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1 Introduction
In RAN1#105-e [1], the following agreements have been made regarding the initial access aspects for 52.6 to 71 GHz: 
Agreement:
For 480kHz/960kHz SSB, select one of the following alternatives:
· ALT 1) First symbols of the candidate SSB have index {X, Y} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· value of X and Y are identical for 480kHz and 960kHz
· FFS: exact value of X and Y
· ALT 2) First symbols of the candidate SSB have index {4, 8, 16,20} + 28*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· Values of n for 480kHz and 960kHz for ALT 1 and 2
· FFS: whether number of values for ‘n’ depend on LBT operation (i.e. LBT vs no-LBT)
· FFS: exact values of ‘n’ for each SCS
· Values of ‘n’ for one mode of operation shall be strictly a subset of values for another mode of operation, if two mode of operation exist for number of candidate SSBs
· FFS: whether values of ‘n’ shall not be all consecutive integer values (i.e. non-candidate SSB slots are positioned every few candidate SSB slots)

Agreement:
For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access) 
· Support configuring CORESET#0/Type0-PDCCH for the purpose of ANR/PCI confusion detection by down selecting from the following two alternatives
· Alt 1) Using dedicated signaling
· Alt 2) Using configuration in MIB
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.

Agreement:
For 480kHz and 960kHz PRACH, 
· Down-select among option 1 and 2
· Option 1) The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
· FFS: supported values of the starting PRACH slot index  within reference slot and whether or not the ROs for a given PRACH configuration can span more than one PRACH slot if gaps between consecutive ROs are supported for LBT and/or beam switching purposes
· Option 2) Each 120kHz RO corresponds to 4 and 8 candidate RO positions for 480kHz and 960kHz PRACH, respectively. Information about the number and locations of 480/960kHz candidate RO(s) are configured or pre-selected within each 120kHz RO. The reference 120kHz RO is determined by the current PRACH configuration method in Rel-15/16 specification.
· Following alternatives are considered on PRACH density
· ALT 1) At least the same density (i.e. number of PRACH slots per reference slot) as for 120kHz PRACH in FR2 is supported
· FFS: support for higher PRACH slot density (number of PRACH slots per reference slot) 
· ALT 2) at least the same RO density (i.e. number of RO per reference slot) as for 120kHz PRACH in FR2 is supported 
· FFS: support for higher RO density
· An “example” illustration of PRACH slots for 480/960kHz is shown below:
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· FFS: whether and how to account for LBT in RO configuration (if needed)
· FFS: whether and how to account for beam switching gap in RO configuration (if needed)

Agreement:
FFS: Support DBTW at least for 120kHz 
· FFS whether DBTW will be applicable for 480/960 kHz SSB SCS 
· If DBTW is supported for 480/960kHz SSB: 
· For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access), indication of DBTW configuration (e.g. enable/disable of DBTW,  , and DBTW length) are supported by dedicated signaling.
· For 120kHz SSB, support mechanism to distinguish at least the following scenarios: 
· Case 1) (Unlicensed with LBT off) + DBTW disabled
· Case 2) (Unlicensed with LBT on) + DBTW enabled
· Case 3) (Unlicensed with LBT on) + DBTW disabled
· Case 4) (Licensed) + DBTW disabled
· FFS: Whether/how LBT on/off is indicated in MIB 
· If not indicated in MIB, then FFS whether/how the UE determines different sizes of DCI 1_0 with CRC scrambled by SI-RNTI
· FFS: whether any case(s) can be combined for DBTW signaling design and how to handle implications to DCI 1_0 size ambiguity if is not distinguished in signaling
· FFS: whether all above cases need an explicit indication
· FFS: Whether a single indication can be used for combination of more than one cases
· For 120 kHz SSB, enable/disable of DBTW is indicated by one or more of the following methods: 
· Option 1) signaling in MIB 
· Option 1-1) disabling DBTW is jointly coded with 
· Option 1-2) indicated by other bit fields in MIB
· FFS: among options 1-1 and 1-2
· Option 2) distinct GSCN used by the SSB
· Option 3) By comparing the value of   in MIB and DBTW length after UE reads SIB1 or by comparing the value of   in MIB and default DBTW length of 5 ms before UE reads SIB1.
