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Introduction
In this contribution, we discuss some of the remaining essential issues in initial access signal/channel design following the guidance from RP-191581 
NR-U DRS design
In this section, we share our views on some remaining issues in NR-U DRS design such as Type-0 PDCCH configuration and RMSI rate matching around SS/PBCH blocks.
Type0-PDCCH Monitoring 
The following agreements have been made about Type0-PDCCH configuration and UE monitoring. 
	Agreement: (RAN1 #96)
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.



	Agreement:
Only Coreset #0 lengths of 1 and 2 symbols are supported for NR-U



In the previous RAN4 meeting, it was decided that a single sync raster would be introduced for each sub-band. Furthermore, it is placed in the edge of a sub-band. The exact placements of the default sync rasters have been specified for band n46 at 5GHz. For Rel-16, supporting one single PRB offset value for the offset between CORESET#0 SSB should be enough and can simply NR-U operation. If sync raster placement is significantly changed for 6GHz bands, we can revisit this design in a later release.    
[bookmark: _Ref16919274][bookmark: _Ref21419961][bookmark: _Ref24184509]Proposal 1: For each subcarrier spacing, support only single value [0] for the PRB offset between CORESET#0 and SSB in controlResourceSetZero in pdcch-ConfigSIB1. 
[bookmark: _Ref24184519]Proposal 2: In Rel-16 NR-U, one bit in controlResourceSetZero in pdcch-ConfigSIB1 is used to indicate the number of symbols, {1 or 2}, for CORESET#0. The other three bits can be reserved or used for other purposes. 

Unlike NR Rel-15 supports small channel bandwidth such as 5MHz and 10MHz, channel bandwidth in NR-U is at least 20MHz. Therefore, UE should not be mandated to monitor Type0-PDCCH for a given SS/PBCH for two consecutive slots as in NR Rel-15 Pattern 1.   
[bookmark: _Ref24184525]Proposal 3: In NR-U, UE is not required to monitor Type0-PDCCH for a given SS/PBCH block in two consecutive slots.

	Agreement: (RAN1 #98 1908)
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.



Based on the above agreement made at RAN1 #98bis meeting, candidate monitoring slots for Type0-PDCCH not only include that associated with the detected SS/PBCH but also include those associated SS/PBCH blocks that are QCL’ed with the detected SSB. In Figure 1, if the detected SSB has index 0, UE has to monitor slots {0, 2, 4} for (O=0, M=1/2) and slots {0, 4, 8} for (O=0, M=1). From the row of (O=0, M=1/2), we first observe that if gNB wants have the 2ms offset, i.e. O=2, it can achieve it by implementation. Specifically, after passing CCA, gNB can transmit SSBs first followed by RMSI transmission. For example, if CCA passes in the first trial, SSBs are transmitted in candidate positions 0, 1, 2, and, 3. RMSI transmission at candidate position 4 which is equivalent to 2msec offset (O=2). From the last row with (O=0, M=1), we observe that the Type0-PDCCH monitoring duration is twice of the DRS transmission window when M=1. This can result in a maximum window duration of 10ms for Type0-PDCCH monitoring. Therefore, we do not think M=1 should be supported in NR-U. Furthermore, RMSI transmission should within the same half frame as SS/PBCHs. In summary, the O value should be derived from the half frame indicator, c0, from PBCH. For M, only M=1/2 is supported for NR-U. 
[bookmark: _Ref24184533]Proposal 4: In NR-U, for Type0-PDCCH CSS set configuration, only O = c0 is supported where c0 is the half frame indicator from PBCH. 
[bookmark: _Ref24184539]Proposal 5: In NR-U, for Type0-PDCCH CSS set configuration, only M=1/2 is supported while M=1, and 2 are not supported.  
[bookmark: _Ref24184545]Proposal 6: For M=1/2, i.e. two Type0-PDCCH search space sets per slot, the first symbol index of the Type0-PDCCH CSS set associated with an SS/PBCH block with index i is given by
· 0 for even i and 1 for odd i if [image: ]= 1
· 0 for both even and odd i if [image: ]= 2   
[bookmark: _Ref24184569]Proposal 7: In Rel-16 NR-U, the four bits in searchSpaceZero in pdcch-ConfigSIB1 are reserved or can be used for other purposes.
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[bookmark: _Ref24139730]Figure 1: Illustration of Type0-PDCCH monitoring occasions for Q=4 with SCS=15kHz 
 
RMSI transmission
	Agreement: (RAN4 #92 meeting, 1908)
RAN4 agreed to place the SSB close to the edge of sub-bands 
RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band 



At the previous RAN4 meeting, it was agreed that sync raster would be placed in the edge of a sub-band for NR-U. In addition, based on the following conclusion made at RAN1 #96 meeting, the DMRS of a PDSCH should not be colliding with REs that are not available for the PDSCH. 
Conclusion:
It is commonly understood that a gNB shall NOT configure/schedule a PDSCH where its DMRS would be colliding, even partially, with any RE(s) not available for PDSCH.
Based on RAN4’s agreement, we do not see a strong reason to support rate matching RSMI around SSBs. Hence, we have the following proposal.   
[bookmark: _Ref16928742]Proposal 8: NR-U does not support rate matching RMSI around SSBs. 
Enhanced PRACH design for NR-U
Wideband PRACH design
	Agreement: (RAN1 #97 1905)
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.



