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1 Introduction
In RAN1#104-e, the following agreements have been made regarding the initial access aspects for 52.6 to 71 GHz [1]: 
Agreement:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.

Agreement:
For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported

Agreement:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
· FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)

Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4

Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access

Agreement:
If 480 and/or 960 kHz PRACH SCS is supported, RAN1 should study whether or not the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH.
This contribution discusses detailed design aspects for the above issues for NR from 52.6 GHz to 71 GHz, and more precisely, the following initial access aspects are included: 
· Numerology of SS/PBCH block 
· SS/PBCH block pattern for new SCSs
· CORESET#0 configuration enhancement
· Discovery burst transmission window
· RACH related issues, including PRACH format for new SCSs, RO configuration for new SCSs, and Non-consecutive RO for unlicensed operation
2 Numerology of SS/PBCH block 
It has been agreed that 120 kHz SCS is supported for SS/PBCH blocks, and the remaining issue as described in the WID is, whether additional SCS from 480 kHz and 960 kHz can be supported for SS/PBCH blocks for initial access and after initial access. Noting that 480 kHz and 960 kHz SCS have been supported for data and control channels after initial access, it is beneficial to support the same SCS for SS/PBCH block to enable same numerology implementation. 
If the SCS of 480 kHz or 960 kHz is not supported for SS/PBCH block, both gNB and UE have to implement mixed numerology of 120 kHz SS/PBCH block and 480/960 kHz data and control channels, and at least the following aspects are observed to be harmful to implementation: 
· UE is mandated to apply measurement gap in SS/PBCH block based RRM measurement, since it has to switch from one active BWP to another BWP with different SCS to include the SS/PBCH block. Note that the measurement gap for mixed numerology case is much larger, and no PDSCH can be received by the UE within the gap, which remarkably reduces the efficiency of data transmission and RRM measurement. 
· gNB has to implement guard band between different numerologies. When SS/PBCH block and data with different SCS are multiplexed, at least one RB of guard band should be applied between the resources with different SCSs, which wastes frequency resources especially for low channel bandwidth scenario. 
· Current 120 kHz SS/PBCH block has two consecutive neighboring SS/PBCH blocks in time domain, which equals 32 consecutive symbols for 480 kHz SCS data and 64 consecutive symbols for 960 kHz SCS data. Figure 1 illustration such multiplexing between 120 kHz SS/PBCH block and 960 kHz SCS data. It can be observed that this multiplexing is not beneficial for flexible scheduling, since all the data symbols overlapping with SS/PBCH block shall be used for DL transmission in a TDD system. For one example, the available resource in a slot for PDCCH/PDSCH is very limited, which may impact their coverage. For another example, the multiplexing with HARQ is very restricted. 

 
[bookmark: _Ref61264879]Figure 1 Illustration of multiplexing between 120 kHz SS/PBCH block and 960 kHz SCS data.
Based on the above discussion, it is not beneficial to support 120 kHz SCS only for SS/PBCH block, since it will remarkably reduce the implementation flexibility for the new SCS. Supporting the new SCSs only for data and control channels may lead to a failure of implementing the new SCSs in reality. 
Moreover, for SS/PBCH block in initial access, in addition to the aspects considered for SS/PBCH block after initial access, the UE complexity for initial cell search should be the most important issue to consider. More precisely, the UE complexity can be reflected by the number of extra synchronization raster entries for the new SCSs, in addition to the ones a UE needs to search for 120 kHz SCS. 
There have been two types of synchronization and channel raster design in Rel-15 and Rel-16, for licensed spectrum and unlicensed spectrum, respectively. 


