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1 Introduction
[bookmark: _Hlk75780291]In the revised WID [1] approved in RAN#92-e on Extending current NR operation to 71 GHz, the following objectives related to initial access are included:
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range.

· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.

· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/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 CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 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.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

In this contribution, these aspects will be discussed, SS/PBCH block related aspects in Section 2 and RACH related aspects in Section 3.
2 SS/PBCH Block Related Aspects
2.1	Monitoring of Type0-PDCCH
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 RAN1#104bis-e, the FFSs of this agreement were discussed but not resolved. On the related topic of minimum channel bandwidth, RAN4 made agreements and have sent an LS back to RAN1 [7]. The following agreements on minimum channel bandwidth were made:
	· RAN1 question for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· RAN4 decision is option 1-1: 100 MHz

· RAN1 question for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· RAN4 decision is option 2-2: 400 MHz

· RAN1 question for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· RAN4 decision is 3-1: 400 MHz



The topic of channelization is still under discussion in RAN4. 
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.



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 now supported and need to be defined. This and the FFS points regarding operation with {120, 120} kHz SCS will be discussed in the following subsections. 
2.1.1 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 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: _Toc79137152]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 1.
[bookmark: _Ref75781191]Table 1: 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



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.
[bookmark: _Toc79137153]Since initial access coverage is limited by SIB1 PDSCH reception, there is no coverage gain of introducing support for 96 RB CORESET#0 to increase the coverage of PDCCH.
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 2nd or 8th GSCN to be valid for 120 kHz and 480 kHz, respectively. 
· 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 valid CORESET#0 configurations.
· 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.
Before receiving feedback from RAN4 on these issues, it is useful in RAN1 to consider an exemplary RAN4 design that could end up being specified which can help to determine whether/what new SSB-CORESET0 offsets are required. We develop an exemplary design in [10] which is used here for discussion. The exemplary design is shown in Table 2 below, and 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 with appropriate step sizes for each.
[bookmark: _Ref78910528]Table 2: Exemplary "floating" channelization design for SSB SCS 120, 480, and 960 kHz for 57 – 71 GHz band.
	SSB SCS
	Minimum
Bandwidth
	ARFCN Range and
<Step Size>
	GSCN Range and
<Step Size>
	Number of Sync Raster Points

	120 kHz
	100 MHz
	2563333 <2> 2794999
(57050.04 - 70950.00 MHz)
	24153 <2> 24959
(57030.24 - 70957.92 MHz)
	404

	480 kHz
	400 MHz
	2565835 <8> 2792499
(57200.16 - 70800.00 MHz)
	24156 <8> 24956
(57082.08 – 70906.08 MHz)
	101

	960 kHz
	400 MHz
	2565835 <16> 2792491
(57200.16 - 70799.52 MHz)
	24159 <8> 24951
(57133.92 – 70819.68 MHz)
	100



In this design, we assume every 2nd GSCN value is valid for 120 kHz SCS which corresponds to a sync raster granularity of 2*17.28 = 34.56 MHz. The reason for the reduced sync raster granularity compared to legacy FR2 operation is that the minimum bandwidth for this band (100 MHz) is twice as large as the minimum bandwidth for Rel-15 FR2 (50 MHz), hence use of 17.28 MHz granularity is not needed. For 480 kHz, we assume every 8th GSCN value is valid which corresponds to a granularity of 8*17.28 = 138.24 MHz (4x more coarse than for 120 kHz). This granularity is chosen since the minimum channel bandwidth for 480 kHz (and 960 kHz) is 4x larger than for 120 kHz SCS. In Table 2, we also include the case of 960 kHz, even though this SCS is not supported for initial access. For 960 kHz, we assume the same GSCN granularity as for 480 kHz since the minimum bandwidth for both 480 and 960 kHz SCS is the same. 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.
It is instructive to compare the UE SSB search complexity for this exemplary 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 values can be compared to the above exemplary channelization design for the 57 – 71 GHz band. This comparison is shown in Table 3 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, for a UE supporting initial access for both 120 and 480 kHz, the UE search complexity is less than for a Rel-15 UE supporting the two FR2 bands n257 and n259 listed in the WID (505 vs. 599).
[bookmark: _Ref78970631]Table 3: 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
	404

	57 – 71 GHz band (search complexity for UEs supporting initial access on 120 kHz and 480 kHz SCS)
	120 + 480
	505



For determining whether new SSB-CORESET0 offsets are needed, the following procedure can be followed using the ARFCN and GSCN values in the exemplary channelization design shown in Table 2. First, for a given ARFCN, identify a 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 above and depends on the spectral utilization . For example for 120 kHz SCS, assuming a 34.56 MHz granularity for the global sync raster points, and assuming , 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 the SSB-CORESET#0 offsets defined in Table 13-8 in 38.213 Section 13.
If no offsets from the existing Table 13-8 can satisfy the 2nd criterion, then it will be necessary to define additional SSB-CORESET#0 offsets.
2.1.1.1	SSB-CORESET0 Offsets for 120 kHz SCS
In Table 4 we show the percentage of ARFCNs in the 57 – 71 GHz band where there exists at least one sync raster point (GSCN) value for which the above two criteria are fulfilled for the case of 120 kHz with minimum bandwidth 100 MHz. This answers the question of whether or not the currently defined SSB-CORESET#0 offsets defined in Rel-15 are suitable for the 57 – 71 GHz band given a particular spectral utilization value  (to be defined by RAN4). Based on the guidance provided in the updated WID agreement, we prioritize consideration of SSB-CORESET multiplexing pattern 1.
[bookmark: _Ref79044428]Table 4: Percentage of ARFCNs for 120 kHz SCS for which there is at least one GSCN for which both SSB and CORESET#0 fit within  RBs assuming nominal channel bandwidth of 100 MHz and SSB-CORESET#0 multiplexing pattern 1. Every 2nd GSCN value is assumed to be valid (34.56 MHz granularity).
	
