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 Introduction
In the RAN1 #105 e-meeting, the following agreements related to initial access were further reached [1]. In this contribution, we give our views on initial access aspects for NR between 52.6 GHz ~ 71 GHz, including SSB, Type0-PDCCH, PRACH, etc.

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

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

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

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 signalling design and how to handle implications to DCI 1_0 size ambiguity if is not distinguished in signalling
· 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) signalling 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 signalling of DBTW by MIB or GSCN does not preclude other signalling methods

Agreement:
If DBTW is supported,
· Working assumption: MIB signalling 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 signalling
· 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

 Discussion on initial access aspects
2.1 SS/PBCH block and other initial access signals/channels
2.1.1 SSB pattern design
In addition to 120 kHz SCS that is supported in both initial and non-initial access cases, RAN1 in RAN1#104bis e-meeting has agreed to support 480 kHz and 960 kHz SCS for the SSB 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. After several rounds of discussion, RAN in RAN#92 e-meeting has finally agreed to support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with some constraints. It can be said that the SCSs of SSB are finally determined. However, the design of SSB pattern with each SCS has not been completed.
· For SSB with 120 kHz SCS
For SSB pattern with 120 kHz SCS, it can reuse the pattern in Case D: 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. If DBTW is enabled, the additional n values can be equal to 4, 9, 14, 19 to define 16 additional candidate SSB positions to increase the transmission opportunities of the SSB in unlicensed spectrum.
· For SSB with 480/960 SCS
For 480kHz/960kHz SSB, the following alternatives can be considered:
· 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
· X=2, Y=8
· If DBTW is not supported or DBTW is disabled.
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots, with 2  slots spacing between every 8 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27, 30, 31, 32, 33, 34, 35, 36, 37
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots, with 4  slots spacing between every 16 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35
· If DBTW is supported and it is enabled.
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame
· 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
· If DBTW is not supported or DBTW is disabled
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 2 slots spacing between every 4 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 4 slots spacing between every 8 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17
· If DBTW is supported and it is enabled
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame

· Beam switching for SSB with larger SCSs 480/960 kHz
Rel-17 NR operation in 52.6 GHz to 71 GHz has agreed that supporting new SCSs 480 kHz and 960 kHz for data and control channels and reference signals. Table 2.1.1-1 shows the lengths of CP with SCSs = 120/480/960 kHz respectively. As shown in Table 2.1.1-1, we can see at least for SCS = 120 kHz, NCP lengths can cover delay spread, time errors as well as beam switching time. However, for SCSs = 480/960 kHz, larger SCSs reduces the budget for timing errors and beam switching, and thus it is difficult to ensure that beam switching can be done within the lengths of NCP, if beam switching needs a long time.
Table 2.1.1-1: the lengths of CP with different SCSs
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)

	3
	120
	125
	8333 ns
	586 ns
	1107 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns


In the reply LS R1-2106425 from RAN4 to RAN1, for gNB beam switch time (beam direction switch only), RAN4 tentatively agrees [59 ns] with the understanding that the value can be confirmed once open issues related to BS output power are resolved. But for UE beam switch time (beam direction switch only), RAN4 has not decided yet and  will further study. 
Considering the above reply and other influencing factors such as delay spread and time errors, we think that the impacts of beam switching time should be considered when designing SSB pattern. In the following, we provide some options for supporting beam switching for SSB with new SCS 480 kHz and 960 kHz, if the CPs cannot support beam switching and other functions simultaneously.
Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain.
There are several ways to design any two candidate SSBs in a half-frame are discontinuous in the time domain. 
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots in a half-frame defined in Rel-15 NR, as shown in Figure 2.1.2-1. In Case A and Case C, there are at least two-symbol intervals between any two candidate SSBs. 


