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1. Introduction

In RAN1#93 meeting [1], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· 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

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:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied


In this contribution, we discuss potential physical layer procedures for NR-U operation, especially for SS/PBCH transmission, RACH procedure, RRM measurement, and mobility support.
2. SS/PBCH block (SSB) transmission
2.1. SSB functionalities
Considering NR-U supports stand-alone operation in addition to licensed-assisted access, at least following functionalities are required for SSB.
· Cell acquisition

· RRM measurement

· RLM

· Coarse (or fine) time/frequency synchronization

It should be noted that depending on the functionality for SSB, following aspects can be differently considered.
· Periodicity

· Which signal/channel is multiplexed with the SSB

· Whether deferred SSB transmission is supported or not
For instance, the periodicity (e.g., 40/80/160 msec) required for SSB to be used for RRM measurement can be longer than that (e.g., 20 msec) required for SSB having the functionality of cell acquisition or RLM. For another instance, if SSB for fine time/frequency synchronization can be transmitted every 5 msec, it may not be multiplexed with RMSI while SSB for cell acquisition can be transmitted with RMSI within a transmission burst.
Observation#1: Based on which functionality (e.g., cell acquisition, RRM measurement, RLM, time/frequency synchronization) is facilitated by an SSB, following design aspects need to be differently considered.
· Periodicity for the SSB

· Which signal/channel is multiplexed with the SSB

· Whether deferred transmission for the SSB is supported or not

2.2. SSB transmission with channel access procedure (CAP)
In this section, we discuss how to transmit SSB depending on the outcome of CAP. At least for SSB for the purpose of cell acquisition, RRM measurement, and RLM, deferred SSB transmission within a window should be supported. In LAA, discovery signal (including PSS/SSS/CRS) is composed of 12 symbols and in case of CAP failure, discovery signal transmission is postponed to the next subframe(s) within DMTC window. Similarly, in NR-U, SSB transmission can be delayed to the next occasion(s). In detail, we enumerate two options for efficient transmission of SSB burst set.
· Option 1: Floating SSB

· SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

· The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within a window.
· CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.
We depict some examples for each option with respect to T1 or T2 (i.e., Figures 1 and 2 for Option 1 and Figures 3 and 4 for Option 2). In each figure, it is assumed that window for SSB burst set transmission is 6 slots, the maximum number of SSBs allowed for NR-U is 4, and the number of actually transmitted SSBs is 3. Also, SSBs with the same index implies that those have the same beam direction (or, those are applied with the same pre-coding matrix).

Figures 1 and 2 show examples for Option 1. The candidates for starting position of SSB burst set transmission have the interval of T1. We can observe that if T1 is shorter than the time needed for a SSB burst set transmission (i.e., in Figure 2), the transmission candidates for different SSBs can be overlapped and UE needs to differentiate those SSBs.
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Figure 1. Examples of Option 1 with T1=2 slots
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Figure 2. Examples of Option 1 with T1=1 slot
Figures 3 and 4 show examples for Option 2. The pattern for SSB transmission is predetermined with a periodicity of T2 between the same SSBs, regardless of the instance of CAP success. Compared to Option 1, gNB can perform CAP more frequently and starting SSB index can be different depending on SSB transmission starting position. T2 interval can correspond to the time duration needed for the maximum number of SSBs (as shown in Figure 3) or that needed for the number of actually transmitted SSBs (as shown in Figure 4).
[image: image3.emf]#1

CAP 

success

CAP failure

(a)

Window for SSB transmission

T2

slot #0 slot #1 slot #2 slot #3 slot #4 slot #5

(b)

(c)

#2 #3 #4

#1 #2 #3

#1 #2 #3 #4 #1 #2 #3 #4

#4

#1 #2 #3 #4


Figure 3. Examples of Option 2 with T2=2 slots
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Figure 4. Examples of Option 2 with T2=1.5 slots
As for suggested above two options, we need further discussion or comparison with various aspects. For instance, from the perspective of neighbour cell measurement, it should be investigated how UE can identify SSB index transmitted from neighbour cell. Furthermore, from the perspective of cell acquisition, further discussion on how UE can acquire frame index/boundary or slot index/boundary (e.g., by using PBCH DM-RS, PBCH contents) is essential.
Proposal #1: Study following SS/PBCH block burst set transmission options at least with the perspectives of neighbour cell measurement and cell acquisition.

· Option 1: Floating SSB
·  SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

·  The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within a window.
·  CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.