· FFS: whether to support option 1, 2, 3, or any combination of the options.
· Note: enable/disable signaling of DBTW by MIB or GSCN does not preclude other signaling methods

Agreement:
If DBTW is supported,
· Working assumption: MIB signaling to support
· Alt A) indication of  at least for 120kHz SSB 
· In this case, the total number of values of  to not exceed 4
· Alt B) Explicit indication of SSB index and/or SSB candidate location 
· FFS on the details of signaling
· FFS between Alt A, or B, or supporting both
· Supported DBTW lengths 
· Alt 1) 0.5, 1, 2, 3, 4, 5 msec 
· Note: same as Rel-16 FR1 NR-U
· Alt 2) maximum 5 msec 
· FFS other values
· FFS between Alt 1 and 2
· Number of candidate positions when DBTW is enabled 
· For 120 kHz SSB 
· FFS between 64 or 80
· If DBTW is additionally supported for 480/960kHz SSB 
· FFS between 64 or 128

Further in RAN#92-e [2][3], the following related to initial access aspects was agreed: 
Agreement: 
In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion. 

Agreement: 
Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.
This contribution discusses the further design details for the initial access aspects for NR 52.6 to 71 GHz.
2 SS/PBCH block pattern for new SCSs
In Rel-15 and Rel-16, SS/PBCH block is only supported for 15 kHz and 30 kHz for FR1, and 120 kHz and 240 kHz for FR2, as shown in Figure 1. One important aspect for the SS/PBCH block pattern in slot(s) is to preserving symbols that can be multiplexed with the SS/PBCH block for CORESET and HARQ-ACK transmissions. For example, the preserved symbols are symbol {0, 1, 12, 13} with respect to the SCS of date/control multiplexed with the SS/PBCH block, and it’s obvious from Figure 1 that: 
· SS/PBCH block pattern Case A and Case B can be multiplexed with CORESET and HARQ-ACK transmissions with 15 kHz and 30 kHz SCSs (i.e., both same and mixed numerologies);
· SS/PBCH block pattern Case C can be multiplexed with CORESET and HARQ-ACK transmissions with 30 kHz SCSs (i.e., only the same numerology as SS/PBCH block); 
· SS/PBCH block pattern Case D and Case E can be multiplexed with CORESET and HARQ-ACK transmissions with 60 kHz and 120 kHz SCSs. 
For Rel-17 52.6 to 71 GHz, both 480 kHz and 960 kHz have been supported for SS/PBCH block, and it was further agreed that the CORESET#0 to be multiplexed with the SS/PBCH block has the same subcarrier spacing. When looking at the supported cases for the SS/PBCH block patterns, Case A/C and Case B/D can both achieve the purpose of multiplexing CORESET and HARQ-ACK transmissions, and it can also be observed that the key reasoning to have different SS/PBCH block location in neighboring slots in Case B/D is to provide the feasibility to multiplex CORESET and HARQ-ACK with a different numerology, which is not the design target for Rel-17 52.6 to 71 GHz. 
Meanwhile, the key difference between Case A/C and Case B/D is the location of CORESET to be multiplexed for the first SS/PBCH block in the slot, and Case A/C provides the feasibility to multiplex a PDCCH in the middle of a slot. For example, in the Type0-PDCCH configuration table configured by MIB, the starting symbol of the Type0-PDCCH can start from symbol 7 in the slot, which has a conflict with Case B/D. 
Moreover, RAN4 has decided the gNB beam switching gap be potentially within a CP of 960 kHz, but the UE beam switching gap has not been finalized yet. Supporting Case A/C can be independent of RAN4’s decision on UE beam switching gap. 
Lastly, Case A/C has a unified slot structure for all slots including SS/PBCH block, which is easier for scheduling and implementation. For example, it’s easier to provide a unified configuration of Type0-PDCCH, which is required to be same across slots including SS/PBCH block, if the intention is to multiplex them in the slot (which is a typical implementation for unlicensed spectrum).  


