss about initial access and mobility related physical layer procedures for NR-U. We consider the following procedures:
· Initial Access
· Random Access
· RRM
· RLM

2. Initial Access
In RAN1#94 it was recommended to define a mechanism to transmit SSBs dropped due to LBT failure:
	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




Please refer to our companion contribution [2] for this topic; for the reader’s convenience related proposals are reminded below.
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[bookmark: _Ref525285030]Figure 1 Multiple DRS opportunities within a 5 slots window which occurs periodically.
Proposal 1: Support multiple transmission opportunities for the DRS confined within one slot by having a number of consecutive slots within a fixed window that occurs periodically (e.g. with 40 or 80 ms period). 
Proposal 2: Before defining a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB it should be clarified that multi-beam approach is beneficial and supported for below 7 GHz NR-U.

3. Random Access
In RAN1#93 the following agreements were made related to random access procedure:
	Agreement:
The following modifications to initial access procedures are beneficial
    …
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access



In RAN1#94 the following agreements were made related to random access procedure:
	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



In RAN#81 the following agreements were made related to random access procedure:
	Agreement: 
· A common 2-step RACH design for various use cases is desirable 
· PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs (no SIDs updates) 
· 2-step RACH can be included in a later Rel-16 WI, per normal approval process.
· Higher layer aspects of 2-step RACH can be studied within NR-U SI with the understanding that higher priority should be given to the feasibility of NR-U operation in the architectures described in the NR-U SID [RP-181339] and aspects that may require input from SA WGs




Following RAN#81 agreements, RAN1 is not expected to address 2-step RACH design during the NR-U Study Item phase. Hence, the proposals/observations in this section assume 4-step RACH as a baseline but are in principle also applicable to 2-step RACH.

Observation 1: As RAN1 is not expected to address 2-step RACH design during the NR-U Study Item phase, the proposals/observations in this section assume 4-step RACH as a baseline but are in principle also applicable to 2-step RACH.

To increase Msg1 transmission opportunities, the following alternatives were discussed in RAN1#94 [3]:

Alternatives:
· Alt-1: Define multiple PRACH resources in frequency domain
· Alt-2: Support dynamic scheduling of PRACH resources
· Alt-3: Configure multiple RACH occasions (ROs) per SSB (may already be supported in Rel-15)
· Alt-4: Increase number of PRACH transmission opportunities
· Alt-5: allow multiple SSB location mapping to one PRACH occasion
· Alt-6: Pre-defined RACH resources immediately following the DRS transmission 

From the discussed alternatives, Alt-1, Alt-2, Alt-3 and Alt-5 would be beneficial in NR-U. In Alt-1 however, FDMed PRACH resources within the same sub-band don’t increase transmission opportunities because LBT is performed in sub-band basis. 

Observation 2: Multiple PRACH resources in frequency domain within a sub-band doesn’t increase robustness against LBT failures as LBT is performed in sub-band basis.

On the other hand, 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.
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Figure 2 Frequency/carrier diversity for transmission Msg1/MsgA in NR-U RA procedure

Proposal 3: To increase the robustness of the RA procedure in unlicensed spectrum, NR-U introduces the possibility to configure a UE with PRACH resources on multiple 20 MHz sub-bands. The UE selects the PRACH resources to be used for the transmission of Msg1/MsgA also based on the outcome of separate LBT procedures performed on different 20 MHz sub-bands.

On the other hand, it is assumed as a baseline that the UE performs the complete random access procedure in one sub-band at a time.

[bookmark: _Hlk525833369]Proposal 4: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.

Alt-2 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 [4].

Observation 3: Allowing PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB would enhance transmission opportunities for Msg1.

Proposal 5: Support dynamic scheduling of PRACH resources. 

Alt-3 provides mechanism against LBT failures in a subband by allowing configuring multiple ROs per SSB. It’s to be noted that it is already supported in Rel-15.

Proposal 6: Support configuring multiple ROs per SSB (supported in Rel-15).

Alt-5 is beneficial to cope with LBT failures on SSBs in a way that the RO selection for the Msg1 does not need to be delayed depending on LBTs on DRSs/SSBs. On the other hand, multiple SSB to one RO mapping is also supported in Rel15 as a configuration option. 

Observation 4: Alt-5 is beneficial to cope with LBT failures on SSBs in a way that the selection of RO is not depending on LBTs on SSBs and thus delay the RACH procedure.

4. RRM
In RAN1#93 the following agreements were made related to DRS transmission design:
	Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access


In RAN1#94 the following agreements were made related to random access procedure:
	Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured



4.1 RRM framework
The baseline Rel-15 NR specifications introduce the concept of SS block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. The NR SMTC framework presents several similarities with the LAA DRS measurement timing configuration (DMTC) framework, which was introduced in Rel-13 LAA to handle the time unpredictability in the transmission of DRS for the purpose (among others) of performing RRM measurements. 

Also based on the RAN1#93 agreements reported above, we envision that a similar DRS transmission design as standardized for LAA will also be introduced for NR-U, as summarized in section 2. The NR-U DRS will be transmitted with a certain periodicity, while the actual transmission of the NR-U DRS is allowed within a window of opportunity to overcome the negative effects of impending channel unavailability due to Listen-Before Talk (LBT).  
Observation 5: A similar DRS transmission design as standardized for LAA is likely to be introduced in NR-U. The transmission of the NR-U DRS is allowed within a window of opportunity that repeats with a certain periodicity.

Under this assumption, we expect that the NR SMTC framework can be largely reused in NR-U to handle the uncertainty introduced by LBT on the transmission of reference signals for mobility and RRM purposes. 