Figure 2 Illustration of synchronization and channel raster in Rel-15 and Rel-16.
For Type 1 synchronization and channel raster design, channel raster interval is as small as subcarrier spacing level to provide full flexibility for operators to allocate the channels, and the synchronization raster is designed to guarantee at least one SS/PBCH block being implemented within the minimum channel bandwidth (MCBW). To achieve this purpose, the synchronization raster interval is chosen as , wherein  is the minimum channel bandwidth to include the corresponding SS/PBCH block with respect to the targeted SCS (not including the guard band), and  is the SS/PBCH block bandwidth with respect to the targeted SCS. For example, Type 1 synchronization and channel raster design is applicable to Rel-15 FR2. When the default SCS of SS/PBCH block is 120 kHz,  MHz,  MHz, such that  MHz; when the default SCS of SS/PBCH block is 240 kHz,  MHz,  MHz, such that  MHz. 
For Type 2 synchronization and channel raster design, channel raster and synchronization raster are both fixed as single location for a given channel. There is one and only one synchronization raster entry within a channel with minimum channel bandwidth, and the synchronization raster interval is approximately same as minimum carrier bandwidth, subject to some rounding to integer number of RBs to be compatible with GSCN values. For example, Type 2 synchronization and channel raster design is applicable to Rel-16 NR-U, wherein  or  MHz.   
For NR operated from 52.6 GHz to 71 GHz, both licensed and unlicensed bands could be included in this carrier frequency range, hence, both types of synchronization and channel raster design are being considered in RAN4. This section analyzes the complexity of each type of synchronization and channel raster design, and especially its impact to the selection of default SCS for SS/PBCH block for initial cell search. 
Table 1 summarizes the synchronization raster interval for combinations of SCS of SS/PBCH block and minimum channel bandwidth, for both Type 1 and Type 2 synchronization and channel raster design, wherein the values of the minimum channel bandwidth is based on the agreement in RAN1#104-e. Note that the value of synchronization raster interval for Type 2 synchronization and channel raster design is an approximation, and it can be further subject to changes due to the consideration of guard band and different rounding to integers. The following observation can be made from Table 1.
Observation 1: Synchronization raster interval can be larger when supporting a larger minimum channel bandwidth. 
[bookmark: _Ref60921995]Table 1 Synchronization raster interval for NR 52.6 to 71 GHz. 
	Sync Raster Interval (GSCN)
	Minimum Channel BW (MHz)

	
	100
	200
	400
	800
	~2000

	Type 1 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	3
	9
	20
	-
	-

	
	
	240
	2
	7
	18
	-
	-

	
	
	480
	-
	4
	15
	-
	-

	
	
	960
	-
	-
	8
	30
	96

	Type 2 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	6
	12
	24
	-
	-

	
	
	240
	6
	12
	24
	-
	-

	
	
	480
	-
	12
	24
	-
	-

	
	
	960
	-
	-
	24
	47
	116



Table 2 summarizes the estimated number of synchronization raster entries for band from 57 to 66 GHz. Note that the number does include the impact from guard band yet, so the actual number of synchronization raster entries could be further reduced (e.g. around 90% of current values based on the ratio of guard band). The cases in the table are based on the combination of example minimum channel bandwidths for the corresponding SCS detailed as follow: 
· Case 1: 100 MHz for 120 kHz SCS, 200 MHz for 480 kHz SCS, and 400 MHz for 960 kHz SCS
· Case 2: 100 MHz for 120 kHz SCS, 400 MHz for 480 kHz SCS, and 800 MHz for 960 kHz SCS
· Case 3: 200 MHz for 120 kHz SCS, 400 MHz for 480 kHz SCS, and 800 MHz for 960 kHz SCS
· Case 4: 400 MHz for 120 kHz SCS, 400 MHz for 480 kHz SCS, and 800 MHz for 960 kHz SCS
· Case 5: 400 MHz for 120 kHz SCS, 400 MHz for 480 kHz SCS, and ~2000 MHz for 960 kHz SCS
[bookmark: _Ref60925805]Table 2 Number of synchronization raster entries for NR 57 to 66 GHz. 
	Number of Sync Raster Entries
	Minimum Channel BW

	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Type 1 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	173
	173
	57
	26
	26

	
	
	120 + 240
	433
	433
	131
	54
	54

	
	
	120 + 480 + 960
	368
	224
	108
	77
	65

	
	
	 120 + 240 + 480 + 960
	628
	484
	182
	105
	93

	Type 2 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	90
	90
	45
	22
	22

	
	
	120 + 240
	180
	180
	90
	44
	44

	
	
	120 + 480 + 960
	157
	123
	78
	55
	48

	
	