[bookmark: _Ref47013303]Figure 1 Illustration of supported SS/PBCH block pattern in Rel-15 and Rel-16.
Based on the above discussion, Case A/C can achieve the purpose of multiplexing CORESET and HARQ-ACK transmissions with the same numerology, and provides better flexibility and easier implementation, so we have the following proposal. 
Moreover, regarding the slots including the candidate SS/PBCH block, when DBTW is enabled, the number of slots should be larger to mitigate the impact from LBT, and more details of the corresponding impact is analyzed in Section 4 of this contribution. 
Proposal 1: For 480 kHz and 960 kHz,
· Support the same SS/PBCH block pattern in a slot, and the same pattern is given by Case A/C (i.e., Alt 1 with X=2 and Y=8).
· Support larger number of slots including candidate SS/PBCH block, when DBTW is enabled.
3 CORESET#0 configuration 
1 
2 
3 
CORESET#0 configuration enhancement for 120 kHz SCS
The design of CORESET#0 configuration highly relies on the type of channelization and synchronization raster interval, and in NR Rel-15 FR2, CORESET#0 configuration was designed based on the Type 1 channelization with a synchronization raster interval of 12 RB for 120 kHz SCS of SS/PBCH block (i.e., 17.28 MHz) and 12 RB for 240 kHz SCS of SS/PBCH block (i.e., 34.56 MHz). 
If Type 1 channelization is reused for NR 52.6 GHz to 71 GHz, and the minimum channel bandwidth is enlarged from FR2 (e.g. 50 MHz), the synchronization raster interval can be larger than Rel-15 FR2, even using 120 kHz SCS of SS/PBCH block. Hence, the CORESET#0 configuration, especially the frequency offset between SS/PBCH block and CORESET#0 in multiplexing Pattern 1, should be enhanced accordingly. For example, the minimum number of RB offsets for CORESET#0 bandwidth as 48 RB is increased when the minimum channel bandwidth increased to be 100 MHz, which means for some channelization, using Rel-15 FR2 CORESET#0 configuration table may not be able allocate a CORESET#0 within the minimum channel bandwidth. Hence, enhancement to the RB offset is needed. 
Also, NR Rel-15 FR2 only supports at most 100 MHz CORESET#0 bandwidth (i.e., 48 RBs for 120 kHz SCS), and if this bandwidth can be enlarged for NR 52.6 to 71 GHz, e.g. to support 480 kHz or 960 kHz SCS for SS/PBCH block in initial access, 96 RB CORESET#0 can be supported to increase the coverage of PDCCH in CORESET#0. 
Lastly, the need for supporting {SSB SCS, CORESET#0 SCS} other than {120 kHz, 120 kHz} is not strong. Note that the SCS of initial BWP can be reconfigured in RMSI, so the benefit of supporting CORESET#0 SCS other than 120 kHz and indicated in MIB is only beneficial for implementing PDCCH and PDSCH of RMSI, which may not be significantly needed. 
Based on above discussion, we have the following proposal for CORESET#0 configuration for 120 kHz SCS:
Proposal 2: For SS/PBCH block with 120 kHz SCS,
· only support CORESET#0 SCS as 120 kHz;
· additional CORESET#0 RB offsets are needed;
· support 96 RB as the number of RBs for CORESET#0.
CORESET#0 configuration for 480 kHz and 960 kHz SCS
For 480 kHz and 960 kHz SCS, the intention is to facilitate same numerology implementation of SS/PBCH block and other signals and channels, hence, at least same numerology between SS/PBCH block and CORESET#0 should be supported, and other combination may not be essentially needed. The table for 120 kHz SCS can be used as a baseline to design the configuration tables for 480 kHz and 960 kHz, with the understanding to support at least the same SS/PBCH block and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, and number of symbols as in 120 kHz SCS. The design of RB offset may need further progress from RAN4 on the channelization and synchronization raster. 
