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1 Introduction
[bookmark: _Hlk75780291]In this contribution, initial access aspects related to SS/PBCH block and PRACH are discussed. 
2 SS/PBCH Block Related Aspects
2.1	Aspects of Monitoring Type0-PDCCH CSS
In RAN1#104-e, the following agreement was made:

	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)




In RAN#92-e the WID was updated [1] to also include the following agreements:
	· 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 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET#0 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.



In RAN1#106-e, the following agreement was made
	Agreement:
· For ‘controlResourceSetZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support the following set of parameters.
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 

	1 
	24
	2

	1 
	48
	1

	1 
	48
	2


· Note: the number of entries corresponding the same {mux pattern, number of RB, number of symbol} tuple (listed above) will depend on required RB offsets that needs to be supported based on channel and sync raster design.
· FFS: addition other set of parameters



In RAN1#106b-e, the following agreement and working assumption were made
	Agreement:
For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, use the following table for multiplexing pattern 1:
· FFS: The value of X (> 0)
· FFS: whether or not to use different X value depending on whether DBTW is ON/OFF
· FFS: whether or not to use same or different X value for 480 and 960 kHz
· FFS: whether  , or , or whether to remove entries with 
	Index
	
	Number of search space sets per slot
	
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	2
	X
	1
	1
	0

	3
	X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	6
	0
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	7
	X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	8
	5
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	9
	5 + X
	1
	1
	0

	10
	5 + X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	11
	5 + X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



Working assumption:
· For {SSB, CORESET#0/Type0-PDCCH} = {120, 120} kHz, support multiplexing pattern 1 with 96 PRB CORESET#0, and {1, 2} symbol durations
· Note: the working assumption can be confirmed once RAN1 agrees on the number of needed SSB-CORESET0 offsets for 24 and 48 RB CORESET0 based on RAN4 channelization design




From the agreements copied above and the updated WID, it is clear that operation with {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz and {960, 960} kHz is supported and need to be defined. This and the FFS points will be discussed in the following subsections. 

2.1.1 Type0-PDCCH monitoring occasions for {120, 120} kHz SCS operation
Type0-PDCCH monitoring occasions for operation with {120, 120} kHz SCS are determined by existing Table 13-12 (for multiplexing pattern 1) and Table 13-15 (for multiplexing pattern 3) in 38.213. In RAN1#106b-e, potential restrictions for these tables for operation above 52.6 GHz was discussed. For example, it was proposed by some companies to remove the options of offset values O=2.5 and O=7.5. 
We are strongly against removing values O = 2.5 and 7.5, as they are beneficial for configuration of a SSB beam sweep closely followed by a RMSI beam sweep. Such TDM separation of SSB/RMSI beam sweeps is essential for the minimum bandwidth channel (100 MHz) considering practical RMSI payloads (> 100 bytes). For such payloads, a large fraction of the resources in a full slot are needed considering that RMSI delivery requires the use of a robust modulation and coding scheme (MCS).
In our view, there is no clear motivation to impose restrictions on operation with legacy Rel-15 subcarrier spacings when operating above 52.6 GHz. In other words, confirm that the existing tables for 120 kHz operation are applicable for operation in the full FR2 range, as already stated in 38.213. 
[bookmark: _Toc87001088]Use existing Table 13-12 and Table 13-15 in 38.213 "as is" for operation with 120 kHz SCS in the FR2-2 frequency range. No table entries should be removed.
2.1.2 Type0-PDCCH monitoring occasions for {480, 480} and {960, 960} kHz SCS operation
Related to the SS/PBCH block time domain patterns are the PDCCH monitoring occasions, which also need to be defined for {480, 480} and {960, 960} kHz SCS operation. Also for PDCCH monitoring occasions, we propose to follow the spirit of the WID and build these on the existing configurations for {120, 120} kHz SCS operation. 
For {120, 120} kHz SCS operation, Table 13-12 in 38.213 defines PDCCH monitoring occasions for SS/PBCH block and CORESET multiplexing pattern 1 and Table 13-15 defines PDCCH monitoring occasions for multiplexing pattern 3. Based on the agreement from the updated WID to prioritize SSB-CORESET#0 multiplexing pattern 1, the coming discussion is focused on that case. The agreed table for operation with 480 and 960 kHz SCS is copied below for convenience of the discussion, see Table 1. 

[bookmark: _Ref79146318]Table 1: Agreed table for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1, for operation with 480 and 960 kHz SCS.
	Index
	
	Number of search space sets per slot
	
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	2
	X
	1
	1
	0

	3
	X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	6
	0
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	7
	X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	8
	5
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	9
	5 + X
	1
	1
	0

	10
	5 + X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	11
	5 + X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



For operation without shared spectrum access, 38.213 states: 
	For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot [image: ]. For SS/PBCH block with index [image: ], the UE determines an index of slot [image: ] as [image: ] that is in a frame with system frame number (SFN) [image: ] satisfying [image: ] if [image: ], or in a frame with SFN satisfying [image: ] if [image: ]. [image: ] and [image: ] are provided by Tables 13-11 and 13-12, and [image: ] based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slots [image: ] and [image: ] is the first symbol index provided by Tables 13-11 and 13-12.