Figure 2.1.2-1: SSB patterns in Case A, Case B and Case C
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs. One possible way is that only defining one candidate SSB per slot, and placing blank symbols before and after the candidate SSB. Another way is to shift one of the two continuous SSBs in Case B/D forward or backward by one or more symbols.
Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption. For example, two (e.g. in Case A/B/C/D) or four (e.g. in Case E) adjacent candidate SSBs have a same SSB index or QCL assumption. The gNB transmit one or more of these candidate SSBs with a same SSB index or QCL assumption.
Proposal 1: For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz: 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, 
· if DBTW is not supported or disabled,  𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18
· if DBTW is enabled, the additional n values can be equal to 4, 9, 14, 19 to define 16 additional candidate SSB positions 
Proposal 2: For 480kHz/960kHz SSB, the following alternatives can be considered:
· 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
· X=2, Y=8
· if DBTW is not supported or DBTW is disabled
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots, with 2  slots spacing between every 8 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27, 30, 31, 32, 33, 34, 35, 36, 37
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots, with 4  slots spacing between every 16 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35
· if DBTW is supported and it is enabled
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame
· 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
· if DBTW is not supported or DBTW is disabled
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 2 slots spacing between every 4 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 4 slots spacing between every 8 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17
· if DBTW is supported and it is enabled
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame
Proposal 3: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz if the CP cannot cover beam switching and other functions simultaneously.
· Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots defined in Rel-15 NR
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs, e.g. only defining one candidate SSB per slot, or shift the existing SSB by one or more symbols
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
2.1.2 DRS/SSB transmission in discovery burst window(s)
For operation with shared spectrum channel access of NR 52.6~71 GHz, RAN1 in RAN1 #104bis has agreed to support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0. The Rel-16 discovery burst includes at least an SSB and may also include RMSI-CORESET, RMSI-PDSCH and/or NZP CSI-RS. In order to increase the transmission opportunities of discovery burst, it is also necessary to support configuring a discovery burst transmission window (DBTW).
RAN1 in RAN1 #104 e-meeting has agreed that SSB transmission with LBT is supported at least when the conditions for contention exempt short control signaling based SSB transmission is not met. Therefore, supporting DBTW is not only the requirement of 120 kHz SSB SCS, but also the requirement of other SSB SCSs if they are agreed to be supported.
Proposal 4: Discovery burst transmission window (DBTW) should be supported for 120 kHz SSB SCS and other SSB SCSs.
RAN1 has also agreed that PBCH payload size and the number of PBCH DMRS sequences is no greater than or the same as for FR2, if DBTW is supported. In order to reduce the impact of standardization caused by indicating candidate SSB indices, the number of candidate SSB defined in the half-frame can be limited to 128 or kept unchanged (maintain 64) for 480/960 kHz SSB SCS. New candidate SSB indices and QCL relation can be indicated via MIB (and/or SIB1), but whether it is feasible depends on the design of other aspects, e.g. SCS combinations of SSB and CORESET#0, subcarrier level offset.  The total number of values of  In order to reduce the number of bits indicating  value, four candidate values for  are preferred, such as {8,16,32,64}.
Proposal 5: In order to reduce the impact of standardization caused by indicating candidate SSB indices, the maximum number of candidate SSB defined in the half-frame can be kept unchanged (maintain 64) or limited to 128 for 480/960 kHz SSB SCS.
Proposal 6: Four candidate values {8,16,32,64} for  are preferred.
For LBT exempt operation and overlapping licensed/unlicensed bands, we can eliminate the effects of DBTW through configuration implementation. Enable/disable of DBTW can be indicated 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. For example, for 120 kHz SSB SCS, the gNB can indicate that the maximum number of beams  = 64 and the length of DBTW = 5 ms if LBT exempt operation for SSB is allowed. 
Proposal 7: For 120 kHz SSB, enable/disable of DBTW can be indicated by comparing the value of   in MIB and DBTW length, and explicit signaling is not needed for this purpose. 
2.1.3 Multiplexing of SSB and Type0-PDCCH