Proposal 3: For SS/PBCH block with 480 kHz SCS and 960 kHz,
· only support CORESET#0 SCS same as SS/PBCH block SCS;
· support at least the same SS/PBCH block and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, and number of symbols as in 120 kHz SCS;
· support 96 RB as the number of RBs for CORESET#0;
· Further study the RB offset based on RAN4 design of channel and synchronization rasters.
4 Discovery burst transmission window
In the study item, “short control signal” has been supported without applying channel access procedure to initialize a channel occupancy, wherein the content and condition of using “short control signal” is to be further investigated in the work item. The intention of supporting “short control signal” is analog to “discovery burst” in Rel-16 NR-U, and at least all the components supported in Rel-16 NR-U, e.g. SS/PBCH block, PDCCH/PDSCH of RMSI, and CSI-RS, should be included as part of “short control signal”. Moreover, we also note that there are cases “short control signal” cannot be applicable for SS/PBCH block transmission. For one example, for region where the regulation does not support “short control signal”. For another example, the condition for using “short control signal” cannot be met (e.g. duty cycle or duration limitation). For these cases, LBT is still needed to initialize the SS/PBCH block transmission, and there is still chance for channel access failure due to congestion. Hence, discovery burst transmission window (DBTW) is still needed to mitigate the impact from LBT, and since it is already a feature supported in Rel-16 NR-U, there is no need to remove it for 60 GHz unlicensed band. 
In the last RAN1 meetings, the feasibility of supporting DBTW and the indication method were discussed, and the following aspects need to be further clarified and studied for supporting DBTW in 60 GHz unlicensed band. 
· The indication of QCL parameter for SS/PBCH blocks (i.e., Q) can still follow the same principle as Rel-16 NR-U: best effort to indicate Q by MIB, and if not possible due to the limitation of payload size, to indicate Q in SIB1. 
· If Q is indicated in MIB, the indication of disabling the DBTW (or LBT mode) can be joint coded with the indication of Q. For example, one codepoint (e.g. a non-numerical value) in the indication of Q can be utilized for disabling the DBTW (or non-LBT mode), and the other codepoints (e.g. numerical values) in the indication of Q are used for enabling the DBTW (or LBT mode) and further deriving the QCL parameter value for SS/PBCH blocks. Otherwise, the indication of enabling or disabling the DBTW (or LBT mode) can be explicitly indicated by MIB (e.g. re-interpreting an existing bit/field). 
· For the case of an unlicensed operation with DBTW disabled, similar to Rel-16 NR-U, there is no explicit indication needed, and UE can determine DBTW is disabled by comparing the configured Q value and the DBTW window size. For example, if the Q value is larger than the DBTW window size, it’s effective as the DBTW is disabled. 
· Based on current structure of PBCH payload, there are 8 physical layer bits not contained in MIB. By noting the TTI of PBCH is 80 ms, the indication of timing information for a particular half frame will cost at least  bits, and there can be at most 4 physical layer bits available for indicating timing within a half frame. Combining the at most 3 bits timing information by DM-RS, there can be up to 128 SS/PBCH block candidate locations within a half frame for indication, regardless of the SCS of SS/PBCH blocks. 
· For the carrier frequency of 60 GHz unlicensed band, part of the band bandwidth could be potentially overlap with a licensed band in a particular region, and mechanism to distinguish the licensed and unlicensed bands needs to be considered. For initial access case, this distinguish can be achieved by using different synchronization raster entries (i.e., different GSCN values), and for non-initial access case, there can be an explicit indication of licensed or unlicensed operation of a cell, when the cell is configured. 
· For the issue of different sizes of DCI 1_0 with CRC scrambled by SI-RNTI, it can be discussed later whether such mismatch of the DCI size still maintain for 52.6 to 71 GHz, and even it maintains, the UE may only need to know whether DBTW is enabled or not to determine the DCI size, without knowing the exact value of Q.  
Proposal 4: Support discovery burst transmission window for all SCSs on the 60 GHz unlicensed spectrum.