For operation with shared spectrum access, a UE monitors PDCCH in the Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for Type0-PDCCH CSS set with respect to average gain, QCL-TypeA, and QCL-TypeD properties. The table interpretation and the formulas are the same but using the candidate SS/PBCH index  instead of using . 
In the above procedure text, the offset, O, from the table is scaled by  where  is the subcarrier spacing index. The values  and  correspond to SCS 480 and 960 kHz respectively, hence if this formula is used "as is," the offset would scale with a factor of 32 and 64 respectively. For operation with 120 kHz SCS and using 64 beams for SSB transmissions, index 5 (with offset O = 5) of Table 13-12 can be used to place PDCCH monitoring occasions starting after a 2-slot gap after the last SSB. With 64 SSB beams transmitted using Case D pattern, the SSB’s will be transmitted in slots 0 to 37, and using offset O = 5, the PDCCH monitoring occasions will start in slot 40. Using an offset value O > 0 is an attractive configuration for a large SIB1 payload transmission, since with one PDCCH monitoring occasion per slot, a full slot can be configured per PDCCH/PDSCH transmission beam.
For operation with 480 kHz SCS, since the offset O is scaled with the subcarrier spacing index, using offset value O = 5 (index 5 of Table 13-12) means that the first PDCCH monitoring occasion starts in slot 160, while the last SS/PBCH block transmission is in slot 37 if Case D time domain pattern is used. In the discussion during RAN1#106-e, scaling of the offset values has been proposed to be able to configure PDCCH monitoring occasions closer in time to the SS/PBCH transmissions.
An overview of the alternatives discussed, with some options for X, are given in Table 3 and Table 4. Table 2 shows the legacy PDCCH monitoring occasions for 120 kHz SCS operation.
[bookmark: _Ref83204497]Table 2 First slot for PDCCH monitoring occasion for operation with {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
	Offset O
	First slot for PDCCH monitoring occasion

	2.5
	20

	5
	40

	7.5
	60



[bookmark: _Ref83204480]Table 3 First slot for PDCCH monitoring occasion for operation with {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
	
	First slot for PDCCH monitoring occasion

	Offset O
	X=2.5
(former Alt 1)
	X=2.5/2
(former Alt 3)
	X=2.5/4
(former Alt 3)

	X
	80
	40
	20

	5
	160
	160
	160

	5+X
	240
	200
	180



[bookmark: _Ref83204486]Table 4 First slot for PDCCH monitoring occasion for operation with {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
	
	First slot for PDCCH monitoring occasion

	Offset O
	X=2.5
(former Alt 1)
	X=2.5/2
(former Alt 3)
	X=2.5/4
(former Alt 3)

	X
	160
	80
	40

	5
	320
	320
	320

	5+X
	480
	400
	360



When evaluating the alternatives, it is important to keep in mind that the first slot for PDCCH monitoring occasion is given in terms of an absolute slot number within a frame and that the SS/PBCH block transmissions can be placed in either the first half frame or the second half frame using the half frame bit in the PBCH payload. In addition, the monitoring occasion configuration needs to be selected to not conflict with the chosen common TDD pattern (if configured). 
According to our evaluation, all alternatives are feasible with respect to the possibility to be able to select a configuration and a common TDD pattern that will work. The different alternatives differ mainly regarding what gaps that can be chosen between the SS/PBCH sweep and the PDCCH/PDSCH sweep when using a non-zero offset parameter. They also differ regarding the capability to place SS/PBCH beam sweep and PDCCH/PDSCH beam sweep in both the same and in different half frames for the cases when the SS/PBCH is in the first and second half frame. In Figure 1 and Figure 2, the relative placement of a 64 beam SS/PBCH transmission and the corresponding Type0-PDCCH monitoring occasions are shown for the three alternatives. The pictures assume one monitoring occasion per slot (M=1). Value X=2.5 is shown since it corresponds to the former Alt 1 (no scaling) option. In addition, X=2.5/2 and X=2.5/4 are shown.
[image: ]
[bookmark: _Ref83723406]Figure 1 Illustration of PDCCH monitoring occasion placement related to SS/PBCH transmissions, for offsets O = X / 5 / 5+X respectively. Picture assuming 64 candidate beams, SS/PBCH transmissions in the first half frame. 

[image: ]
[bookmark: _Ref83723413]Figure 2 Illustration of PDCCH monitoring occasion placement related to SS/PBCH transmissions, for offsets O = X / 5 / 5+X respectively. Picture assuming 64 candidate beams, SS/PBCH transmissions in the second half frame.
The length of the gaps between the SS/PBCH beam sweep and the PDCCH/PDSCH beam sweep for a certain offset value does not only depend on the chosen offset value, but also on the number of SS/PBCH beams and the configured SS/PBCH pattern.
Following the design principle of not optimizing configurations for 120 kHz SCS operation that are also functional for 480 and 960 kHz operation, we propose to support selecting X=2.5. All options shown in the figures, X=2.5, X=2.5/2, and X=2.5/4, offer the ability to have SS/PBCH and PDCC/PDSCH beam sweeps in both the same and in different half frame regardless of which half frame that is occupied by SS/PBCH transmissions, and they offer space between the SS/PBCH beam sweep and the PDCCH/PDSCH beam sweep to allow for uplink or other DL scheduling.
Selecting X=2.5 for both 480 and 960 kHz SCS is equivalent to what was previously denoted Alt 1 (no scaling). As stated for previous meeting, we are promoting to not optimize functional parts of the specification, and therefore proposed Alt 1. In line with that, we propose to select X=2.5 for both 480 and 960 kHz SCS. 
In addition, we see no motivation to use different X value depending on whether DBTW is ON/FF. 
Another aspect that has been discussed in previous meetings is the configuration options for first symbol index in Table 13-12. For configuration options with two monitoring occasions per slot (M = ½), the first symbol index of the second monitoring occasion in the slot is for FR2 defined to be either in symbol 7 or in symbol . 
It was discussed (FFS: whether  , or , or whether to remove entries with ) both to remove the option of placing the second monitoring occasion right after the first monitoring occasion, and to add a 1 symbol gap between the first and second monitoring occasion. In our view there is no motivation of removing the entries with . The option of placing the first monitoring occasion right after the second monitoring occasion is a fundamental and valid configuration from Rel-15, it is valid also for larger subcarrier spacings and should be preserved. Our view is also that there is also no motivation for adding a 1 symbol gap between the first PDCCH occasion and the second PDCCH occasion since there is an agreement (with brackets) from RAN4 that beam switching can be performed within the cyclic prefix also for 960 kHz SCS (beam switching time agreed to be [59 ns] [5]). Based on this agreement, adding an extra gap is not motivated. The existing configurations (rows of Table 13-12) are functional and applicable for operation with 480 and 960 kHz SCS as well also when it comes to symbol index of the monitoring occasion. 