2.3. RMSI multiplexed with SSB
When we discuss how RMSI can be multiplexed with SSB, following aspects need to be considered.
· To minimize the gap within a SSB burst set transmission

· To provide more opportunities for RMSI multiplexed with SSB, considering CAP failure
Based on above considerations, we suggest to have multiple candidate positions for RMSI CORESET associated with a SSB to be transmitted in the same slot. For instance, as shown in Figure 5, for RMSI CORESET#n associated with SSB#n within the same half-slot, there are two candidate positions (i.e., symbol 0 or 1). In this case, even if CAP fails at symbol 0 boundary, gNB can try CAP again before symbol 1 boundary and can start transmitting SSB and associated RMSI in the slot if CAP succeeds before symbol 1 boundary.
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Figure 5. Example of SSB transmission with RMSI
Proposal #2: In order to minimize the gap within a SSB burst set transmission and provide more opportunities for RMSI multiplexed with SSB, consider to have multiple candidate positions in a slot for RMSI CORESET associated with a SSB to be transmitted in the same slot.
3. Random access procedure

Since channel occupation at a pre-defined slot cannot be guaranteed on unlicensed band, it would be desirable to provide multiple transmission opportunities within a time window (or over multiple CCs/BWPs) as shown in Figure 6. Especially, delayed transmission of PRACH preamble within a given slot (or RACH occasion) and/or over multiple RACH occasions can be allowed due to CAP failure, and the corresponding TA command can be interpreted at UE considering delayed time. In addition, considering COT (Channel Occupancy Time) based operation, dynamic allocation of RACH occasions/preamble resources can be used on top of semi-static configuration. 

Moreover, timing gap for CAP between RACH occasions can be configured to avoid potential collision between intra-cell UEs. Besides, regarding PRACH retransmission, UE may not apply transmit power ramping-up (or not increase RACH retransmission counter) if it hasn’t transmitted PRACH due to channel access failure. Furthermore, Msg3 (PUSCH) transmission corresponding to RAR on unlicensed band (based on CAP) may not always be necessary or can be avoided (e.g., Msg3 (PUSCH) on a licensed band without CAP). 
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Figure 6. Example of random access procedure in NR unlicensed band
Proposal #3: Consider the following enhancements for random access procedure in NR-U.

·  Provision of multiple transmission opportunities and flexible transmission timing (of random access preamble) considering channel access failure

·  Arrangement of the timing gap between RACH occasions

·  Consideration of channel access failure for random access preamble (re)transmission in terms of the maximum retransmission counter and the power ramp-up
In RAN1#93 meeting, it was discussed to consider 2-step RACH procedure for supporting random access on unlicensed band due to its potential benefit for channel access. Compared to 4-step RACH procedure, the 2-step RACH only consisting of the first MsgA (from UE to gNB) and the second MsgB (from gNB to UE), may be able to reduce CAP operation (and access latency) required in both UE and gNB sides. However, in order to effectively reduce the CAP (and latency), the amount of UL resources reserved for MsgA could, rather, be increased (compared to 4-step RACH for a same RACH occasion period) since the MsgA may need to be composed of preamble part and data part. Therefore, it is necessary to consider resource efficiency in terms of UL resource reservation for MsgA and standard efforts required to design MsgA as well as MsgB for the 2-step RACH in advance (then, decide whether to introduce it).
Proposal #4: Consider 4-step RACH procedure as baseline for random access in NR-U.

·  Study further on 2-step RACH procedure with consideration of resource efficiency in terms of UL resource reservation for MsgA (from UE to gNB) and standard efforts required to design MsgA as well as MsgB (from gNB to UE).

There would be some issues to be addressed if the 2-step RACH is introduced. Firstly, it may need to consider how to design MsgA in terms of composing preamble part and data part in physical domain (e.g. based on TDM or FDM), generating the data part signal for gNB processing/detection with asynchronous reception (e.g. repeated pattern in time), and pairing the parameters used for transmission of the preamble and the data (e.g. RACH occasion, preamble index, scrambling/DMRS for data). Secondly, it may also need to consider how to design MsgB format/structure (e.g. RAR/Msg4-like format or RAR+Msg4 structure) which may have dependency with the parameters for MsgA transmission, and UE response to the MsgB reception. Thirdly, it may need to consider how to support MsgA retransmission (e.g. always whole MsgA or data part only or both) which may have dependency with the above the gNB detection feasibility (and/or MsgA/B structure/design). Furthermore, it may also need to consider whether/how to support both 4-step RACH and 2-step RACH (simultaneously) in NR-U situation (e.g. selecting and/or switching between two RACH types).