· The indication of Q can be in MIB for a best effort, and if not possible, in SIB1;
· The indication of DBTW disabling can be joint coded with the indication of Q, if Q is indicated in MIB; and the indication can use 1 bit in MIB, if Q is not indicated in MIB;
· The case of an unlicensed operation with DBTW disabled can be supported implicitly, by comparing the Q value and the DBTW window size;
· Support more than 64 candidate SS/PBCH block locations within a half frame;
· Current PBCH payload can support timing indication of up to 128 candidate SS/PBCH block candidate locations;
· Use one PHY bit to indicate the extra candidate SS/PBCH block index (e.g. 7th LSB);
· For initial access, different synchronization raster entries are applied for licensed and unlicensed operations; for non-initial access, support an explicit indication of licensed or licensed operation when configuring a cell.
5 SS/PBCH block for ANR purpose
A baseline procedure for ANR in Rel-15 and Rel-16 is shown in Figure 2, wherein the pre-step for ANR purpose is a regular RRM to report the physical cell ID and cell quality. In Rel-15 and Rel-16, the acquisition of the CGI is based on the acquisition of MIB and SIB1 from the neighboring cell of another operator. 


[bookmark: _Ref70934931]Figure 2 Illustration of ANR procedure.
For Rel-17 52.6 to 71 GHz, it has been agreed to support 120 kHz, 480 kHz, and 960 kHz SCS for the SS/PBCH block used for ANR purpose, and the CORESET#0 configuration and Type0-PDCCH configuration are provided by the MIB of the corresponding SS/PBCH block. One further discussion point is, whether additional method(s), such as dedicated signaling of such configuration(s), is needed to be supported as well. In our view, dedicated signaling cannot be used for resolving the inter-operator PCI confusion. As described in Figure 2, the UE needs to read SIB1 of Cell B from another operator to acquire the CGI, but the CORESET#0/Type0-PDCCH configuration of Cell B may not be known by the serving operator (e.g. Cell A). In this sense, the serving operator cannot use dedicated signaling to let its UE know the CORESET#0/Type0-PDCCH configuration from the neighboring cell, and the UE has to read the MIB of the neighboring cell to acquire the configuration. Based on this consideration, we believe extra method is not needed. 
Proposal 4: No need to support extra method for providing the CORESET#0/Type0-PDCCH configuration for ANR purpose.
6 Numerology for initial BWP configured by SIB1
For Rel-17 52.6 to 71 GHz, the discussion of numerology has initialized since the starting of the study item, but there is still confusion on which SCS can be supported for initial BWP, especially the one by SIB1, and we believe this is also the source for holding diverse positions on the supported numerology for PRACH, since these two are closely related. In this sense, we propose to clarify the following, with the understanding that the supporting of 480 kHz and 960 kHz for data and control channels is general, although with UE capability signaling. 
Proposal 5: RAN1 clarifies that the configurable SCS for initial BWP configured by SIB1 can be 120 kHz, 480 kHz, and 960 kHz.  
7 RACH related issues
4 
5 
6 
7 
PRACH format for new SCSs
In Rel-16 NR-U, the longer sequence lengths for PRACH format (e.g. 571 and 1151) have been introduced, mainly for the purpose of OCB requirement. For the 60 GHz unlicensed band, since the OCB requirement may not be an issue for PRACH transmission, there is no other strong needs to introduce extra new sequence length. 
Then, for the time-domain formats, since the coverage of the use cases for 52.6 to 17 GHz is not extensive, e.g., which considers the indoor hotspot cases, even with higher SCS, the CP length might still be enough for the delay budget. Meanwhile, supporting same numerology for all UL signals and channels is beneficial for implementation, so the new SCSs (480 kHz and 960 kHz) should be applicable to PRACH format as well. Besides, there is no point to differentiate non-initial access and initial access for RACH SCS.