	 120 + 240 + 480 + 960
	247
	213
	123
	77
	70



We also note that in NR FR2, at most 344 synchronization raster entries were supported for a given band, then in order to keep the same or similar UE complexity in initial searching a band between 52.6 GHz to 71 GHz, there is no issue with the initial access complexity for supporting both 480 kHz and 960 kHz SCS for SS/PBCH blocks. 
Proposal 1: Support 480 kHz and 960 kHz SCS for SS/PBCH block in both initial access and non-initial access cases.
3 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 3. For the new carrier frequency range 52.6 to 71 GHz, the SS/PBCH block pattern needs to be defined for the new SCSs, based on the proposals in this contribution. Scaling from existing SS/PBCH block pattern can be considered as the baseline, but design aspects including the switching time between neighboring SS/PBCH block beams shall be taken into account. For example, in Rel-15, the beam sweeping time of neighboring SS/PBCH blocks can be accommodated within the CP length of 240 kHz SCS. However, if a larger SCS is used for the new carrier frequency range 52.6 to 71 GHz (e.g. 960 kHz SCS), the beam switching duration of the SS/PBCH blocks cannot be restricted within the CP length. This restriction may not be achievable in implementation, so at least one symbol should be guaranteed in time domain between the neighboring SS/PBCH blocks in a slot. 


[bookmark: _Ref47013303]Figure 3 Illustration of supported SS/PBCH block pattern in Rel-15 and Rel-16.
Meanwhile, as described in the TR, multiplexing SS/PBCH block with CORESET and HARQ transmission should be taken into account when designing the SS/PBCH block pattern for the new SCSs, and one design aspect to consider is, which SCS should be used as the reference SCS for CORESET and HARQ to determine the SS/PBCH block multiplexing pattern. As analyzed in the previous sections, same numerology implementation is the baseline to support, hence, using same SCS for CORESET and HARQ to determine the SS/PBCH block multiplexing pattern should be considered as baseline as well. 
Based on the above requirement, existing SS/PBCH block pattern (e.g. Case A) can already support at least one symbol gap between neighboring SS/PBCH blocks, and also enables multiplexing of CORESET and HARQ with same SCS. Hence, we propose to reuse such a pattern for SS/PBCH block with SCS of 480 kHz and 960 kHz. 
Proposal 2: Support new SS/PBCH block patterns for 480 kHz and 960 kHz SCSs.
· At least one symbol should be reserved between neighboring SS/PBCH block for beam sweeping delay.
· Symbols should be reserved for CORESET and HARQ with same SCS as SS/PBCH block. 
· SS/PBCH block candidate locations in a slot for Case A can be reused.
4 CORESET#0 configuration enhancement
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, but the minimum channel bandwidth is enlarged from 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, as shown in Table 3, the minimum number of RB offsets for CORESET#0 bandwidth as 48 RB is increased when the minimum channel bandwidth increased to be larger than 50 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 if the minimum carrier bandwidth increases. 
[bookmark: _Ref61268998]Table 3 Minimum number of RB offsets required in multiplexing pattern 1, when SCS of SSB is 120 kHz.  
	Minimum number of RB offsets required in multiplexing Pattern 1
	Minimum Channel BW (MHz)