	
	SSB-CORESET0 Offsets (RBs)

	
	Spectral Utilization

	CORESET0 Size

	14
	{2(2) or 14}
	{0 or 4}

	59
	85.0%
	48
	50%
	100%
	-

	60
	86.4%
	48
	54%
	100%
	-

	66(1)
	95.0%
	48
	79%
	100%
	-

	59
	85.0%
	24
	-
	-
	100%

	60
	86.4%
	24
	-
	-
	100%

	66(1)
	95.0%
	24
	-
	-
	100%

	(1) Number of RBs defined for 100 MHz channel bandwidth in FR2 
(2) New value compared to Rel-15



From this table, it is clear that when a sync raster granularity of 34.56 MHz is used for 120 kHz SCS, it is not possible to find a suitable GSCN value that fulfill the above criteria using only the Rel-15 defined SSB-CORESET#0 offsets in Table 13-8 in 38.213 for a large fraction of ARFCNs. The remedy is to introduce a new SSB-CORESET#0 offset value of 2, indicated by Note (2) in Table 4.
In summary we observe the following for the case of 120 kHz SCS with 100 MHz minimum bandwidth:
· If the sync raster granularity is 2*17.28 = 34.56 MHz:
· For SSB-CORESET#0 Multiplexing Pattern 1 (TDM mux)
· A new SSB-CORESET#0 offset value (2 RBs) needs to be added for CORESET#0 size of 48 RBs
· The existing Rel-15 CORESET#0 configuration table is usable "as is" for CORESET#0 size of 24 RBs

Based on the above discussion, we conclude the following for 120 kHz with 100 MHz minimum bandwidth assuming that RAN4 defines a spectral utilization of at least 85%:
[bookmark: _Toc79137154][bookmark: _Toc75859078][bookmark: _Toc75859493][bookmark: _Toc75859531][bookmark: _Ref71032864]For initial access with 120 kHz SCS, if RAN4 decides on sync raster granularity 2*17.28 = 34.56 MHz, at least one new SSB-CORESET#0 offset value is needed on top of the existing configuration options in Table 13-8 in 38.213. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
2.1.1.2	SSB-CORESET0 Offsets for 480 and 960 kHz SCS
The next topic to discuss is how to specify support for the new subcarrier spacing options to be introduced in Rel-17. For the case of {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} and {960, 960} kHz SCS operation, there are no existing CORESET#0 configuration tables. The updated WID [1] states 
“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”. 
Following this intent, we propose to use the tables for 120 kHz SCS operation as a basis and only make changes to these when strictly necessary. Hence, for 480 and 960 kHz SCS, we propose to support the same configuration options as for 120 kHz for SSB-CORESET#0 multiplexing pattern, number of RBs for CORESET#0, and number of symbols for CORESET#0. Regarding what SSB-CORESET#0 offset to define, the needed offsets for 480 kHz depend on the RAN4 channelization design as do the needed offsets for 120 kHz. 
To investigate this, 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 5.
[bookmark: _Ref75186418]Table 5: 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. With a 400 MHz channel, the 48 RB CORESET#0 option does not work for 960 kHz SCS. For wider bandwidths, a 48 RB CORESET#0 can be used. Further, using the minimum channel bandwidth of 400 MHz for 960 kHz SCS, only multiplexing pattern 1 is applicable. For 480 kHz SCS, multiplexing pattern 1 works fine for both 24 RB and 48 RB CORESET#0. 
Focusing on multiplexing pattern 1, the same analysis regarding SSB-CORESET#0 offset values as for 120 kHz SCS operation can be performed also for 480 kHz SCS. The analysis is based on the exemplary channelization in Table 2 and uses a sync raster granularity that is 4 times sparser than for 120 kHz SCS operation, i.e., 8*17.28 = 138.24 MHz. Table 6 show the percentage of ARFCNs for which there is at least one GSCN for which both SSB and CORESET#0 fit within  RBs assuming nominal channel bandwidth of 400 MHz and that every 8th GSCN values is valid. 
[bookmark: _Ref75846844]Table 6: Percentage of ARFCNs for 480 kHz SCS for which there is at least one GSCN for which both SSB and CORESET#0 fit within  RBs assuming nominal channel bandwidth of 400 MHz and SSB-CORESET#0 multiplexing pattern 1. Every 8th GSCN value is assumed to be valid (138.24 MHz granularity).
	
	
	SSB-CORESET0 Offsets (RBs)

	
	Spectral Utilization

	CORESET0 Size

	14
	{2 or 14}
	{0 or 4}

	59
	85.0%
	48
	50%
	100%
	-

	60
	86.4%
	48
	54%
	100%
	-

	66
	95.0%
	48
	79%
	100%
	-

	59
	85.0%
	24
	-
	-
	100%

	60
	86.4%
	24
	-
	-
	100%

	66
	95.0%
	24
	-
	-
	100%



From the above table, we can draw the following conclusions for the case of 480 kHz SCS and 400 MHz channel bandwidth:
· If the sync raster granularity is 8*17.28 = 138.24 MHz:
· For SSB-CORESET#0 Multiplexing Pattern 1 (TDM mux)
· SSB-CORESET#0 offset values 2 and 14 are needed for CORESET#0 size of 48 RBs
· The existing Rel-15 CORESET#0 configuration table is usable "as is" for CORESET#0 size of 24 RBs
· The same offset values are needed for 120 kHz and 480 kHz SCS operation

For the case of 960 kHz SCS and 400 MHz channel bandwidth we can draw the following conclusions:
· If the sync raster granularity is 8*17.28 = 138.24 MHz:
· For SSB-CORESET#0 Multiplexing Pattern 1 (TDM mux)
· For 400 MHz channel bandwidth, only 24 RB CORESET can be used
· For wider channel bandwidths, 48 RB CORESET can be used
Based on this, we think that the configuration table defined for 120 and 480 kHz can be used as a starting point for discussion for 960 kHz. In our view, RAN1 should strive to define a common table that is usable for all 3 SCS combinations (120,120), (480,480), (960,960). 
Based on the above discussion, we observe and propose the following:
[bookmark: _Toc79137155]For initial access with 480 kHz SCS, if RAN4 decides on sync raster granularity of 8*17.28 = 138.24 MHz, the existing Table 13-8 in 38.213 can be used if at least one new SSB-CORESET#0 offset value is added on top of the existing configuration options. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
[bookmark: _Toc79137156]The offset values that need to be added for operation with 120 kHz SCS are applicable also for 480 kHz SCS operation, hence the same table can be used for 120 kHz and 480 kHz operation.
[bookmark: _Toc79137157]The entries of existing Table 13-8 in 38.213 are useful also for the case of 960 kHz SCS operation.
[bookmark: _Toc79137168]RAN1 should strive to design a common CORESET0 configuration table for use for all 3 supported SCS combinations (120,120), (480,480), and (960, 960).