For wideband PRACH design in NR-U, the main motivation is to fill up the 20MHz bandwidth and/or increase PRACH transmission power with a suitable sequence design. From the perspective of implementation complexity, solutions based on repetition of existing Rel-15 PRACH sequence design may sound easier than designing new sequence lengths. However, simply repetition in frequency domain leads to the increase of PAPR. Some mechanisms need to be introduced for PAPR reduction. With the necessity of applying PAPR reduction mechanisms, proposals based on repetition of Rel-15 PRACH sequence are no longer attractive from the implementation perspective. Needless to say, long sequence based designs outperform repetition based designs in the performance aspects such as PAPR, network capacity, etc. 
[bookmark: _Ref21419940][bookmark: _Ref24184585]Proposal 9: For PRACH enhancement in NR-U, support long ZC sequence lengths of 1151 for 15 kHz SCS and 571 for 30 kHz SCS. 
LBT gaps between RACH occasions
More than ten preamble formats have been introduced to NR to support different use cases. For those short preambles that only have 2, 4, 6 or 12 OFDM symbols for a RACH occasion, some of the PRACH configuration support back-to-back allocation to deal with high load scenarios. In NR-U, since LBT may be required in some regions, some companies have been proposing to introduce LBT gaps between back-to-back RACH occasions. It is claimed that by inserting LBT gaps, a UE chooses a later RACH occasion would not be blocked if the preceding RACH occasion has been used by another UE. However, it is not clear how often this blocking problem happens. If unfortunately a UE is blocked for example in a high-load scenario, it can retransmit in the next RACH occasion. There is no system level simulation results showing how much degradation in term of random access latency. 
[bookmark: _Ref24184490]Observation 1: Only PRACH configurations with back-to-back RACH occasions may need to introduce LBT gaps. 
[bookmark: _Ref24184607]Observation 2: It is unclear how severe the blocking issue is in terms the increase of random access latency.
[bookmark: _Ref24184613]Observation 3: Introduction LBT gaps is only beneficial when the network has a very high load of users and applied a PRACH configuration with back-to-back RACH occasions. However, no system-level simulation results have been presented to identify the potential gain it may provide. 
[bookmark: _Ref24184621]Observation 4: For a PRACH configuration, RACH capacity is automatically reduced when LBT gaps are inserted between RACH occasions regardless of whether they are actually used or not. 
Besides, for most preamble formats, there are PRACH configuration with non-back-to-back RACH occasions that gNB can choose from. These PRACH configurations do not need the insertion of LBT gaps. In other words, the problem can be avoided by gNB’s implementation. 
[bookmark: _Ref24184627]Observation 5: For most preamble formats, PRACH configurations with non-back-to-back RACH occasions within a RACH slot can be found. Introduction of LBT gaps is not needed for these configurations. 
Depending on how LBT gaps are introduced, they may have impact on the association between SSBs and RACH occasions. For example, if the entire RACH occasions are punctured to serve as LBT gaps, then the association is changed. It means for a PRACH configuration, the SSB-RO association result for a licensed carrier would be different from that for an unlicensed carrier. This would increase the implementation complexity at both UE and gNB sides. 
[bookmark: _Ref24184632]Observation 6: For a PRACH configuration, SSB-to-RO association results may be different for licensed operation and for unlicensed operation, depending how LBT gaps are implemented. This increases implementation complexity at both UE and gNB sides. 
[bookmark: _Ref24184595]Proposal 10: Introduction of LBT gaps between back-to-back RACH occasions is not supported. 
Conclusion
In this contribution, we make the following observation and proposals.
Proposal 1: For each subcarrier spacing, support only single value [0] for the PRB offset between CORESET#0 and SSB in controlResourceSetZero in pdcch-ConfigSIB1.
Proposal 2: In Rel-16 NR-U, one bit in controlResourceSetZero in pdcch-ConfigSIB1 is used to indicate the number of symbols, {1 or 2}, for CORESET#0. The other three bits can be reserved or used for other purposes.
Proposal 3: In NR-U, UE is not required to monitor Type0-PDCCH for a given SS/PBCH block in two consecutive slots.
Proposal 4: In NR-U, for Type0-PDCCH CSS set configuration, only O = c0 is supported where c0 is the half frame indicator from PBCH.
Proposal 5: In NR-U, for Type0-PDCCH CSS set configuration, only M=1/2 is supported while M=1, and 2 are not supported.
Proposal 6: For M=1/2, i.e. two Type0-PDCCH search space sets per slot, the first symbol index of the Type0-PDCCH CSS set associated with an SS/PBCH block with index i is given by
· 0 for even i and 1 for odd i if [image: ]= 1
· 0 for both even and odd i if [image: ]= 2   
Proposal 7: In Rel-16 NR-U, the four bits in searchSpaceZero in pdcch-ConfigSIB1 are reserved or can be used for other purposes.
Proposal 8: NR-U does not support rate matching RMSI around SSBs.
Proposal 9: For PRACH enhancement in NR-U, support long ZC sequence lengths of 1151 for 15 kHz SCS and 571 for 30 kHz SCS.
Observation 1: Only PRACH configurations with back-to-back RACH occasions may need to introduce LBT gaps. 
Observation 2: It is unclear how severe the blocking issue is in terms the increase of random access latency.
Observation 3: Introduction LBT gaps is only beneficial when the network has a very high load of users and applied a PRACH configuration with back-to-back RACH occasions. However, no system-level simulation results have been presented to identify the potential gain it may provide.
Observation 4: For a PRACH configuration, RACH capacity is automatically reduced when LBT gaps are inserted between RACH occasions regardless of whether they are actually used or not.
Observation 5: For most preamble formats, PRACH configurations with non-back-to-back RACH occasions within a RACH slot can be found. Introduction of LBT gaps is not needed for these configurations.
[bookmark: _GoBack]Observation 6: For a PRACH configuration, SSB-to-RO association results may be different for licensed operation and for unlicensed operation, depending how LBT gaps are implemented. This increases implementation complexity at both UE and gNB sides.
Proposal 10: Introduction of LBT gaps between back-to-back RACH occasions is not supported.
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