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1 Introduction

In this contribution we discuss the following aspects of Msg1 transmission in unlicensed spectrum:

a) Whether UE needs to select SSB or not for Random Access Resource selection?
b) Should MAC entity select one or more Random Access Resources and inform the same to PHY?

2 Discussion
Whether to select SSB or not for Random Access Resource selection?

 Random Access Resource selection for transmitting Msg1 on licensed spectrum has the following steps [1]:

Step 1: SSB Selection

· CBRA: MAC entity selects a suitable SSB where an SSB is suitable if SS-RSRP of that SSB is above rsrp-ThresholdSSB. Selection of a suitable SSB amongst multiple suitable SSBs is up to UE implementation. If a suitable SSB is not available, MAC entity can select any SSB.
· CFRA: MAC entity selects a suitable SSB amongst the SSBs for which CF resource are configured.

Step 2: PRACH Preamble Selection

· CBRA: First MAC entity selects preamble group A or group B based on Msg3 size and/or path loss. MAC entity then selects a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.
· CFRA: MAC entity selects Random Access Preamble corresponding to selected SSB from the configured CF Random Access Preambles.

Step 3: PRACH Occasion Selection

· CBRA: MAC entity select the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB. If there are several consecutive PRACH occasions corresponding to selected SSB, MAC entity selects a PRACH occasion randomly with equal probability amongst these PRACH occasions.
· CFRA: MAC entity select the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex. If there are several consecutive PRACH occasions corresponding to selected SSB, MAC entity selects a PRACH occasion randomly with equal probability amongst these PRACH occasions.
In NR, multiple SSBs are supported not only in FR2 but also in FR1. Maximum number of SSBs supported are band specific (4(~3GHz), 8(3~6GHz), 64(6GHz~)). So during the random access procedure MAC entity selects an SSB irrespective of the type of frequency band (FR1 or FR2)  on which Msg1 is transmitted.
Observation 1: In licensed spectrum, multiple SSBs are supported in both FR2 and FR1.
Observation 2: In licensed spectrum, during the random access procedure the MAC entity selects an SSB irrespective of the type of frequency band (FR1 or FR2) on which Msg1 is transmitted. 
According to NR-U WID [2]: NR-U Discovery Reference Signal (DRS) contains at least SS/PBCH block burst set transmission. Multiple SSBs (upto 8) are supported in unlicensed spectrum [3]. 
Observation 3: Multiple SSBs are supported in unlicensed spectrum. 
Since multiple SSBs are also supported in unlicensed spectrum as in licensed spectrum, SSB selection procedure can be reused. During the Random Access Procedure initiated on an unlicensed serving cell, SSB is selected in similar manner as in licensed serving cell.

Proposal 1: During the Random Access Procedure initiated on an unlicensed serving cell, SSB is selected in similar manner as in licensed serving cell.
Whether MAC Entity selects one or multiple  PRACH Occasions?
In licensed spectrum, MAC entity selects one PRACH occasion and informs the same to PHY. Msg1 is transmitted in that PRACH occasion by PHY. 

In unlicensed spectrum, it is assumed that MAC entity selects Random Access Resource (i.e. Random Access Preamble, PRACH occasion) and informs the same to PHY. PHY performs LBT check. PHY transmits Msg1 in PRACH occasion if LBT success criteria is met and informs the MAC that Msg1 is transmitted. PHY does not transmit Msg1 in PRACH occasion if LBT success criteria is not met and informs the MAC that Msg1 is not transmitted. 

In unlicensed spectrum, selecting and informing only one PRACH occasion to PHY may delay the Msg1 transmission as explained below.
· Scenario 1: FDMed ROs mapped to an SSB span multiple sub-bands: In unlicensed spectrum multiple PRACH occasions across multiple LBT sub-bands can be configured to mitigate UL LBT failures. As shown in Figure 1, 8 FDMed PRACH occasions are configured wherein RO1 to RO4 are in sub-band 1 and RO5 to RO8 are in sub-band 2. Let's say MAC entity has selected an SSB X and all these PRACH occasions are mapped to SSB X. According to current procedure MAC entity randomly selects one PRACH occasion from RO1 to RO8. If selected PRACH occasion belongs to sub-band 1 and LBT is not successful in sub-band 1, PHY cannot transmit Msg1 in current association period even if LBT can be successful in sub-band 2. 
· If MAC entity has selected one PRACH occasion corresponding to selected SSB from each of sub-band 1 and sub-band 2 and informed the PHY about the same, PHY could have performed LBT check for sub-band 1 and sub-band 2 in parallel and transmitted the Msg1 in a sub-band where LBT was successful.
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Figure 1

Observation 4: Selection of multiple PRACH occasions corresponding to a selected SSB by MAC entity and informing the same to PHY is beneficial.
· Scenario 2: FDMed ROs in different sub-bands are mapped to different SSBs: In unlicensed spectrum multiple PRACH occasions across multiple LBT sub-bands can be configured. As shown in Figure 2, 8 FDMed PRACH occasions are configured wherein RO1 to RO4 are in sub-band 1 and RO5 to RO8 are in sub-band 2. Let's say SSB X and SSB Y are suitable and MAC entity selects SSB X. PRACH occasions RO1 to RO4 are mapped to SSB X. PRACH occasions RO5 to RO8 are mapped to SSB Y. According to current procedure MAC entity randomly selects one PRACH occasion from RO1 to RO4. If selected PRACH occasion belongs to sub-band 1 and LBT is not successful in sub-band 1, PHY cannot transmit Msg1 in current association period even if LBT can be successful in sub-band 2 and UE has suitable SSB corresponding to ROs in sub-band 2. 

· If MAC entity has selected one PRACH occasion corresponding to SSB X from sub-band 1 and another PRACH occasion corresponding to SSB Y from sub-band 2 and informed the PHY about the same, PHY could have performed LBT check for sub-band 1 and sub-band 2 in parallel and transmitted the Msg1 in a sub-band where LBT was successful.
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Figure 2
Based on the discussion above we propose that:
Proposal 2: If the FDMed PRACH occasions corresponding to selected SSB span multiple LBT sub-bands, MAC entity randomly selects one PRACH occasion among these FDMed PRACH occasions from each of these LBT sub-bands and inform the same to PHY.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: During the Random Access Procedure initiated on an unlicensed serving cell, SSB is selected in similar manner as in licensed serving cell.
Proposal 2: If the FDMed PRACH occasions corresponding to selected SSB span multiple LBT sub-bands, MAC entity randomly selects one PRACH occasion among these FDMed PRACH occasions from each of these LBT sub-bands and inform the same to PHY.
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