2.1.2 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. Table 13-12 is copied below for convenience of the discussion, see Table 7. 
[bookmark: _Ref79146318]Table 7: Copy of Table 13-12 from 38.213: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2.
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6
	0
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	7
	2.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {7, if [image: ] is odd}

	11
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



Note that Table 13-12 is applicable for any SCS in the FR2 frequency range, including above 52.6 GHz. Let’s start by discussing PDCCH monitoring occasions for multiplexing pattern 1. For operation without shared spectrum access, 38.213 states:
	[image: ]


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 µ is the subcarrier spacing index. The values  and  correspond to SCS 480 and 960 kHz respectively, hence the offset would be scaled with a factor of 32 and 64 respectively if this formula is used "as is". 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. This 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, the same 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. If it is viewed as a benefit to be able to configure PDCCH monitoring occasions closer in time to the SS/PBCH transmissions, it should be considered to use a value and  instead of  for 480 and 960 kHz SCS, respectively, when computing the slot indices in which to monitor for PDCCH. If the offset value is scaled with 2 to the power of  and 2 to the power of , with a minor specification text change, the existing Table 13-12 is feasible to use "as is" also for subcarrier spacings 480 and 960 kHz. 
[bookmark: _Toc79137158]Table 13-12 is applicable for any subcarrier spacing in the FR2 frequency range when using SSB/CORESET#0 multiplexing pattern 1.
[bookmark: _Toc79137169]Reuse existing Table 13-12 in 38.213 for operation with 480 and 960 kHz SCS. For subcarrier spacings 480 and 960 kHz. Use  and , respectively, instead of  when determining the PDCCH monitoring occasions using offset values from the table.

2.2	SSB time domain patterns for SSB
In RAN1#104bis-e the following agreements were made
	Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB
Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB




In RAN1#105-e the following agreement was made
	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)



2.2.1	SS/PBCH block patterns for 120 kHz SCS operation
SS/PBCH block pattern is already specified in Rel-15 for 120 kHz SCS operation. This pattern is designed with a longer gap (2 slots) between certain SSBs to allow slot-length and sub-slot-length UL and DL transmissions even when a large number of SSB beams is used. These longer gaps correspond to the missing values of n, i.e., n = 4, 9, 14. As shown in the agreement copied above, it is agreed that for 120 kHz SCS operation, Case D pattern shall be supported for operation also in the frequency range 52.6 to 71 GHz. However, there is an FFS on other values of n.
According to the WID, the maximum number of SS/PBCH block beams is 64. It is also the maximum number of candidate SSB positions that can be signalled in the SS/PBCH block using 3 bits from the DMRS sequence and 3 bits from the PBCH payload. Hence, if the motivation to support additional values of n is to somehow increase the number of candidate SSB positions (in case DBTW is supported), this is difficult since existing protocol does not allow more candidate SSB positions to be signalled. If the intention is not to increase the number of SSB candidate positions, then adding other values of n would imply that some of the existing values would need to be removed. This would be in contradiction to the agreement that existing n values shall be supported. 
Operation with SSB with 120 kHz SCS has been supported since Rel-15 for FR2. It is important to preserve the existing Case D pattern, both from a specification and from an implementation point of view. From a specification point of view, there is an agreement on 480/960 kHz SCS SS/PBCH block that specification impact shall be minimized, see above. We fully promote this philosophy and argue that the same should apply also for 120 kHz SCS operation. Even more so for 120 kHz SCS operation, since there are products available today operating with 120 kHz SCS. 
Setting specification impact aside for a moment, we question the rationale for supporting additional values of n. It is agreed that the duration of DBTW is at most 5 ms, implying that with two SS/PBCH blocks in each slot, there is room for at most 80 candidate SS/PBCH positions. For the sake of the discussion, assume that it is possible to find one bit in the MIB that can be re-purposed to be able to signal 80 candidate SS/PBCH positions. Let’s discuss a few examples based on this approach (let’s call it Case D2 in contrast to the legacy SS/PBCH Case D pattern).
Example 1: 64 beams are used. Case D2 pattern would enable shifting the SS/PBCH beam sweep eight slots (16 additional candidate SS/PBCH positions available).
Example 2: Less than 64 beams are used. For both legacy Case D and for D2, the SS/PBCH beam sweep can be shifted in case of LBT failure. For the example of 32 beams used and Case D pattern, the SS/PBCH beam sweep can be shifted 32 candidate positions in case of LBT failure and for Case D2 pattern, the SS/PBCH beam sweep can be shifted 48 candidate positions in case of LBT failure.
During the SI phase, multiple companies provided simulation results that showed that LBT failure is rare [5], and hence the gain of introducing a discovery burst transmission window (DBTW) is very limited. In case DBTW is introduced for this frequency range, the gain of adding additional candidate SS/PBCH positions is very limited, since LBT failure is rare and shifting of SS/PBCH transmissions can be facilitated without additional candidate positions for all cases except when 64 SS/PBCH beams are used.  Especially, considering the considerable specification work that is expected to facilitate signalling of extra SS/PBCH candidate positions and the fact that a 120 kHz SCS implementation for this band will differ from an implementation for legacy FR2, the limited gain does not motivate changing or adding new values of n. To summarize, we see strong reasons to keep 64 as the maximum number of candidate positions also for the extended frequency range.
Based on the limited benefit of adding extra candidate SS/PBCH positions, and not the least, the drawbacks of not being backward compatible with Rel-15 120 kHz SCS operation, no additional values of n should be supported. 
[bookmark: _Toc79137170]For SS/PBCH block with 120 kHz SCS, support Case D pattern as defined in Rel-15. No new values of n are supported.
2.2.2	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 two alternative SS/PBCH block time domain patterns were outlined, see agreement copied above. ALT 1 is a new pattern with the SSBs in the same symbols for all slots, and ALT 2 is reusing the Case D pattern.
There are several aspects to consider when designing the SS/PBCH block time domain patterns for larger SCS, and before discussing the details it makes sense to agree on what design principles to focus on.
Gaps between SSB beams
Gaps can be useful for various reasons: for short UL or DL transmissions (a few symbols), for longer UL or DL transmissions (a few slots), or for beam switching (if cyclic prefix is not judged to be long enough for this). 
When increasing the SCS, the time duration of a 64 beam SS/PBCH transmission is reduced substantially. For example, if 64 SS/PBCH beams are transmitted in 32 slots, the time duration of the SS/PBCH beam sweep is 0.5 ms if 960 kHz SCS is used. Using 480 kHz SCS, the corresponding time duration is 1 ms. With these short beam sweep times, the need to define longer gaps between SS/PBCH beams for PDSCH/PUSCH transmissions is reduced.
To be able to utilize the gaps between the SS/PBCH block beams for short UL transmissions, they need to be large enough to fit DL/UL + UL/DL switching and one or two symbols for transmission in-between. In [4], the RX-TX transition times, NRx-Tx and NTx-Rx, are specified to 13792*Tc which translates to approximately 7 µs. We note that the RAN4 requirement is 5 µs for the UE [2]. For 960 kHz SCS, one OFDM symbol is approximately 1 µs long. Hence, the switching time translates to a large number of 960 kHz symbols, making the short gaps between SS/PBCH blocks not very useful for UL transmissions. 
According to the WID objectives [1], only normal cyclic prefix is to be considered. Another objective is to adopt a common design framework for 480 and 960 kHz SCS. For 960 kHz SCS, the CP length is 73 ns and for 480 kHz SCS it is 146 ns. According to the TR 38.817-02 [6], the worst-case beam switching time is estimated to be below 100 ns. The general consensus in the latest meetings has been to wait for response from RAN4 on beam switching times and for agreements from the channel access agenda item on LBT for SS/PBCH block transmissions before deciding on SS/PBCH block time domain patterns. However, the general approach to use when defining SSB time domain patterns can be discussed before that input is received. In addition, in the latest RAN4 meeting, RAN4 tentatively agreed to [59 ns] beam switching time [9]. Our view is to use a simple approach and not strive for optimizations. 
Based on the tentative RAN4 agreement, the beam switching can be accommodated within the cyclic prefix also for operation with 480 and 960 kHz SCS. Based on this assumption, a simple and basic design approach is to use the FR2 Case D pattern as a basis for the SS/PBCH block time domain patterns for 480 and 960 kHz SCS, i.e., ALT2 in the agreement from the previous meeting. The FR2 Case D definition is [3]:
Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
For an illustration of the pattern, see Figure 1. As stated above, we expect that beam switching can be performed in the CP also for 960 kHz SCS, hence there is no need to introduce symbol level gaps between SS/PBCH blocks. The gaps between pairs of SS/PBCH blocks might be difficult to use for UL transmissions, if RX-TX transition times are not reduced. However, the symbols can be used for short DL transmissions and we propose to use the Case D pattern as is for operation also with 480 and 960 kHz SCS. Using the simple approach, we also propose to keep the longer gaps between SS/PBCH blocks as defined in the Case D pattern for FR2, even if the motivation for them is reduced considering the short slot time for the larger subcarrier spacings. 
[image: ]
[bookmark: _Ref60992867]Figure 1: Example SSB time domain pattern for 480 and 960 kHz SCS. Pattern based on Case D pattern.
To summarize, the following is proposed:
[bookmark: _Toc79137171]Pending confirmation from RAN4 on 59 ns beam switching times, support the FR2 Case D pattern (ALT 2) for time domain pattern for SSB transmissions with 480 kHz and 960 kHz SCS. 
2.3	DBTW and LBT/LBT-exempt operation
In RAN1#104bis-e the following agreements were made
	Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· 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
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· 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.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW
Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc




In RAN1#105-e the following agreements were made
	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 120kHz SSB 
· FFS between 64 or 80
· If DBTW is additionally supported for 480/960kHz SSB 
· FFS between 64 or 128




[bookmark: _Hlk52951538]For NR-U in the 5/6 GHz band, allowing the SS/PBCH blocks to slide within the discovery burst transmission window due to LBT outcome is an optimization. At low-to-moderate loads – the preferred operating point of the system – and/or in controlled environments, a large fraction of the time, sliding is not needed. Furthermore, occasional dropping of an SS/PBCH block due to LBT failure is not disastrous to system performance.
In the 52.6 – 71 GHz band, the need for sliding within a window is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [5]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference.
For these reasons, it is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT) which simplifies the UE procedures for initial access when it is unknown to the UE if the gNB operates with or without LBT.
[bookmark: _Toc79137159]It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a DBTW, especially since SS/PBCH blocks most of the time can be classified as short control signaling transmissions consistent with EN 302 567.
For the case of 480/960 kHz SCS the motivation to introduce a DBTW is even smaller. We observe that the maximum duration of an SSB burst is always less than 10% in a 100 ms observation period. Thus, under EN 302 567 all SSB transmissions can be classified as short control signaling. This was also discussed in RAN1#-105-e and as a result the following FSS was added
FFS whether DBTW will be applicable for 480/960 kHz SSB SCS
Given this we make the following observation
[bookmark: _Toc79137160]Introducing a DBTW for 480/960 kHz SSB SCS is even less motivated than for 120 kHz SSB SCS.
Despite that no compelling evidence of the merits of a DBTW in this band have been presented, the DBTW topic received quite a lot of attention in the last meetings so here we address some to the design aspects of DBTW. 
2.3.1	Number of candidate SS/PBCH block positions
In RAN1#105-e, RAN1 discussed supporting additional SSB candidate positions compared to the 64 supported for FR2, and there is an FFS on whether 64 or 80 should be supported. Some of the proponents of increasing the number of candidate positions have outlined solutions that change the fundamental PBCH processing procedures in 38.212. In our view, such low-level modifications are not in line with the WID objective of leveraging the FR2 design to the extent possible. Further no compelling evidence that such fundamental changes are needed have been presented, thus we make the following proposal:
[bookmark: _Toc79137172]Conclude that no additional (compared to the already supported 64) candidate SS/PBCH block positions are introduced.
2.3.2	Signaling of Q, DBTW on/off, and LBT on/off
In Rel-16, two bits of the MIB were re-purposed to indicate the 4 values of , also referred to as the QCL parameter, Q. Specifically the LSB bit from ssb-SubcarrierOffset and the field subCarrierSpacingCommon were jointly used for this purpose. For the 52.6 – 71 GHz band, it is not clear that exactly the same approach can be used. Furthermore, as shown in the agreement from RAN1#105 it is necessary to signal not only Q, but also to support a mechanism to indicate at least DBTW on/off and potentially LBT on/off. 
[bookmark: _Hlk78194087]For the 52.6 – 71 GHz band, if bit(s) of one or more MIB fields are re-purposed in order to signal DBTW parameters, the UE will need to know a priori if the cell uses LBT to be able to interpret the bits correctly. This is different from Rel-16 where there are no overlapping licensed / unlicensed bands, and LBT is always assumed to be used. An alternative to a priori knowledge, is that the MIB bits must be repurposed in the same way both for licensed (or no-LBT) and unlicensed (with-LBT) operation, i.e. only bits that are unused also for licensed operation can be repurposed.
[bookmark: _Ref74834933][bookmark: _Toc79137161]If the DBTW-related parameters are signaled in MIB by repurposing unused bits, the bits must be unused for both unlicensed operation and licensed operation (LBT exempt) in order for the UE to correctly interpret the MIB.