4. Measurement and mobility support

· RRM measurement
· SSB-based RRM measurement
In NR system, SS/PBCH block could be used as basic reference signal for neighbour cell measurement for mobility. Since default periodicity of SS/PBCH block is 4 times longer than SS in LTE system, cell searcher for NR system has larger complexity than LTE system. In order to reduce UE complexity, SMTC window is defined for NR system, and SS/PBCH blocks for neighbour cell measurement should be confined within SMTC window. Considering simple design and UE complexity, it might be beneficial that RRM measurement in NR-U system is also based on SS/PBCH blocks within SMTC window, like NR system in licensed band.
Proposal #5: For SSB-based RRM measurement in NR-U, SSB within SMTC window is used like NR system in licensed band.

· SSB transmission in SMTC
In unlicensed band, since LBT operation is also applied to SSB transmission, periodic transmission characteristics might not be maintained. Especially in high loaded system, transmission drop degrades mobility performance due to infrequent measurement. Therefore, in order to maintain the periodicity as possible, deferred transmission of SSB could be allowed within SMTC window similar to DRS transmission in LAA and timing position of SSB transmission might be variable within SMTC window. In addition, since multiple SSB transmissions could be configured in NR system, UE should blindly detect SSB transmission position according to SSB index, which might need large UE complexity. Therefore, it is needed to study SSB transmission rule within SMTC window to minimize UE complexity.

Proposal #6: SSB transmission within SMTC window could be deferred by LBT, and SSB transmission rule should be studied considering UE complexity for RRM measurement. 

· Measurement window for Serving cell measurement
In multiple beam scenario, when UE measures SSB within SMTC while sweeping receiving beam, SSB within SMTC window could not be used for serving cell measurement (e.g. Beam failure detection, Time and frequency tracking, etc). Therefore, it might be desirable that SSBs outside SMTC window are transmitted for serving cell measurement and deferred transmission is also applied to the SSBs outside SMTC window for periodic transmission. Based on the discussion, we can consider that additional measurement (or transmission) window similar to SMTC window is configured for serving cell measurement.

Proposal #7: Study the necessity of additional measurement window similar to SMTC window for serving cell measurement.
· CSI-RS transmission for RRM
Since the minimum unit of configuration for CSI-RS time-domain resource is single OFDM symbol, CSI-RS might be more beneficial to beam sweeping than SS/PBCH. So, CSI-RS is also defined as reference signal for neighbour cell measurement in fine beam-level, in addition to SS/PBCH block in NR system. However, considering transmission of reference signal could be deferred by LBT (for periodic transmission like SSB within SMTC window), UE needs to detect the deferred transmission and measure CSI-RS in actual transmission position, which leads to very large UE complexity because CSI-RS does not provide synchronization property unlike SS/PBCH block. In order to mitigate the UE complexity, we need to study transmission rule of CSI-RS for RRM measurement.
Proposal #8: Study the transmission rule of RRM CSI-RS in order to mitigate UE complexity while maintaining periodic transmission.
· RSSI measurement
In addition to RSRP, RSRQ and RS-SINR for RRM measurement, RSSI report can be introduced for NR-U operation. RSSI measurement can be used for the various purposes, e.g. traffic load measurement from hidden node, overall interference measurement, per-beam load characteristics, etc. Therefore, we need to study the objective of RSSI measurement and the resource properties according to the objective.

Proposal #9: Study the objectives of RSSI measurement and the resource properties for the objective (e.g., RSSI measurement triggering method (periodic, aperiodic, or event-based), measurement resource for RSSI measurement, whether measurement report is per-beam or per-cell in multi-beam scenario).
· RLM operation in NR-U
· Basic RLM operation in NR-U

In NR system, hypothetical PDCCH BLER is defined as measurement metric and SS/PBCH and/or CSI-RS could be configured as the reference signals for radio link monitoring (RLM). In multi-beam scenario, the configured resources of SS/PBCH block and/or CSI-RS correspond to the candidate PDCCH beams, not the serving PDCCH beam. The periodic IS/OOS is determined based on the channel quality of all the configured RLM-RS resources. Assuming that NR-U adopts similar RS structure and beam management process, same RLM procedure could be used for NR-U system.
Proposal #10: RLM measurement/procedure in NR-U basically follows RLM measurement/ procedure for NR licensed band.
· Measurement window for RLM