[bookmark: _Toc86853785][bookmark: _Toc86842431][bookmark: _Toc87001089]In the table in the RAN1#106b-e agreement, select X=2.5 for both 480 and 960 kHz, and for both DBTW ON/OFF, select , and keep row entries with . 
2.1.3 CORESET#0 Configuration
Regarding the FFS points in the agreement from RAN1#104-e, it has been discussed in previous meetings to introduce potential restrictions on what CORESET#0 configurations from Table 13-8 of 38.213 [3] are applicable for the 52.6 – 71 GHz frequency band. Our view is that such restrictions should be avoided, thus preserving Rel-15 FR2 functionality. For the case of {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz, it is clear from the RAN1#104-e agreement that the existing configuration options from the table with respect to SSB-CORESET#0 multiplexing pattern, number of RBs for CORESET#0, and number of symbols for CORESET#0 are all supported for operation in the band 52.6 - 71 GHz. The FFS point is to decide if additional values should be supported, and most importantly, what SSB-CORESET#0 offset values are required.
[bookmark: _Toc87001080]For operation with 120 kHz SCS, it is clear from the agreement in RAN1#104-e that that the existing configuration options from the table with respect to SSB-CORESET#0 multiplexing pattern, number of RBs for CORESET#0, and number of symbols for CORESET#0 are all supported for operation in the band 52.6 - 71 GHz.
Table 13-8 from 38.213 Section 13 [3] corresponding to the {120,120} kHz SCS combination for FR2 is copied here for convenience, see Table 5.
[bookmark: _Ref86925027]Table 5: Copy of Table 13-8 from 38.213: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz.
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	24
	2
	-20 if [image: ] 
-21 if [image: ]

	5
	3 
	24
	2
	24

	6
	3 
	48
	2
	-20 if [image: ] 
-21 if [image: ]

	7
	3 
	48
	2
	48

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Following the intent of the updated WID [1]
“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”. 
we prefer to use the tables for 120 kHz SCS operation as a starting point for defining configurations for operation with 480 and 960 kHz SCS. Furthermore, based on the updated WID, SSB-CORESET#0 multiplexing pattern 1 should be prioritized. We observe that in the RAN1#106-e agreement above, in fact all of the table entries corresponding to multiplexing pattern 1 for 120 kHz have been agreed for 480/960 kHz with respect to the number of RBs and symbols for CORESET#0.
To address the FFS in the RAN#106-e agreement on whether or not other sets of parameters should be supported, it is useful to consider the SSB and CORESET#0 bandwidths for 480 and 960 kHz SCS in relation to the minimum bandwidth of 400 MHz (same for both 480 and 960 kHz SCS). These bandwidths are shown in Table 6.
[bookmark: _Ref86925197]Table 6: SSB and CORESET#0 bandwidths for 480 and 960 kHz SCS operation.
	SCS [kHz]
	SSB bandwidth [MHz]
	CORESET BW [MHz]
	CORESET + SSB BW [MHz]

	
	
	24 RBs
	48 RBs
	24 RBs
	48 RBs

	480
	115.2
	138.24
	276.48
	253.44
	391.68

	960
	230.4
	276.48
	552.96
	506.88
	783.36



A number of conclusions can be drawn from this table. For 480 kHz SCS, multiplexing pattern 1 works fine for both 24 RB and 48 RB CORESET#0 using the minimum channel bandwidth. For 960 kHz SCS, multiplexing pattern 1 works fine using the minimum channel bandwidth, but 48 RB CORESET#0 is not applicable. This is okay, since it works fine if a wider channel bandwidth is used. Based on this, we think the RAN1#106-e agreement is sufficient, and it is not necessary to support other sets of parameters.  
For the discussion on what SSB-CORESET#0 offsets are required for the 52.6 – 71 GHz band, there is a dependency on the channelization design, and some aspects of the design are not yet decided by RAN4. In order for RAN1 to make progress, feedback is needed from RAN4 on the following:
· Sync raster granularity
· In addition to determining if new SSB-CORESET0 offsets are required, the sync raster granularity also determines the UE SSB search complexity during initial access. Due to the fact that the minimum bandwidths for each SCS for the 52.6 – 71 GHz band are greater than the minimum bandwidth for the Rel-15 FR2 bands (50 MHz), there is an opportunity to make the sync raster more coarse than Rel-15, e.g., define every 3rd  or 12th GSCN to be valid for 120 kHz and 480 kHz, respectively. See further discussion below.
· Spectral utilization
· This determines the number of available RBs for a given channel bandwidth. It is particularly important for RAN1 to know this value for the minimum channel bandwidth (100 MHz for 120 kHz SCS and 400 MHz for 480 kHz) for determining SSB-CORESET#0 offsets.
· The spectral utilization  is defined as the transmission bandwidth configuration (i.e., number of available RBs ) divided by the nominal channel bandwidth . For a given subcarrier spacing , the number of RBs is then determined as follows

· For example, for the 100 MHz minimum channel bandwidth for 120 kHz SCS, a spectral utilization of 95% corresponds to  RBs. RAN4 is also discussing other spectral utilization values down to 85%. Using the above formula, the minimum number of RBs would then be 60, corresponding to 86.4% SU. 
Before receiving feedback from RAN4 on these issues, it is useful in RAN1 to consider an exemplary channelization design which can help to predict what SSB-CORESET0 offsets are required. In [6] we discuss the floating channelization design (Option 1-C) discussed in RAN4 [7]. An update of the Option-1C design is shown in Table 7 below. This design has as much commonality as possible with the way bands are defined in FR2, i.e., a range of ARFCN values and a range of GSCN values are defined with appropriate step sizes for each. 
[bookmark: _Ref87000902]Table 7: Floating channelization design (update of Option 1-C) for the 57-71 GHz band
	SSB SCS
	ARFCN Range and 
<Step Size>Total UE SSB Search Complexity for Initial Access (337)