	
	50
	100
	200
	400

	COREET#0 BW (RB)
	24
	2
	1
	1
	1

	
	48
	1
	2
	2
	2



Also, NR Rel-15 FR2 supports bandwidth of CORESET#0 not overlapping with bandwidth of its associated SS/PBCH block, i.e., Pattern 2 or Pattern 3. More precisely, Pattern 2 was supported for mixed numerology of SS/PBCH block and CORESET#0, while Pattern 3 was supported for same numerology of SS/PBCH block and CORESET#0. This restriction may not be essentially needed considering to provide flexibility for allocate the location of CORESET#0, so for the new carrier frequency range 52.6 to 71 GHz, if there is enough number of configurations available, both Pattern 2 and Pattern 3 can be supported. 
Lastly, 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. 
Proposal 3: For COREST#0,
· if synchronization raster interval is larger than FR2, additional CORESET#0 RB offsets are needed for 120 kHz SS/PBCH block SCS;
· if 480 kHz and/or 960 kHz SS/PBCH block SCS is supported, at least CORESET#0 configuration table with same SCS as SS/PBCH block should be supported;
· if there are reserved configurations, both multiplexing Pattern 2 and Pattern 3 can be supported in a CORESET#0 configuration table;
· if CORESET#0 bandwidth can be increased, 96 RB can be added to the CORESET#0 configuration table for 120 kHz SS/PBCH block SCS.
5 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 meeting, 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. 
· The indication of enabling and disabling of 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. 
· 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.  
Proposal 4: Support discovery burst transmission window for 60 GHz unlicensed band.
· The content of discover burst at least include the same components as Rel-16 NR-U;
· 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;
· Current PBCH payload can support timing indication of up to 128 candidate SS/PBCH block candidate locations;
· 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.
6 RACH related issues
1 
2 
3 
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. 
Proposal 5: 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 6: Using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference for larger SCS cases. 
When we consider using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference, there could be two directions:
Direction 1: keep the RACH frame = 10 ms (i.e., the RACH configuration period is at least 10 ms), then design the RO patterns for the 8*80 slots, with 80slots RO pattern derived by a PRACH configuration index based on 120 kHz, the additional indication on which one(s) of the 8 eighty-slots needs to be configured with RACH resource, by bitmap indication or by some table-searching based methods. One alternative is that one 120khz RO could be counted as eight 960khz ROs, so the providing the indication which ones of the eight 960khz ROs within the 120khz RO is also a possible way to determine the RO pattern. 
Direction 2: if we consider the RO patterns for eighty-slot are large enough for the RACH capacity, then another direction is to redesign the RACH duration and RACH periodicity, where the RACH duration is the time duration where the RACH resource occupied in one RACH period. For example, when SCS = 960 kHz, the 80slots now occupies 1.25ms, if the RACH periodicity is shortened to 5 ms. Then the RACH duration location within the RACH period needs to be determined. Then UE could finally determine the RO pattern.
Proposal 7: For RO configuration, both direction 1 (indication on which one(s) of the 8 eighty-slots or which one(s) of the eight 960 khz ROs within a 120 khz RO) and direction 2 (keep 80slots in total but redesign the RACH period and RACH duration location) can be considered.
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 4, 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 8: Support non-consecutive RO configuration to alleviate the RACH LBT failure.
7 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Support 480 kHz and 960 kHz SCS for SS/PBCH block in both initial access and non-initial access cases.
Proposal 2: Support new SS/PBCH block patterns for 480 kHz and 960 kHz SCSs.
· At least one symbol should be reserved between neighboring SS/PBCH block for beam sweeping delay.
· Symbols should be reserved for CORESET and HARQ with same SCS as SS/PBCH block. 
· SS/PBCH block candidate locations in a slot for Case A can be reused.
Proposal 3: For COREST#0,
· if synchronization raster interval is larger than FR2, additional CORESET#0 RB offsets are needed for 120 kHz SS/PBCH block SCS;
· if 480 kHz and/or 960 kHz SS/PBCH block SCS is supported, at least CORESET#0 configuration table with same SCS as SS/PBCH block should be supported;
· if there are reserved configurations, both multiplexing Pattern 2 and Pattern 3 can be supported in a CORESET#0 configuration table;
· if CORESET#0 bandwidth can be increased, 96 RB can be added to the CORESET#0 configuration table for 120 kHz SS/PBCH block SCS.
Proposal 4: Support discovery burst transmission window for 60 GHz unlicensed band.
· The content of discover burst at least include the same components as Rel-16 NR-U;
· 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;
· Current PBCH payload can support timing indication of up to 128 candidate SS/PBCH block candidate locations;
· 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 5: Support short PRACH format for all PRACH sequence lengths  and all SCSs , and don’t support long PRACH format.
Proposal 6: Using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference for larger SCS cases. 
Proposal 7: For RO configuration, both direction 1 (indication on which one(s) of the 8 eighty-slots or which one(s) of the eight 960 khz ROs within a 120 khz RO) and direction 2 (keep 80slots in total but redesign the RACH period and RACH duration location) can be considered.
Proposal 8: Support non-consecutive RO configuration to alleviate the RACH LBT failure.
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