Similar to that deferred transmission is considered for RRM measurement within SMTC window, we can also consider deferred transmission for RLM-RS within a window to guarantee its periodic transmission as much as possible. It would be more considerable in that if RLM-RS can be dropped by LBT failure, a UE would not indicate periodic IS/OOS to higher layer even in case the UE has good channel quality. One simple way is to share SMTC window with a measurement window for RLM. However, it should be noted that how to handle receiving beam in the measurement window for RLM can be different depending on the configuration of RLM-RS (e.g., if RLM-RS is QCLed with PDCCH DM-RS, RLM operation does not need beam sweeping). Therefore, we need to consider additional measurement window besides SMTC window for serving cell measurement.
· LBT operation for RLM-RS
In NR system, CSI-RS could be transmitted with wide transmission bandwidth in order to measure radio link quality over the whole system bandwidth, where the transmission bandwidth of CSI-RS might be wider than the bandwidth for LBT. This may lead to more frequent LBT failure and interrupt periodic indication of IS/OOS. Therefore, we need to study impact of LBT failure of RLM CSI-RS on RLM operation. Based on the impact analysis, it might be needed to study transmission of RLM CSI-RS and the corresponding RLM operation in case that the CSI-RS transmission bandwidth is wider than bandwidth LBT.

Proposal #11: Study impact of LBT failure of DL RS for RLM on the RLM operation.
Proposal #12: Study transmission of CSI-RS for RLM and the corresponding RLM operation in case that the CSI-RS transmission bandwidth is wider than bandwidth for LBT.

· Additional RLF condition
In addition, in case of high traffic load from other operator’s system or other RAT, UE could not transmit traffic burst within in the pre-defined duration due to LBT. That is, UE could not communicate with serving cell, similar to OOS condition from poor channel quality. Therefore, it might be beneficial that UE camps on other frequency band in case of too frequent deferred transmission or no transmission due to LBT. It is similar to RLF procedure from OOS, and we need to study additional RLF condition considering LBT. 

Proposal #13: Study how to handle periodic indication in case of deferred transmission of RLM-RS and additional RLF condition considering LBT.
5. Conclusion
In this contribution, we provided our views on SS/PBCH transmission, RACH procedure, RRM measurement, and mobility support for NR unlicensed operation, and observation and proposals are as follows.
Observation#1: Based on which functionality (e.g., cell acquisition, RRM measurement, RLM, time/frequency synchronization) is facilitated by an SSB, following design aspects need to be differently considered.

· Periodicity for the SSB

· Which signal/channel is multiplexed with the SSB

· Whether deferred transmission for the SSB is supported or not

Proposal #1: Study following SS/PBCH block burst set transmission options at least with the perspectives of neighbour cell measurement and cell acquisition.

· Option 1: Floating SSB
·  SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

·  The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within a window.
·  CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.

Proposal #2: In order to minimize the gap within a SSB burst set transmission and provide more opportunities for RMSI multiplexed with SSB, consider to have multiple candidate positions in a slot for RMSI CORESET associated with a SSB to be transmitted in the same slot.
Proposal #3: Consider the following enhancements for random access procedure in NR-U.

·  Provision of multiple transmission opportunities and flexible transmission timing (of random access preamble) considering channel access failure

·  Arrangement of the timing gap between RACH occasions

·  Consideration of channel access failure for random access preamble (re)transmission in terms of the maximum retransmission counter and the power ramp-up
Proposal #4: Consider 4-step RACH procedure as baseline for random access in NR-U.

·  Study further on 2-step RACH procedure with consideration of resource efficiency in terms of UL resource reservation for MsgA (from UE to gNB) and standard efforts required to design MsgA as well as MsgB (from gNB to UE).

Proposal #5: For SSB-based RRM measurement in NR-U, SSB within SMTC window is used like NR system in licensed band.

Proposal #6: SSB transmission within SMTC window could be deferred by LBT, and SSB transmission rule should be studied considering UE complexity for RRM measurement. 

Proposal #7: Study the necessity of additional measurement window similar to SMTC window for serving cell measurement.
Proposal #8: Study the transmission rule of RRM CSI-RS in order to mitigate UE complexity while maintaining periodic transmission.
Proposal #9. Study the objectives of RSSI measurement and the resource properties for the objective (e.g., RSSI measurement triggering method (periodic, aperiodic, or event-based), measurement resource for RSSI measurement, whether measurement report is per-beam or per-cell in multi-beam scenario).
Proposal #10: RLM measurement/procedure in NR-U basically follows RLM measurement/ procedure for NR licensed band.
Proposal #11: Study impact of LBT failure of DL RS for RLM on the RLM operation.
Proposal #12: Study transmission of CSI-RS for RLM and the corresponding RLM operation in case that the CSI-RS transmission bandwidth is wider than bandwidth for LBT.
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