	GSCN Range and 
<Step Size>
	Number of Sync Raster Points

	120 kHz
	2563333 <2> 2794999
(57050.04 - 70950.00 MHz)
	24153 <3> 24960
(57030.24 – 70975.20 MHz)
	270

	480 kHz
	2565835 <8> 2792499
(57200.16 - 70800.00 MHz)
	24157 <12> 24949
(57099.36 – 70785.12 MHz)
	67

	960 kHz
	2565835 <16> 2792491
(57200.16 - 70799.52 MHz)
	24160 <6> 24952
(57151.20 – 70836.96 MHz)
	133




In the updated Option 1-C design shown in Table 7, we assume every 3rd GSCN value is valid for 120 kHz SCS which corresponds to a sync raster granularity of 3*17.28 = 51.84 MHz. The GSCN grid for 480 kHz SCS is scaled correspondingly, resulting in every 12th GSCN value being used. This granularity is chosen since the minimum channel bandwidth for 480 kHz is 4x larger than for 120 kHz SCS.
As can also be seen from Table 7, the GSCN step size for 960 kHz is chosen as 6, whereas one might expect a value of 12 considering that the minimum channel bandwidth for 960 kHz (400 MHz) is the same as for 480 kHz. However, due to the fact the SSB bandwidth is twice as large for 960 kHz compared to 480 kHz and that the minimum bandwidth does not scale, it is necessary to compensate by using a GSCN step size smaller than 12 so that the SSB will fit within the transmission bandwidth (see design criteria in [6]). Other than the increased GSCN granularity for 960 kHz, exactly the same design process is used as for 120/480 kHz SCS. We emphasize that since 960 kHz SSB is not used for initial access, this does not affect the UE SSB search complexity. For this SCS, the GSCN is always signalled to the UE for both SCell configuration and for configuration of ECGI reporting to support PCI confusion detection and ANR functionality.
Regarding ARFCN values, we assume that every 2nd ARFCN is valid for the case of 120 kHz as for FR2. For the case of 480 and 960 kHz, we scale the step size by 4x and 8x. With these step sizes, channel center frequencies are always separated by an integer number of sub-carriers which is beneficial for single FFT operation when aggregating multiple carriers.
It is instructive to compare the UE SSB search complexity for the above design to the frequency bands currently defined for FR2. The largest FR2 band is n259, spanning 4 GHz (see Table 5.2.1 in [2]). For this band (see Table 5.4.3.3-1 in [2]) there are 230 possible GSCN values for 120 kHz SCS (every sync raster point is valid) and 114 possible GSCN values for 240 kHz SCS (every second sync raster point is valid), resulting in a total of 344 possible GSCN values to search. Considering a UE supporting n257 and n259, which are the two bands considered in the WID agreement copied above, the number of sync raster points to search is 599. These Rel-15 FR2 values are compared against the floating channelization design for 57 – 71 GHz in Table 8 for a UE that supports initial access on 120 kHz SCS only and for a UE that supports initial access on both 120 and 480 kHz SCS. Most notably, the UE search complexity for the above design is less than for a Rel-15 UE supporting only Band n259 (337 vs. 344). It is much less than for a Rel-15 UE supporting both Bands n257 and n259 (337 vs. 599).
[bookmark: _Ref87000989]Table 8: UE SSB search complexity for 57 – 71 GHz band compared to existing FR2 bands.
	
	SSB SCS(s) supported for initial access [kHz]
	Search complexity

	Largest FR2 band (n259)
	120 + 240
	344

	Most common FR2 bands (n257 and n259)
	120 + 240
	599

	57 – 71 GHz band (search complexity for UEs supporting initial access on 120 kHz SCS only)
	120
	270

	57 – 71 GHz band (search complexity for UEs supporting initial access on 120 kHz and 480 kHz SCS)
	120 + 480
	337



We observe that the above floating channelization design has the following features:
· The set of allowed ARFCNs enables a high degree of flexibility in configuring the center frequency of a channel or set of channels since the ARFCN step size is equal to the SCS configured for those channel(s) (i.e., 120, 480, or 960 kHz SCS)
· This high degree of flexibility allows for alignment of those channel(s) with any arbitrary spectrum allocation including
· Alignment with IEEE 802.11 ad/ay channels if required
· Alignment with any regional unlicensed spectrum allocation
· Alignment with any future licensed spectrum allocation
· Additionally this allows for single FFT operation for CA since the channel spacing between multiple aggregated channels is always an integer number of subcarriers
· The center frequency (ARFCN) for a channel of a given SCS is configured using the same set of defined ARFCNs for any of the supported bandwidths (100, 400, 800, 1600, 2000 MHz) as well as any future defined bandwidths 
· In other words, it is not necessary to design a separate set of ARFCNs and corresponding GSCNs for each supported channel bandwidth (as required for the Option 1-D design discussed in RAN4 [7])