· From design history point of view, the random access procedure is always same for the so called initial access (assuming for connection purpose) and non-initial access;
· From signalling point of view, the RACH SCS is separately configured by gNB, it is not tied to the SSB or other signals;
· From implementation point of view, the random access channel is specially designed and filtered. Intentionally try to allow different SCS for RACH by separating the so called initial access and non-initial access will increase the implementation burden, e.g., gNB needs to consider two different SCS reception for one operation.
· The effort of including the trigger events for RACH seems no benefits, they will be many and they will be more to come, e.g., SDT transmission, consider positioning purpose, etc.
Thus, we support the larger SCS for PRACH in a general way. 
Proposal 6: Support short PRACH format for all PRACH sequence lengths  and all SCSs , and don’t support long PRACH format.
RO configuration for new SCSs
For RO configuration in case of new (larger) SCSs are adopted, the following several aspects need to be considered:
· RACH capacity provided by the network. With larger SCS, the conventional RACH frame (10ms) can have much more slots compare to before, e.g., if SCS = 960 kHz, then in one RACH frame, there will be 8 times more slots than those for SCS = 120 kHz, i.e., 640 potential RACH slots. 
· The RO pattern designed for NR Rel-15/16 are listed in the configuration table and each row is being carefully checked and tons of efforts have been spent on it. So it’s not easy or not necessary to redesign the table for larger SCS cases, we can make use of the current table for 120 kHz SCS for the extension.
Proposal 7: Using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference for larger SCS cases. 
Considering the following two options in last meeting agreement:
· Option 1) The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
· FFS: supported values of the starting PRACH slot index  within reference slot and whether or not the ROs for a given PRACH configuration can span more than one PRACH slot if gaps between consecutive ROs are supported for LBT and/or beam switching purposes
· Option 2) Each 120kHz RO corresponds to 4 and 8 candidate RO positions for 480kHz and 960kHz PRACH, respectively. Information about the number and locations of 480/960kHz candidate RO(s) are configured or pre-selected within each 120kHz RO. The reference 120kHz RO is determined by the current PRACH configuration method in Rel-15/16 specification.
The option 1 is actually following the derivation of reference SCS slot -> new SCS slot -> new SCS RO, while option 2 follows that of reference SCS slot -> reference SCS RO-> new SCS RO. As illustrated in Figure 3, the upper one (A) is for Option 1 and lower case (B) is for Option 2. Use 60 kHz as reference SCS, and 480 kHz as the new SCS as example to explain.
[image: ]
[bookmark: _Ref78962039]Figure 3 Illustration of Option 1 and Option 2 for RO configuration.
Given the fact that the RACH configuration periodicity is still 10 ms, and the slot number could be quite large with new SCS, i.e., 320 slots for 480 kHz and 640 slots for 960 kHz. One important design principle of PRACH is that to spread the PRACH occasion in time domain evenly. This is to try to provide fairness in the random access (because the timing of UE to initiate RACH is unknown, so it’s better to allow UE to have RO when it needs), while could reduce the pain when UE needs to do RACH re-attempt. 
From this perspective, option 1 will still limit the all 6 ROs in one 480 kHz slot when there are 320 480 kHz slots; and the Option 2 could provide more evenly distributed ROs over 8 slots. Together with the allocation of RACH slot, Option 2 could provide better evenly distributed RO in time domain.
Observation 1: Option 2 could provide better evenly distributed RO in time domain.
Proposal 8: Option 2 for RO pattern determination should be supported.
Non-consecutive RO for unlicensed operation
With this larger SCS, the symbol duration is much shorter than NR Rel-15/16. Given that if LBT is still required before each PRACH transmission, the consecutive allocation of ROs within a PRACH slot could lead to the scenario where LBT for a RO is failed due to a PRACH transmission utilizing the previous RO. In Rel-15/16 case, the RO length is relative long compared to the one with larger SCS, as shown in following figure, the length of RO with 120 kHz is 8 times of that for RO with 960 kHz. In 120 kHz case, if a UE selects the RO 1, it needs to do LBT whose period will overlap with RO 0, so whether RO 0 has been selected by others will be important to the LBT results. The same happened to the case if UE selects RO 2, the LBT period will overlap with RO 1 and LBT results will be impacted by the usage of RO 1 as well. 