Here we provide some analysis on which bits from MIB could potentially be repurposed, addressing one field at a time:
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))
}

PDCCH-ConfigSIB1 ::=                SEQUENCE {
    controlResourceSetZero              ControlResourceSetZero,
    searchSpaceZero                     SearchSpaceZero
}

subCarrierSpacingCommon
If this field can be repurposed depends on which SCS combinations that are supported for initial access. According to current RAN and RAN1 agreements, the only supported SCS combinations for (SSB, CORESET0/Type0-PDCCH) are (120,120), (480,480) and (960,960) kHz. Since the SCS for SSB and CORESET0/Type0-PDCCH will be specified to always be the same, and since the UE knows the SSB SCS based on its own decoding, the subCarrierSpacingCommon bit can be repurposed. This fulfils the requirement of Observation 10 that this bit is unused for both unlicensed operation and licensed operation in the 52.6 – 71 GHz band.
ssb-SubcarrierOffset





In FR1  which is expressed in terms of 15 kHz SCS, thus requiring 5 bits to signal. The 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload. In Rel-16 NR-U, the LSB of ssb-SubcarrierOffset could be repurposed based on the observation that is only allowed to take even values since only 30 kHz SS/PBCH block is supported for initial access. Since there are only 12 even values, only 4 out of the 5 bits are needed to signal thus allowing the LSB to be repurposed. 


However, for FR2 the situation is different. For FR2,  and is expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon (rather than a fixed reference SCS as in FR1). Thus  requires 4 bits to signal, and all 4 bits of  are given by the higher-layer parameter ssb-SubcarrierOffset. It should be noted that for FR2   is used to signal the SS/PBCH block index.


Because it has been agreed to support (120,120), (480,480) and (960,960) kHz (SS/PBCH block, CORESET#0) SCS, it seems probable that all 4 bits of ssb-SubcarrierOffset will be needed to support the full  range 0-11, unless RAN4 introduces restrictions on the supported synchronization and channel raster points such that only 8 or fewer values are needed, thus requiring only 3 bits to signal. This seems unlikely given the current RAN4 design allowing quite flexible ARFCN/GSCN combinations. Furthermore, the channel and sync raster design discussions in RAN4 have not yet started in earnest.
ControlResourceSetZero
Another option could be to repurpose one bit from ControlResourceSetZero (part of pdcch-ConfigSIB1) since currently only 8 out of the 16 rows in Table 13-8 in 38.213 are used. However, this relies on that no more configurations are needed.  We point out in Observation 3 that additional configurations might, in fact be needed, e.g., if RAN4 adopts a "floating" channelization design with a coarser synch raster granularity to minimize UE SSB search complexity (34.56 MHz instead of 17.28 MHz). Another complicating fact is that RAN1 is discussing supporting a 96 PRB CORSESET#0, which would need additional entries as well.
It should also be noted that RAN1 already agreed in RAN1#104-e to at least support the current entries in the CORESET0 configuration table, thus if new configurations are needed, more than 8 entries will be used. Note that it is not enough that there are a few unused entries in the configuration tables for one bit to be available; half of the entries (i.e. 8) need to be unused in order to make one bit available. So, to summarize, before RAN1 can make a decision to repurpose bits from this field, RAN4 needs to progress on channelization and synch raster design and RAN1 needs to decide if a 96 PRB CORSESET#0 (proposed by some companies) will be supported or not.
SearchSpaceZero
The table for FR2 SSB and CORESET multiplexing pattern 1 has only two reserved entries, thus no bits are available from SearchSpaceZero (part of pdcch-ConfigSIB1), unless the number of configurations is reduced significantly. For pattern 2 and 3, there are 15 reserved values, and thus three bits could be repurposed. However, as this is not possible for pattern 1, which in our view is the most useful one for this frequency range and the one prioritized by the latest RAN agreement. All in all, we don’t see that any bits can be repurposed from searchSpaceZero.
Spare bit
Already in Rel-16, RAN1 discussed using the spare bit, but it was concluded not to adopt that solution for fear that it is needed by RAN2.  If this bit is to be repurposed, it needs to be discussed with RAN2 taking into account forward compatibility aspects related to the potential introduction of a new MIB in the future.
systemFrameNumber, dmrs-TypeA-Position, cellBarred, intraFreqReselection
All of these four fields are equally useful in this frequency range as in FR1 and FR2, thus we don’t see that any of them can be repurposed. 
To summarize, it seems that given current agreements, at most one bit (subCarrierSpacingCommon) can safely be repurposed to signal Q, LBT on/off and DBTW on/off. If more bits are to be repurposed, RAN1 needs to discuss this with RAN2 and/or RAN4.
Based on this analysis we outline some possible options (in order of priority):
Option 1
In this option, no bits are repurposed and the MIB is interpreted according to the Rel-15 definitions, i.e. as in licensed bands. Clearly this means that DBTW is not supported. Furthermore, to address the following FFS
· 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

it can be specified that for the 52.6 – 71 GHz band, the size of DCI 1_0 is defined to be the same for both operation with and without LBT (including licensed operation). Preferably to limit the number of combinations in 38.212, the size of DCI 1_0 can be aligned with the size for Rel-16 shared spectrum channel access, i.e. for the case of licensed operation. Following this approach two additional bits would be added for the licensed case.
Option 2
From a MIB point of view, this option is the same as Option 1, except that two different DCI 1_0 sizes are defined like for Rel-16. Thus, the UE would need to do two blind decodes when receiving Type0-PDCCH that schedules SIB1. Once the UE has read SIB1, the mode of operation is known (i.e., LBT on/off), and no additional blind decodes are needed when decoding DCI 1_0 with a CRC scrambled by an RNTI other than SI-RNTI.
Option 3
In this option subCarrierSpacingCommon is repurposed to signal LBT on/off. Once the UE has read MIB, it knows which size of DCI 1_0 to assume and thus no additional blind decodes are needed. As no more bits are available, DBTW is not supported.
Option 4
In this option subCarrierSpacingCommon is repurposed to signal two values of Q. As a consequence of this either the solution for DCI 1_0 in option 1 or 2 needs to be used. In addition, because RAN1 has agreed to support signaling of DBTW on/off, effectively only one value of Q remains. In our view, very low values of Q are not useful, because a large number of beams are needed to ensure coverage. Thus, for this option, we propose Q = {32,64}, where Q=64 means that DBTW is disabled.
Option 5
In this option it is assumed that in addition to subCarrierSpacingCommon one bit from ControlResourceSetZero can be repurposed. It should be noted that this decision cannot be taken in RAN1 until RAN4 has progressed on channelization and synchronization raster design. This option implies that no additional entries, e.g. to support a 96 PRB CORESET#0 or other SSB to CORESET#0 offset values can be added, which is risky given that the RAN4 design may require additional offsets. In this option one of the bits is used to signal LBT on/off (as in Option 3) and the other one is used to signal two values of Q = {32,64}, where 64 implies that no DBTW is configured.
Option 6
Similar to option 5, two bits are repurposed, but instead of signaling LBT on/off, both bits are used to signal Q. The proposed values of Q could in that case be Q = {8, 16, 32, 64}, where 64 implies that no DBTW is configured. As a consequence of this either the solution for DCI 1_0 in option 1 or 2 needs to be used.