2.1.3.1	SSB-CORESET0 Offsets
Here we analyze what SSB-CORESET0 offsets are needed for the above floating channelization design. The following procedure is followed using the ARFCN and GSCN values shown in Table 7 to verify that a given set of SSB-CORESET0 offsets work for all ARFCNs. First, for a given ARFCN, identify the set  of global sync raster points (GSCN values) that fall within the transmission bandwidth configuration ( RBs) of a channel defined by that ARFCN, where the formula for  is defined in the previous section and depends on the spectral utilization . For example for 120 kHz SCS, assuming a 51.84 MHz granularity for the global sync raster points (every 3rd GSCN), the cardinality (size) of the set  is at most . Second, amongst these  GSCN values, find at least one value that satisfies both of the following criteria:
1. The SS/PBCH block with center frequency corresponding to the GSCN fits within the  RBs
2. For a given CORESET#0 size and SSB-CORESET#0 multiplexing pattern, CORESET#0 fits within the  RBs for at least one of defined SSB-CORESET#0 offsets.
The floating channelization option is extensively evaluated in our companion contribution [6]. The above exhaustive check of the applicable ARFCN and GSCN points from Table 7 for each of the three subcarrier spacings (120, 480, and 960 kHz) was conducted. In this check, we assume a "worst case" spectral utilization of 86.4% ( RBs). Offsets that work for this SU will also work for larger SU values. Through this exhaustive search, it was verified that with the set of SSB-CORESET#0 offset values {2,14,26} for 120/480 kHz SCS and {0,4} for 960 kHz SCS, there is at least one GSCN point within the transmission bandwidth configuration (NRB RBs) for which CORESET0 fits for at least one of the defined SSB-CORESET0 offsets for all ARFCNs. Hence, all ARFCNs in the defined channel raster in Table 7 are usable and the UE can determine the position of CORESET0 based on the SSB-CORESET0 offset and indicated kSSB in MIB. We note that if the SU ≥ 92.16% ( RBs), then the set of SSB-CORESET0 offsets {0,14,28} can be used instead of {2,14,26}.
From Table 13-8 in 38.213, we see that for a 48 RB CORESET0, offset value 14 is supported and for a 24 RB CORESET0, offset values 0 and 4 are supported. Hence, adding support for offset values 2 and 26 for 48 RB CORESET0, the floating channelization as outlined in [6] is complete. Aligning to the legacy design of supporting both a 1-symbol and a 2-symbol CORESET0 for the 48 RB CORESET0 option, the complete design can be accomplished by using four of the eight reserved rows of Table 13-8 to support offset values 2 and 26.
Since the same offset values are useful for operation with 120 kHz and 480 kHz SCS, there is little value of adding a separate table for operation with 480/960 kHz SCS operation, Table 13-8 can be extended to be valid also for the higher subcarrier spacings introduced in the 57 – 71 GHz band. 
Based on the above discussion, we conclude the following assuming that RAN4 defines a spectral utilization of at least 86.4%:
[bookmark: _Toc87001081]For the 57 – 71 GHs band, the following SSB-CORESET0 offsets are sufficient to ensure that all ARFCNs in the floating channelization design in [6] are usable:
· [bookmark: _Toc87001082]120/480 kHz SCS: [2 14 26] RBs for 48 RB CORESET0
· [bookmark: _Toc87001083]960 kHz SCS: [0 4] RBs for 24 RB CORESET0
[bookmark: _Toc86842434][bookmark: _Toc87001090]If RAN4 defines a floating channelization with a sync raster granularity in line with the design in [6], reserve space in the CORESET configuration tables for 3 SSB-CORESET0 offsets for the case of 48 RB CORESET0 for 120/480 kHz. 

2.1.3.2	96 RB CORESET0
In earlier meetings, there has been discussion on adding support for 96 RB CORESET in Table 13-8, and one argument has been to increase the coverage of PDCCH. According to our own link budget analysis, the PDSCH carrying SIB1 has approximately 4 dB worse link budget than PDCCH, hence we do not see any gain of improving the coverage of Type0-PDCCH by adding support for 96 RB CORESET configurations for operation above 52.6 GHz. 
However, we acknowledge that a working assumption on 96 RBs has been made. As discussed above, depending on what channelization design that is agreed in RAN4, additional RB offset values will probably be necessary to add to Table 13-8 of 38.213. It is also noted in the Working Assumption that a decision to add support for a 96RB CORESET cannot be taken until RAN1 has agreed on how many additional offsets that are required for 24 and 48 RB CORESET configurations. Regardless, adding support for 96 RB CORESET is an optimization. Hence, we propose the following: 
[bookmark: _Toc87001091]Do not confirm the Working Assumption to support 96 RB CORESET for 120 kHz SCS operation until the RAN4 channelization design is known and it is known how many SSB-CORESET0 offsets are needed for 24 and 48 RB CORESET0. 

2.2	SSB time domain patterns for SSB
In RAN1#106b-e, the following agreements were made
	Agreement:
No other values of n other than agreed previously is supported for 120kHz SCS, where parameter ‘n’ is the set of values to determine the first symbols of the candidate SSB blocks for 120kHz SCS in agreement from RAN1 #104-bis-e.

Agreement:
Supported value of n for 480/960kHz SSB slot pattern:
· ALT A) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· same pattern will apply to 480kHz and 960kHz (i.e same N and M for 480 and 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT B) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· scaled version pattern will apply between 480 and 960 kHz (i.e. N and M for 480kHz, 2N and 2M for 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT C) slots that do not contain SSB correspond to the slots that do not contain SSB in 120 kHz Case D.
· Note: ALT 4 means that only slots 32-39 for 480 kHz SSB pattern are reserved for UL and 960 kHz SSB pattern is contiguous.