This issue will be even worse for 60 GHz unlicensed band wherein higher SCS is used. As shown in Figure 3, the length of RO for 960 kHz SCS will be much shorter than 120 kHz SCS, and the LBT period could overlap with multiple ROs. Thus, the LBT results of the RO 2 will depend on both RO 0 and RO 1 as shown in the figure. Any of these ROs being selected by other UEs will make the RO 2 unavailable for the UE to use. 



[bookmark: _Ref53647616]Figure 4 Illustration of impact of consecutive ROs for LBT.
Thus, a LBT gap is needed before a RO. The gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with odd indexes 2n+1 (e.g., the 1-st, 3-rd, 5-th) within the RACH slot for PRACH transmissions, while the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th) can be used for the LBT operation of UEs that will utilize RO with index 2n+1. Moreover, this method could be extended to using every nth RO for RACH, and the not-used RO could be leave to LBT gap. This approach can directly use the existing PRACH configuration table from Rel-15/16 and thus requires less modification from current spec. 


[bookmark: _Ref47512616]Figure 5 An example of creating LBT gap through even/odd RO indexes.
Proposal 9: Support non-consecutive RO configuration to alleviate the RACH LBT failure.
8 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: For 480 kHz and 960 kHz,
· Support the same SS/PBCH block pattern in a slot, and the same pattern is given by Case A/C (i.e., Alt 1 with X=2 and Y=8).
· Support larger number of slots including candidate SS/PBCH block, when DBTW is enabled.
Proposal 2: For SS/PBCH block with 120 kHz SCS,
· only support CORESET#0 SCS as 120 kHz;
· additional CORESET#0 RB offsets are needed;
· support 96 RB as the number of RBs for CORESET#0.
Proposal 3: For SS/PBCH block with 480 kHz SCS and 960 kHz,
· only support CORESET#0 SCS same as SS/PBCH block SCS;
· support at least the same SS/PBCH block and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, and number of symbols as in 120 kHz SCS;
· support 96 RB as the number of RBs for CORESET#0;
· Further study the RB offset based on RAN4 design of channel and synchronization rasters.
Proposal 4: Support discovery burst transmission window for all SCSs on the 60 GHz unlicensed spectrum.
· The indication of Q can be in MIB for a best effort, and if not possible, in SIB1;
· The indication of DBTW disabling can be joint coded with the indication of Q, if Q is indicated in MIB; and the indication can use 1 bit in MIB, if Q is not indicated in MIB;
· The case of an unlicensed operation with DBTW disabled can be supported implicitly, by comparing the Q value and the DBTW window size;
· Support more than 64 candidate SS/PBCH block locations within a half frame;
· Current PBCH payload can support timing indication of up to 128 candidate SS/PBCH block candidate locations;
· Use one PHY bit to indicate the extra candidate SS/PBCH block index (e.g. 7th LSB);
· For initial access, different synchronization raster entries are applied for licensed and unlicensed operations; for non-initial access, support an explicit indication of licensed or licensed operation when configuring a cell.
Proposal 4: No need to support extra method for providing the CORESET#0/Type0-PDCCH configuration for ANR purpose.
Proposal 5: RAN1 clarifies that the configurable SCS for initial BWP configured by SIB1 can be 120 kHz, 480 kHz, and 960 kHz.  
Proposal 6: Support short PRACH format for all PRACH sequence lengths  and all SCSs , and don’t support long PRACH format.
Proposal 7: Using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference for larger SCS cases. 
Observation 1: Option 2 could provide better evenly distributed RO in time domain.
Proposal 8: Option 2 for RO pattern determination should be supported.
Proposal 9: Support non-consecutive RO configuration to alleviate the RACH LBT failure.
Reference
[1] Chairman notes, 3GPP RAN1#105-e, May, 2021.
[2] Chairman notes, 3GPP RAN#92-e, June, 2021.
[3] RP-211583, Summary of email discussions on Extending NR operation to 71GHz, Moderator (Qualcomm). 
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