	Option
	Number of repurposed bits
	DCI 1_0 size
	Number of Q values in MIB
	RAN4 Dependency

	1
	0
	Fixed size defined for both LBT on/off (unlicensed/licensed)
	0
	No

	2
	0
	Two different sizes are hypothesized
	0
	No

	3
	1
	Size indicated implicitly via LBT on/off signaling in MIB 
	0
	No

	4
	1
	Fixed / Hypothesized
	1
	No

	5
	2
	Size indicated implicitly via LBT on/off signaling in MIB
	1
	Yes

	6
	2
	Fixed / Hypothesized
	3
	Yes




In our view, the FFS on supporting a DBTW or not cannot be resolved without first addressing if and how additional candidate SSB positions are to be supported and how the signaling of DBTW on/off and Q should designed, thus we make the following proposal:
[bookmark: _Toc79137173]Before RAN1 can agree that DBTW is supported, the following two aspects need to be jointly decided:
a. [bookmark: _Toc79137174]If and how additional candidate SSB positions are to be supported, and 
b. [bookmark: _Toc79137175]How to signal the following: Q and DBTW on/off
Based on the analysis above our view is that supporting a DBTW for this frequency range is complicated and not well motivated. Further for the sake of simplicity and forward compatibility we propose to not repurpose any bits when operating in this frequency range. So, to summarize we make the following proposal:
[bookmark: _Toc79137176][bookmark: _Toc78908983][bookmark: _Toc78909048][bookmark: _Toc78911493][bookmark: _Toc78986808][bookmark: _Toc78986809][bookmark: _Toc78986810][bookmark: _Toc78986811][bookmark: _Toc78986812][bookmark: _Toc78986813][bookmark: _Toc78986814][bookmark: _Toc78986815][bookmark: _Toc78986816]Conclude that a DBTW is not supported for the 52.6 – 71 GHz band and that the size of DCI 1_0 is the same regardless of channel access mode (Option 1). LBT on/off is signaled in SIB1. 
3	RACH Related Aspects
3.1	PRACH Sequence Length
In RAN1#104-e, the following agreement was made: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


As agreed in RAN1#104bis-e (see  Section 2.1.3), 480/960 kHz SSB has been agreed for non-initial access use cases (e.g., on an SCell or PSCell), hence according to the above agreement 480/960 PRACH is thus supported at least for sequence length L = 139. This will allow single numerology operation on an SCell/PSCell for all DL and UL signals/channels.

The open issue is whether or not sequence length L = 571/1151 is supported for PRACH with SCS 480/960 kHz. While all sequence lengths L = 139/571/1151 are useful from a coverage perspective for 120 kHz PRACH, sequence lengths L = 571/1151 would lead to excessive PRACH bandwidth (e.g., 548 MHz/1.1 GHz especially for 960 kHz SCS). Such wide PRACH bandwidth is not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc79137162]While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) can lead to excessive PRACH bandwidth especially for 960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc79137177]For PRACH with 960 kHz SCS for non-initial access use cases, L = 139 is supported, and L = 571 and 1151 are not supported.
[bookmark: _Toc79137178]For 480 kHz SCS for both initial access and non-initial access use cases, L = 139 is supported, and L = 1151 is not supported. It can be further discussed whether or not L = 571 is supported.

3.2	PRACH Configuration
In RAN1#104bis-e, the following agreement was made:
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:
[image: ]
· 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)



PRACH SCSs 480/960 kHz lead to PRACH occasions that are 4 or 8 times shorter than for 120 kHz, in theory allowing PRACH occasions to be 4 or 8 times more densely spaced in time. Such dense spacing would, however, increase the PRACH processing load (operations/unit time) by the corresponding factor. In order to avoid this, it is important to support PRACH configurations for 480/960 kHz SCS that allow maintaining the same PRACH processing load as for 120 kHz PRACH configurations. Furthermore, since there are fundamentally not more accesses to the system when operating at 480/960 kHz, there is no need to additionally support PRACH configurations with more time-domain occasions.

[bookmark: _Ref61755811][bookmark: _Toc79137179]For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.
The design of the PRACH configuration tables for FR1/FR2 in Rel-15 was a tedious process, and it would be preferable to avoid this when defining the band above 52.6 GHz. It would therefore be beneficial to reuse the existing Rel-15/16 FR2 PRACH configuration table (Table 6.3.3.2-4 in 3GPP TS 38.211 [4]) also for higher SCSs. In the following we discuss how this may be achieved when introducing SCS larger than 120 kHz for PRACH.

A small excerpt from the 38.211 table is shown in Table 8 for the example of the A3 preamble format.

[bookmark: _Ref68176963]Table 8: Excerpt of PRACH configuration table for FR2 (from 3GPP TS 38.211 [4], Table 6.3.3.2-4)
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	68
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	69
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	70
	A3
	1
	0
	19,39
	7
	1
	1
	6

	71
	A3
	1
	0
	3,5,7
	0
	1
	2
	6




The design of the FR2 PRACH configuration table is intimately linked to the ratio between the durations of a system frame and a reference 60 kHz slot. Specifically, the “Slot number” column refers to 60 kHz reference slots, and since there are forty 60 kHz slots in a system frame, the listed slot numbers range up to at most 39. If a larger SCS was defined for the reference slots instead, these slot ranges would no longer be appropriate, because they would not span a system frame, thus requiring changes to the table to avoid incurring undesirable additional latency. Therefore, in order to directly reuse the FR2 PRACH configuration table, the reference slot SCS should remain as 60 kHz for supporting PRACH with 480/960 kHz SCS. Note: this does not imply that 60 kHz PRACH is supported for operation above 52.6 GHz; the 60 kHz is only a reference SCS for defining the location of PRACH slots. In the following discussion we demonstrate how this may be done while maintaining configuration flexibility and avoiding increases in latency.

In FR2, the number of PRACH slots (60/120 kHz SCS) within a 60 kHz reference slot is always 1 or 2, as reflected in the table column “Number of PRACH slots within a 60 kHz slot”. As discussed above, in order not to increase the PRACH processing load beyond the load with 120 kHz SCS PRACH, there should still be a maximum of 2 slots used for 480/960 kHz PRACH within any 60 kHz reference slot. For Rel-15/16 FR2, which 1 or 2 slots within a 60 kHz reference slot to use for PRACH is derived from the configured PRACH SCS and the value in the table column “Number of PRACH slots within a 60 kHz slot”. According to Section 5.3.2 of 3GPP TS 38.211 [4], the PRACH slot index [image: ] within a 60 kHz slot is obtained as follows:
-	if [image: ], then [image: ]
-	if [image: ] and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then [image: ]
-	otherwise, [image: ]
Thus, for 120 kHz PRACH, if only 1 PRACH slot is indicated, then only the 2nd of the two PRACH slots within the reference 60 kHz slot is used; otherwise both are used.