With the latest agreement on candidate SSB block positions for 120 kHz, all outstanding issues regarding SSB time domain patterns for this SCS are resolved. For 120 kHz SCS operation, SSB Case D pattern as specified for Rel-15 (symbol mapping and values of n) is applicable also for operation above 52.6 GHz. For 480/960 kHz SCS operation, the SS/PBCH block pattern is not fully resolved.
2.2.1	SS/PBCH block patterns for 480 and 960 kHz SCS operation
It is agreed that SS/PBCH blocks with 480 and 960 kHz SCS shall be supported and the SSB pattern within a slot is agreed to be defined according to the following: the first symbols of the candidate SSB have index {2, 9} + 14*n. The values of n are not agreed. During RAN1#106b-e, several options were discussed, and it was agreed to continue the discussion using the alternatives Alt A, B and C copied in the agreement above. 
Alt A and B leave gaps between bursts of SS/PBCH blocks. Alt C has gaps for 480 kHz SCS only if it is agreed to support more than 64 candidate position. Alt C has no gaps for 960 kHz SCS operation. 
We have previously promoted an SS/PBCH block pattern according to Alt A. The main reason being alignment with Rel-15 configurations. However, the Rel-15 Case D pattern cannot be fully re-used since the symbol mapping is different. In addition, due to the much shorter slot length for 480 and 960 kHz SCS, there is not much value of leaving gaps in the SSB pattern for UL transmissions, and any gaps will be difficult to utilize for UL transmissions due to Tx/Rx switching times. For DL transmissions, gap slot in the SSB pattern could be utilized. But also for this case, due to the much shorter slot length for 480 and 960 kHz SCS, there is not much need to leave gaps for DL transmissions either. Hence, we support defining a pattern without gaps, i.e., Alt C. In this way the SSB beam sweep can be completed as quickly as possible. For example, for 480 kHz, the sweep completes in 1 ms.
Another benefit of adopting a contiguous (i.e., not slot gaps) pattern (Alt-C) is that for a practical TDD DL-UL pattern, e.g., 4:1 for 120 kHz that translates to 16:4 for 480 kHz, is that it maximizes the number of SSBs that can be transmitted for the case where a non-zero offset O is used for the Type0-PDCCH montirogin configuration. For an SSB pattern with gaps, there are more SSBs that cannot be transmitted than due to collision of the Type0-PDCCH monitoring occasions with UL slots where RMSI cannot be transmitted.
[bookmark: _Toc87001092]For operation with 480kHz and 960kHz sub-carrier spacing, support an SSB pattern according to Alt C. 
2.3	DBTW and LBT/LBT-exempt operation
[bookmark: _Hlk52951538]In RAN1#106-e the following agreements were made:
	Working assumption:
For 120kHz SSB, the number of candidates SSBs in a half frame is 64.

Agreement:
For DBTW with 120kHz SCS (if supported), support DBTW lengths {0.5, 1, 2, 3, 4, 5} msec
· Note: this should be the same as Rel-16 NR-U DBTW lengths.




In RAN1#106b-e the following agreements were made:
	Working assumption:
Support DBTW for 120 kHz.
· FFS: Support for 480 kHz and 960 kHz

 Agreement:
For 120kHz SCS, for  values:
· If 2 bits are available in MIB for , at least support {16, 32, 64}
· If 1 bit is available in MIB for , support {32, 64}
· FFS: methods to indicate more  values without increasing used number of bits, e.g., {16, 32, 64}
· Note: value  < 64 indicates DBTW enabled/supported and operation with shared spectrum.
· Note: For operation without shared spectrum channel access, a UE expects to be configured with  = 64. Use of  =64 in shared spectrum is not precluded.
· FFS: 1 bit or 2 bits used for 

Working assumption:
For SCS that DBTW is supported, the following fields are used to indicate parameters related to operation of DBTW
· If only 1 bit is needed: subCarrierSpacingCommon
· If 2 bits is needed: subCarrierSpacingCommon, and 1 bit from pdcch-ConfigSIB1 (pending CORESET0 or search space design would allows for this bit), else, use the spare-bit (not the Msg Extension bit)
· The design of CORESET0 and search space shall be done without any consideration to this proposal 
· If 2 bits are needed for both 120kHz and 480/960kHz cases, then use the same bit field combination (i.e. use pdcch-ConfigSIB1 bit for 120/480/960 kHz or spare-bit for 120/480.960 kHz)
· Note: If pdcch-ConfigSIB1 bit is used, the use of controlResourceSetZero (searchSpaceZero) for 120 kHz and   searchSpaceZero (controlResourceSetZero) for 480/960 kHz is not precluded
· FFS: if 3 bits are required
· Note: the working assumption can be confirmed after RAN1 agrees on the number of needed SSB-CORESET0 offsets based on RAN4 channelization design





2.3.1	Number of candidate SS/PBCH block positions
In RAN1#106-e, RAN1 discussed supporting additional SSB candidate positions compared to the 64 supported for FR2, and a working assumption on only supporting 64 for 120 kHz SCS also for the FR2-2 range was made. In RAN1#107-e it was further discussed supporting more than 64 candidate positions for 480/960 kHz SCS. 
Some of the proponents of increasing the number of candidate positions have outlined solutions that change the fundamental PBCH processing procedures in 38.212. One proposed option is to swap bits between PBCH and MIB. Specifically, it is proposed that MIB carries the 4th least significant bit of SFN, instead of the PBCH ( bit 38.212). The  bit in PBCH payload would then be used to signal additional candidate SSB indexes. There are several issues with this proposal as discussed below. 
Firstly, one bit in MIB needs to be repurposed for carrying the 4th LSB of SFN. Judging from the discussions in RAN1#106b-e regarding finding bits to signal Q in MIB, it seems very difficult to find yet another bit to signal the 4th LSB of SFN. In fact, RAN1 has already made a working assumption on which bits to use for to signal Q. 
Secondly the rather involved scrambling and interleaving procedure in 38.212 needs thoroughly scrutinized and updated accordingly. In particular, the  bit needs to be left outside of the scrambling to allow for soft combining between PBCH transmissions. These changes will impact low level functionality both on the gNB and UE side. In our view, such fundamental modifications are not in line with the WID objective of leveraging the FR2 design to the extent possible. Furthermore, no compelling evidence that such changes are needed have been presented.
In RAN1#106b-e a working assumption on supporting DBTW for 120 kHz was made. The working assumption contains one FSS on whether to support DBTW for 480/960 kHz SCS or not. In our view supporting a DBTW for 480/960 kHz is even less motivated than for 120 kHz, but for the sake of progress we are willing to support it under the condition that only 64 candidate positions are supported and that the design for 120/480/960 is common.
[bookmark: _Toc87001093]Support DBTW for 120/480/960 given that 1) no additional (compared to the already supported 64) candidate SS/PBCH block positions are introduced and 2) a common design (e.g. value range of Q, DBTW length, repurposed bits etc.) for all SCS is used.
  