Proposal 7: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

However, some modifications and/or extension of the NR SMTC framework may be needed. For example:

· Depending on the NR-U DRS transmission design, a new set of SMTC window durations and/or periodicities may need to be defined for operation in unlicensed spectrum.

· In NR, CSI-RS measurements can be configured with a given periodicity and offset (either relative to the serving cell timing or to a specific SSB of the measured cell), but the “duration” of a CSI-RS occasion is fixed to one slot. Since LBT may prevent the gNB from to transmitting CSI-RS in the corresponding slot, the SMTC framework may need to be extended to also cover CSI-RS-based RRM measurements (basically introducing a window of opportunity for the transmission on CSI-RS for mobility and/or RLM purposes). 

· The SMTC framework may also need some modifications to enable the UE to detect and measure unsynchronized NR-U cells. This may especially be true for RRM measurements requiring measurement gaps, and in cases the minimum DRS periodicity in an NR-U cell is larger than the maximum SMTC window and/or measurement gap duration that can be configured to the UE.
Proposal 8: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.

The considerations and proposals in this section apply to RRM measurements in both RRC connected mode and idle/inactive mode.
4.2 RRM measurements
Some discussion papers have been submitted to RAN2 [4] [5] [6] [7] addressing the potential impact of LBT on RRM measurements. As we think the impact of LBT on RRM measurements is RAN1 topic, in this section we present our view on some of the issues discussed in the above-mentioned papers.

4.2.1 RRM measurements based on SSB and/or CSI-RS
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 [3] and [4], we think L3 measurement filter should be able to accommodate this - as it was also concluded for RRM measurements in LAA.
Proposal 9: 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.

4.2.2 Cell-quality indicator
In 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 as we propose in [2], 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 10: Before discussing the impact of LBT on cell-quality indicator it should be clarified that multiple SSB-beams approach is beneficial and supported for below 7 GHz NR-U.
5. RLM
In RAN1#93 the following agreements were made related to radio link monitoring procedure:
	Agreement:
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

Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access




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.3. 


Figure 3: 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, in RAN1#93 it was agreed that NR-U will introduce a signal similar to DRS in LAA, which contains at least SS/PBCH block. As defined in LTE-LAA, the DRS is transmitted in a predictable timing configuration, here referred to as the DRS transmission timing configuration (DTTC). 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 DTTC; on the other hand, high-priority LBT defined for DRS in LAA may also be used to improve the success probability of DRS transmission. With these characteristics, the DRS in NR-U, which consists of at least SSB and optionally CSI-RS resources, is very suitable to be used for the purpose of RLM.
Proposal 11: NR-U DRS can be used for the purpose of RLM.
In case the UE cannot detect any DRS transmission during the DTTC 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 DTTC window should also be counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed. 
Proposal 12: The event of the UE not detecting a DRS transmission within the DTTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed.
As by proposal 12, LBT blocking within the DTTC window may result in unnecessary declaration of RLF. Though periodic RLM-RS transmission outside the DTTC window are less reliable that DRS transmissions within the DTTC, they can still be used for RLM purposes. To allow for faster RLM recovery in case DRS transmission within the DTTC is blocked, we propose that detected L1 samples outside the DTTC in correspondence of configured RLM-RS resources can also be used in the in-sync evaluations
Proposal 13: L1 samples outside the DTTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
As by proposal 13, outside of the DTTC window the samples based on the detection of periodical RLM-RS (e.g. SSB or CSI-RS) 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 6: 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 DTTC 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.4, 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 14: For outside the DTTC 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 4: 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 observations and proposals:
Initial Access
Proposal 1: Support multiple transmission opportunities for the DRS confined within one slot by having a number of consecutive slots within a fixed window that occurs periodically (e.g. with 40 or 80 ms period). 
Proposal 2: Before defining a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB it should be clarified that multi-beam approach is beneficial and supported for below 7 GHz NR-U.
Random Access

Observation 1: As RAN1 is not expected to address 2-step RACH design during the NR-U Study Item phase, the proposals/observations in this section assume 4-step RACH as a baseline but are in principle also applicable to 2-step RACH.

Observation 2: Multiple PRACH resources in frequency domain within a sub-band doesn’t increase robustness against LBT failures as LBT is performed in sub-band basis.

Proposal 3: To increase the robustness of the RA procedure in unlicensed spectrum, NR-U introduces the possibility to configure a UE with PRACH resources on multiple 20 MHz sub-bands. The UE selects the PRACH resources to be used for the transmission of Msg1/MsgA also based on the outcome of separate LBT procedures performed on different 20 MHz sub-bands.

Proposal 4: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.
Observation 3: Allowing PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB would enhance transmission opportunities for Msg1.

Proposal 5: Support dynamic scheduling of PRACH resources. 

Proposal 6: Support configuring multiple ROs per SSB (supported in Rel-15).

Observation 4: Alt-5 is beneficial to cope with LBT failures on SSBs in a way that the selection of RO is not depending on LBTs on SSBs and thus delay the RACH procedure.

RRM

Observation 5: A similar DRS transmission design as standardized for LAA is likely to be introduced in NR-U. The transmission of the NR-U DRS is allowed within a window of opportunity that repeats with a certain periodicity.

Proposal 7: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

Proposal 8: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.

Proposal 9: 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.

Proposal 10: Before discussing the impact of LBT on cell-quality indicator it should be clarified that multiple SSB-beams approach is beneficial and supported for below 7 GHz NR-U.
RLM

Proposal 11: NR-U DRS can be used for the purpose of RLM.
Proposal 12: The event of the UE not detecting a DRS transmission within the DTTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed.
Proposal 13: L1 samples outside the DTTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
Observation 6: 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 14: For outside the DTTC 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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