For 480/960 kHz, corresponding rules for which 1 or 2 slots to use for PRACH must be specified. Possible rules for which 480/960 kHz slots to use when “Number of PRACH slots within a 60 kHz slot” equals 1 are illustrated in Figure 2 (exemplified for PRACH configuration 71 in Table 8). When “Number of PRACH slots within a 60 kHz slot” equals 2, a key design aspect is to ensure that the PRACH slots are sufficiently spread in time to avoid peaks in processing load. Possible rules fulfilling this requirement are illustrated in Figure 3. The example rules illustrated in Figure 2 and Figure 3 can be included in 38.211 by adding the following to the above bullets:

-	if   then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.
-	if  then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.

[image: ]
[bookmark: _Ref68177145]Figure 2 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]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 2.

The location of PRACH occasions within a 60 kHz reference slot is then determined in Section 5.3.2 of 38.211 as follows:
,
where  is the starting OFDM symbol (in the PRACH SCS) of a PRACH occasion within the reference 60 kHz slot, [image: ] is given by the column "Starting symbol" in the PRACH configuration table, [image: ] is the PRACH occasion duration in number of OFDM symbols and is given by the column “[image: ], PRACH duration”,  is the PRACH occasion index within the slot and ranges from 0 up to one less than the value in the column “,number of time-domain PRACH occasions within a PRACH slot”, and  is the PRACH slot index within the 60 kHz reference slot as discussed above. In order to support 480/960 kHz SCS, there is no need to make any changes to this equation or these table columns.
In summary, all columns in the current RACH configuration table for FR2 can be used "as is," for supporting 480/960 kHz PRACH. The only thing that needs to be changed is to add a rule, as described above, for defining which 1 or 2 480/960 kHz slots within a reference 60 kHz slot are used. This is consistent with Option 1 and Alt 1 without the FFS. Regarding the FFS in Alt-1, we see no need to support higher PRACH slot density (number of PRACH slots per reference slot) because, as discussed above, one would want to avoid larger processing load and there are fundamentally not more accesses to the system when operating at 480/960 kHz. We note that Option 2 would seem to have larger specification impact without any clear benefits and thus should not be supported. 

[bookmark: _Toc79137163]The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).

[bookmark: _Toc79137180]For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.

[bookmark: _Toc79137181]Support Option 1 and Alt 1. Regarding the FFS for Alt-1, do not support higher PRACH slot density (number of PRACH slots per reference slot).

3.3	RA-RNTI
With the proposed 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: _Toc79137164]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: _Toc79137182]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.

Given that the RA-RNTI design is heavily dependent on the PRACH configuration design (and for some PRACH designs can even remain essentially unchanged from Rel-15/16 as shown above), it will be most efficient to postpone further discussions of RA-RNTI until the PRACH configuration design is settled.

[bookmark: _Toc79137183]Postpone further discussions of RA-RNTI design until the PRACH configuration design is settled.

3.4	Gaps between consecutive RACH occasions
For NR-U in the 5/6 GHz band, it was discussed whether or not to introduce gaps between consecutive PRACH occasions within a PRACH slot. In the end, it was decided not to introduce such gaps, as this was viewed as an optimization. In the 52.6 – 71 GHz band, the need for such gaps is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [5]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference. 
In addition, recent updates to draft EN 302 567 v2.2.0 include a clause for Short Control Signaling. Based on this we propose in [8] that PRACH is classified as Short control signaling consistent with EN 302 567 v2.2.0. With such classification, it is not necessary to optimize the PRACH design by introducing gaps between consecutive PRACH occasions within a PRACH slot since in almost all scenarios, LBT will not be required prior to PRACH transmission. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT).

[bookmark: _Toc79137165]It is not necessary to optimize PRACH design to allow for LBT gaps between consecutive PRACH occasions within a PRACH slot, especially since PRACH can be classified as short control signaling transmissions consistent with EN 302 567 (see [8]).
It has also been proposed that gaps are needed in order to allow time for UE transmitter beam switching for higher subcarrier spacings (480/960 kHz). However, since the UE is only allowed to send at most one PRACH preamble before the end of the RAR window, the UE will never need to send PRACH in two back-to-back PRACH occasions in the same slot, and hence there is no need to introduce gaps for beam switching between PRACH occasions.

[bookmark: _Toc79137166]UE beam switching gaps between consecutive PRACH occasions within a PRACH slot are not needed, since the UE is allowed to send only one PRACH preamble before the end of the RAR window, and will hence not need to transmit in back-to-back PRACH occasions in a slot.

4	RSSI and CO Measurement
RSSI and Channel Occupancy (CO) measurement was introduced in Rel-16 for NR-U. RSSI and channel occupancy measurements are performed within RMTC which is configured for the UE via RRC, measured as the linear average of the total received observed per configured duration and channel bandwidth. Higher layers configure the center frequency (ARFCN-valueNR), the reference numerology and the measurement duration, i.e., which OFDM symbol(s) should be measured by the UE. The  measurement channel bandwidth is specified in TS 37.213. The ASN.1 code below shows the RSSI and CO measurement configuration defined in TS 38.331 (V16.4.1).
RMTC-Config-r16 ::=                 SEQUENCE {
    rmtc-Periodicity-r16                ENUMERATED {ms40, ms80, ms160, ms320, ms640},
    rmtc-SubframeOffset-r16             INTEGER(0..639)                                                 OPTIONAL,   -- Need M
    measDurationSymbols-r16             ENUMERATED {sym1, sym14or12, sym28or24, sym42or36, sym70or60},
    rmtc-Frequency-r16                  ARFCN-ValueNR,
    ref-SCS-CP-r16                      ENUMERATED {kHz15, kHz30, kHz60-NCP, kHz60-ECP},
    ...
}

It is observed that the current RSSI and CO measurement doesn’t support the SCSs for FR2 (i.e., 120 and 240 kHz) and the extended SCSs for NR beyond 52.6 GHz (i.e., 480 and 960 kHz). To support RSSI and CO measurement in the spectrum beyond 52.6 GHz, the reference SCS and CP field in RMTC-Config needs to be extended with 120, 480 and 960 kHz SCSs
Furthermore, the UE configured with RSSI and CO measurement needs to know the channel bandwidth in which the RSSI measurement should be performed. For NR unlicensed operation in 5/6 GHz, a unique channel bandwidth for RSSI measurement is specified by TS 37.213 as a contiguous set of resource blocks (RBs) on which a channel access procedure is performed, which is determined by the relevant regional regulation. Hence explicit bandwidth configuration is not needed. However, for NR unlicensed operation in the spectrum beyond 52.6 GHz, regulatory definition of channel access bandwidth doesn’t exist. Therefore, a new field needs to be introduced to RMTC-Config to indicate the channel bandwidth.
Enhancement details of the RRC configuration for RSSI and CO measurement should be left to RAN2.