2.3.2	Signaling of Q and DBTW on/off 
In RAN1#106b-e different options for signaling Q and DBTW on/off were discussed and a working agreement was made. There seems to be consensus that subCarrierSpacingCommon can be repurposed. The more controversial topic is if a second bit can be repurposed and if so if it should come from pdcch-ConfigSIB1 or the spare bit. As stated in the working assumption the former depends on the CORESET#0 and search space design, thus we don’t discuss that further here. The use of the spare bit however deserves some discussion. According to our understanding the reason the spare bit was introduced is to allow a new MIB with the same size (excluding the spare bit) as the current MIB to be defined using message class extension. In 38.331 the MIB is part of the BCCH-BCH-MessageType:
	BCCH-BCH-MessageType ::=        CHOICE {
    mib                             MIB,
    messageClassExtension           SEQUENCE {}
}

MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}



If a new MIB is to be defined it could for example be done as below.
	BCCH-BCH-MessageType ::=        CHOICE {
    mib                             MIB,
    messageClassExtension           BCCH-BCH-MessageType-r18 SEQUENCE {}
}

BCCH-BCH-MessageType-r18 ::=    CHOICE {
    mib-r18                         MIB-r18,
    messageClassExtension           SEQUENCE {}
}

MIB-r18 ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}




As shown above, the spare field can’t be present anymore due to the fact the MIB-r18 needs to be one bit smaller to allow one bit to be used by the CHOICE statement in BCCH-BCH-MessageType-r18 while still keeping the size of BCCH-BCH-MessageType the same. Thus, if the spare bit is used to signal Q, the MIB-r18 cannot be used in FR2-2 spectrum, unless some other field in MIB-r18 can be repurposed.
[bookmark: _Toc87001084]If the spare bit is used to signal Q, a future MIB (e.g. MIB-r18) cannot be defined for FR2-2 spectrum, unless some other field than the spare bit in MIB-r18 can be repurposed to signal Q.
If this is possible or not depends on which fields that will be present in a future new MIB. If this will be in issue in future releases is impossible to say, so in our view the safest option is to only repurpose subCarrierSpacingCommon. Thus, we make the following proposal:
[bookmark: _Toc87001094]Q is signaled by repurposing subCarrierSpacingCommon (1 bit) for 120/480/960 kHz SCS.
In case RAN1 anyway decides to use two bits, the working assumption for 120 kHz from RAN1#106b-e only lists three values of Q, 16,32 and 64. In our view smaller values of Q than 16 are not so useful, thus we think it is better to add e.g. 24 or 48. Adding values that are not a factor of 2 will result in that different SSB index corresponds to different number of candidate positions. This is nothing new compared to Rel-16 where there are 20 candidate positions for 30 kHz SCS and Q equal to 1,2,4, and 8 is supported. 
[bookmark: _Toc87001095]If RAN1 decides to use two bits to signal Q (not our preference) add either 24 or 48 as a value of Q for 120/480/960 kHz SCS.
As discussed above, we are willing to support a DBTW for 480/960 kHz SCS given that the design is common with 120 kHz. Thus, the same Q value range and DBTW length as for 120 kHz should be adopted for 480/960 kHz.
[bookmark: _Toc87001096]The value range for Q is the same for 120/480/960 kHz SCS.
[bookmark: _Toc87001097]The value range for the DBTW length is the same for 120/480/960 kHz SCS.
Another topic that was been discussed is the interpretation of ssb-PositionsInBurst. For FR1, this field is a bitmask with a one-to-one mapping to the SSB indexes. For FR2, to reduce the number of bits in SIB, the 64 SSB indexes are split into 8 groups with 8 entries in each group. In our view the same mechanism as in Rel-16 NR-U can be used also here. That is, the UE expects an SSB position to be used if the SSB index (i.e. after the modulo operation) is represented by a '1' when combining inOneGroup and groupPresense. For example, if groupPresence is 11000000 and inOneGroup is 1000000, it means that SSB index 0 and 8 are present (if they can be transmitted by the gNB). Then if for example Q = 32, it means that candidate SSB positions 0,8,32 and 40 are (potentially) occupied. The only difference compared to Rel-16 NR-U is that there is less flexibility in signaling which SSB index (and thus candidate SSB positions) that are used, but fundamentally the same mechanism can be used.
[bookmark: _Toc87001085]The mechanism in Rel-16 (adapted to the restricted ssbPositionInBust signaling using inOneGroup and groupPresence) can be used also for FR2-2 to map SSB candidate positions to ssb-PositionsInBurst.
[bookmark: _Toc83708846][bookmark: _Toc83799592][bookmark: _Toc83799608][bookmark: _Toc83799652][bookmark: _Toc83799698][bookmark: _Toc83800664]
3	RACH Related Aspects
3.1	PRACH Configuration
In RAN1#106-e, the following agreement was made:
Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· FFS: whether to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation)




As can be seen, the values for  are still in square brackets. If these values are confirmed, the PRACH configurations would be as is shown in Figure 3 for the case of 1 PRACH slot in a reference slot and Figure 4 for the case of 2 PRACH slots in a reference slot. For 480/960 kHz, use of such values would very much follow the same paradigm as the Rel-15 configurations. We see no reason to do anything different, hence we propose the following.

[bookmark: _Toc87001098]Confirm the values for  from the RAN1#106-e agreement for both the case of 1 and 2 PRACH slots per reference slot.
[bookmark: _Toc83916415]
[image: ]
[bookmark: _Ref68177145][bookmark: _Ref86842476][bookmark: _Ref86842457]Figure 3 Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 1.

[image: ]
[bookmark: _Ref61858690][bookmark: _Ref86842478]Figure 4: Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 2.
The only other remaining open issue for PRACH configuration design is the FFS in the RAN1#106-e agreement on whether or not to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation). We don't think that such additional values are needed, since in mm-wave with analog beamforming, use of multiple frequency domain ROs is not very useful to start with, since the gNB can only form a beam in one direction at a time anyway. Hence, we don't see a need to increase the number of ROs in the time domain to compensate.
[bookmark: _Toc87001086]It is not needed to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation).
[bookmark: _Toc83916384][bookmark: _Toc83916400][bookmark: _Toc83916386][bookmark: _Toc83916402]3.2	RA-RNTI
With the agreed RACH design, where a maximum of one PRACH slot can occur in the duration of a 120 kHz slot, the expression for RA-RNTI computation can be reused from Rel-15/16. According to clause 5.1.3 of 38.321, the RA-RNTI associated with the PRACH occasion in which the PRACH preamble is transmitted is computed as
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier). 
The only thing that would need to be clarified in Rel‑17 is that in the case of PRACH subcarrier spacing 480/960 kHz, t_id should be calculated based on a subcarrier spacing of 120 kHz (as opposed to Rel-15/16 where it is always based on the actual PRACH SCS, i.e., value of μ specified in clause 5.3.2 of 38.211),

[bookmark: _Toc87001087]With the proposed RACH design, where, similar to Rel‑15/16, a maximum of one PRACH slot can occur within the duration of a 120 kHz slot, the expression for computing RA-RNTI in Rel‑15/16 can be directly reused, with the additional statement that for PRACH subcarrier spacings 480/960 kHz, t_id should be calculated based on a subcarrier spacing of 120 kHz.

[bookmark: _Toc87001099]For 480/960 kHz PRACH, reuse the RA-RNTI expressions from Rel-15/16, with the additional statement that for 480/960 kHz PRACH, t_id should be determined based on a subcarrier spacing of 120 kHz.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For operation with 120 kHz SCS, it is clear from the agreement in RAN1#104-e that that the existing configuration options from the table with respect to SSB-CORESET#0 multiplexing pattern, number of RBs for CORESET#0, and number of symbols for CORESET#0 are all supported for operation in the band 52.6 - 71 GHz.
Observation 2	For the 57 – 71 GHs band, the following SSB-CORESET0 offsets are sufficient to ensure that all ARFCNs in the floating channelization design in [6] are usable:
	120/480 kHz SCS: [2 14 26] RBs for 48 RB CORESET0
	960 kHz SCS: [0 4] RBs for 24 RB CORESET0
Observation 3	If the spare bit is used to signal Q, a future MIB (e.g. MIB-r18) cannot be defined for FR2-2 spectrum, unless some other field than the spare bit in MIB-r18 can be repurposed to signal Q.
Observation 4	The mechanism in Rel-16 (adapted to the restricted signaling using inOneGroup and groupPresence) can be used also for FR2-2 to map SSB candidate positions to ssb-PositionsInBurst.
Observation 5	It is not needed to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation).
Observation 6	With the proposed RACH design, where, similar to Rel‑15/16, a maximum of one PRACH slot can occur within the duration of a 120 kHz slot, the expression for computing RA-RNTI in Rel‑15/16 can be directly reused, with the additional statement that for PRACH subcarrier spacings 480/960 kHz, t_id should be calculated based on a subcarrier spacing of 120 kHz.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Use existing Table 13-12 and Table 13-15 in 38.213 "as is" for operation with 120 kHz SCS in the FR2-2 frequency range. No table entries should be removed.
Proposal 2	In the table in the RAN1#106b-e agreement, select X=2.5 for both 480 and 960 kHz, and for both DBTW ON/OFF, select , and keep entries with .
Proposal 3	If RAN4 defines a floating channelization with a sync raster granularity in line with the design in [6], reserve space in the CORESET configuration tables for 3 SSB-CORESET0 offsets for the case of 48 RB CORESET0 for 120/480 kHz.
Proposal 4	Do not confirm the Working Assumption to support 96 RB CORESET for 120 kHz SCS operation until the RAN4 channelization design is known and it is known how many SSB-CORESET0 offsets are needed for 24 and 48 RB CORESET0.
Proposal 5	For operation with 480kHz and 960kHz sub-carrier spacing, support an SSB pattern according to Alt C.
Proposal 6	Support DBTW for 120/480/960 given that 1) no additional (compared to the already supported 64) candidate SS/PBCH block positions are introduced and 2) a common design (e.g. value range of Q, DBTW length, repurposed bits etc.) for all SCS is used.
Proposal 7	Q is signaled by repurposing subCarrierSpacingCommon (1 bit) for 120/480/960 kHz SCS.
Proposal 8	If RAN1 decides to use two bits to signal Q (not our preference) add either 24 or 48 as a value of Q for 120/480/960 kHz SCS.
Proposal 9	The value range for Q is the same for 120/480/960 kHz SCS.
Proposal 10	The value range for the DBTW length is the same for 120/480/960 kHz SCS.
Proposal 11	Confirm the values for  from the RAN1#106-e agreement for both the case of 1 and 2 PRACH slots per reference slot.
Proposal 12	For 480/960 kHz PRACH, reuse the RA-RNTI expressions from Rel-15/16, with the additional statement that for 480/960 kHz PRACH, t_id should be determined based on a subcarrier spacing of 120 kHz.
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