[bookmark: _Toc79137167]The current RSSI and CO measurement in Rel-16 doesn’t work for NR unlicensed operation in the spectrum beyond 52.6 GHz.
[bookmark: _Toc79137184]The current RSSI and CO measurement in Rel-16 should be enhanced to support NR unlicensed operation in the spectrum beyond 52.6 GHz in Rel-17. The enhancement at least includes extension of reference SCS and indication of channel bandwidth. The enhancement details of the RRC configuration for RSSI and CO measurement should be decided by RAN2.

Conclusion
In the previous sections we made the following observations: 
Observation 1	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	Since initial access coverage is limited by SIB1 PDSCH reception, there is no coverage gain of introducing support for 96 RB CORESET#0 to increase the coverage of PDCCH.
Observation 3	For initial access with 120 kHz SCS, if RAN4 decides on sync raster granularity 2*17.28 = 34.56 MHz, at least one new SSB-CORESET#0 offset value is needed on top of the existing configuration options in Table 13-8 in 38.213. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
Observation 4	For initial access with 480 kHz SCS, if RAN4 decides on sync raster granularity of 8*17.28 = 138.24 MHz, the existing Table 13-8 in 38.213 can be used if at least one new SSB-CORESET#0 offset value is added on top of the existing configuration options. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
Observation 5	The offset values that need to be added for operation with 120 kHz SCS are applicable also for 480 kHz SCS operation, hence the same table can be used for 120 kHz and 480 kHz operation.
Observation 6	The entries of existing Table 13-8 in 38.213 are useful also for the case of 960 kHz SCS operation.
Observation 7	Table 13-12 is applicable for any subcarrier spacing in the FR2 frequency range when using SSB/CORESET#0 multiplexing pattern 1.
Observation 8	It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a DBTW, especially since SS/PBCH blocks most of the time can be classified as short control signaling transmissions consistent with EN 302 567.
Observation 9	Introducing a DBTW for 480/960 kHz SSB SCS is even less motivated than for 120 kHz SSB SCS.
Observation 10	If the DBTW-related parameters are signaled in MIB by repurposing unused bits, the bits must be unused for both unlicensed operation and licensed operation (LBT exempt) in order for the UE to correctly interpret the MIB.
Observation 11	While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) can lead to excessive PRACH bandwidth especially for 960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.
Observation 12	The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).
Observation 13	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.
Observation 14	It is not necessary to optimize PRACH design to allow for LBT gaps between consecutive PRACH occasions within a PRACH slot, especially since PRACH can be classified as short control signaling transmissions consistent with EN 302 567 (see [8]).
Observation 15	UE beam switching gaps between consecutive PRACH occasions within a PRACH slot are not needed, since the UE is allowed to send only one PRACH preamble before the end of the RAR window, and will hence not need to transmit in back-to-back PRACH occasions in a slot.
Observation 16	The current RSSI and CO measurement in Rel-16 doesn’t work for NR unlicensed operation in the spectrum beyond 52.6 GHz.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 should strive to design a common CORESET0 configuration table for use for all 3 supported SCS combinations (120,120), (480,480), and (960, 960).
Proposal 2	Reuse existing Table 13-12 in 38.213 for operation with 480 and 960 kHz SCS. For subcarrier spacings 480 and 960 kHz. Use  and , respectively, instead of  when determining the PDCCH monitoring occasions using offset values from the table.
Proposal 3	For SS/PBCH block with 120 kHz SCS, support Case D pattern as defined in Rel-15. No new values of n are supported.
Proposal 4	Pending confirmation from RAN4 on 59 ns beam switching times, support the FR2 Case D pattern (ALT 2) for time domain pattern for SSB transmissions with 480 kHz and 960 kHz SCS.
Proposal 5	Conclude that no additional (compared to the already supported 64) candidate SS/PBCH block positions are introduced.
Proposal 6	Before RAN1 can agree that DBTW is supported, the following two aspects need to be jointly decided:
a.	If and how additional candidate SSB positions are to be supported, and
b.	How to signal the following: Q and DBTW on/off
Proposal 7	Conclude that a DBTW is not supported for the 52.6 – 71 GHz band and that the size of DCI 1_0 is the same regardless of channel access mode (Option 1). LBT on/off is signaled in SIB1.
Proposal 8	For PRACH with 960 kHz SCS for non-initial access use cases, L = 139 is supported, and L = 571 and 1151 are not supported.
Proposal 9	For 480 kHz SCS for both initial access and non-initial access use cases, L = 139 is supported, and L = 1151 is not supported. It can be further discussed whether or not L = 571 is supported.
Proposal 10	For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.
Proposal 11	For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.
Proposal 12	Support Option 1 and Alt 1. Regarding the FFS for Alt-1, do not support higher PRACH slot density (number of PRACH slots per reference slot).
Proposal 13	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.
Proposal 14	Postpone further discussions of RA-RNTI design until the PRACH configuration design is settled.
Proposal 15	The current RSSI and CO measurement in Rel-16 should be enhanced to support NR unlicensed operation in the spectrum beyond 52.6 GHz in Rel-17. The enhancement at least includes extension of reference SCS and indication of channel bandwidth. The enhancement details of the RRC configuration for RSSI and CO measurement should be decided by RAN2.
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n

  as 

 

 

  , frame

slot 0

mod 2 N M i O n

   

  that is   in a  frame with system frame number (SFN) 

C

SFN

  satisfying 

0 2 mod SFN

C



  if 

 

 

 

0 2 mod 2

, frame

slot

   

 

N M i O

,   or  in a frame with SFN satisfying 

1 2 mod SFN

C



  if 

 

 

 

1 2 mod 2

, frame

slot

   

 

N M i O

. 

M

  and 

O

  ar e provided by  Tables 1 3 - 11   and  1 3 - 1 2, and 

 

1,2,3   0,

 

  based  on the  SCS   for PDCCH receptions in the  CORESET   [4, TS 38.211].   The index for the first symbol of the  CORESET   in slot s  

0

n

  and 

1

0



n

  is the first symbol index provided by  Tables  1 3 - 11   and  1 3 - 1 2 .  
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