The association of SSB, Type0-PDCCH and RMSI should be studied for better initial access. Rel-15 FR2 supports SSB with SCS 120/240 kHz and Type0-PDCCH with SCS 60/120 kHz. The multiplexing of SSB and Type0-PDCCH includes three types of patterns: Pattern 1 (TDM), Pattern 2 (FDM with different SCSs) and Pattern 3 (FDM with same SCS), as shown in Figure 2.1.3-1. The frequency range of CORESET#0 of Pattern 1 needs to contain SSB. O can be taken as {0, 2.5, 5, 7.5}, which means that the SFN boundary can be offset by SSB with 0, 2.5, 5 or 7.5 ms. The CORESET#0 and SSB of Pattern 2 and 3 are FDMed in frequency domain, and the detection position of Type0-PDCCH is always located in the same slot or previous slot of the associated SSB.
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Figure 2.1.3-1: The multiplexing patterns of SSB and CORESET#0
There are three supported SCS pairs for multiplexing between SSB and Type0-PDCCH suggested to be considered as follows. In RAN1#104 e-meeting, RAN1 has already agreed that below three supported SCS pairs for multiplexing between SSB and Type0-PDCCH can be supported if 480/960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported. RAN#92 e-meeting has decided to support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960 kHz SCS SSB, and only support 1  CORESET#0/Type0-PDCCH SCS for each SSB SCS as below.
· The multiplexing pattern of (SSB, CORESET#0) with SCS (120 kHz, 120 kHz) 
· The multiplexing pattern of (SSB, CORESET#0) with SCS (480 kHz, 480 kHz) 
· The multiplexing pattern of (SSB, CORESET#0) with SCS (960 kHz, 960 kHz) 
If the SCS of SSB and CORESET#0 in each SCS pair is always the same, above Pattern 1 and Pattern 3 can be used for multiplexing between SSB and CORESET#0. Figure 2.1.4-2 and Figure 2.1.4-3 give some examples of Pattern 3 with above three SCS pairs.
If the SSB pattern with 480/960 kHz reuses the SSB pattern of Case D, as shown in Figure 2.1.4-2, the first symbol index(s) of the corresponding CORESET(s) of the SSB i ([image: ], [image: ], [image: ], [image: ]) can be 4, 8, 2, 6, respectively. [image: ] and [image: ]. Wherein [image: ] and [image: ] are the SFN and slot index within a frame of the CORESET based on SCS of the CORESET and [image: ] and [image: ] are the SFN and slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index [image: ] overlaps in time with system frame [image: ] and slot [image: ].
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Figure 2.1.4-2: Pattern 3 for multiplexing between SSB and CORESET#0 if SSB pattern reuses Case D
If the SSB pattern with 480/960 kHz reuses the SSB pattern of Case E, as shown in Figure 2.1.4-3, the first symbol index(s) of the corresponding CORESET(s) of the SSB i (SSB i, [image: ], [image: ], [image: ], [image: ], [image: ], [image: ][image: ], [image: ]) can be 8, 12, 2, 6, 8, 12, 2, 6, respectively. [image: ] and [image: ]. 
[image: ]
Figure 2.1.4-3: Pattern 3 for multiplexing between SSB and CORESET#0 if SSB pattern reuses Case E
Proposal 8: The multiplexing pattern 1 and 3 for three approved SCS combinations of SSB and Type0-PDCCH can be considered for Rel-17 NR above 52.6 GHz. 
· (SSB, Type0-PDCCH): SCS (120 kHz, 120 kHz)
· (SSB, Type0-PDCCH): SCS (480 kHz, 480 kHz) 
· (SSB, Type0-PDCCH): SCS (960 kHz, 960 kHz) 
For {SSB, CORESET#0 for Type0-PDCCH} SCS equals to {120, 120} kHz, in RAN1 #104 e-meeting it has been agreed to 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. As RAN4 has agreed in the reply LS to RAN1 that the minimum CBW for 120 kHz SCS is 100 MHz, some companies thought it is not necessary to support 24 PRBs CORESET#0 for both multiplexing pattern 1 and 3 no longer. However, we don’t think the motivation is enough. For example, in Table 13-6 of Clause 13 in TS 38.213, Rel-15 NR supports 24 PRBs CORESET#0 with 30 kHz SCS for multiplexing pattern 1 while minimum CBW is 40 MHz. For multiplexing pattern 3, the CBW of SSB and CORESET#0 with 24 PRBs could be larger than that of multiplexing pattern 1. Therefore, it is not necessary to exclude 24 PRBs CORESEET#0 in both multiplexing pattern 1 and pattern 3.
Proposal 9: For {SSB, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz, even though RAN4 has agreed the minimum CBW is increased to 100 MHz, 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 should still be supported.
2.2 PRACH
2.2.1 Subcarrier spacing
According to the PRACH related aspects in [2], 120 kHz is already supported for PRACH in initial and/or non-initial use cases. Further study whether to support additional SCS (480 kHz and/or 960 kHz) for PRACH in initial and/or non-initial use cases. 
In SI phase, several companies support the opinion that single subcarrier spacing operation may provide benefit on implementation complexity, additional SCSs should be considered for the enablement of single subcarrier spacing operation. As the agreement in [2] shows that it should be first determined the SCS of SSB and whether single SCS operation is supported or not before introducing additional SCSs for PRACH. In the last RAN Plenary meeting, the 480 kHz SSB has been agreed to supported for initial access, but the 960kHz SSB is not supported for initial access in Rel-17. For non-initial use case, no related agreement has been reached.
For both initial access and/or non-initial case, the format is configurable, so the configuration of different PRACH format to meet the PRACH requirements of the cell radius. As shown in Table 2.3.1-1, the maximum cell radius can be 312m for 480 kHz.
Table 2.3.1-1: the maximum cell radius for different PRACH SCS
	PRACH SCS
	Format
	Maximum Cell radius(meter)

	480 KHz/960KHz
	A1
	44/22

	480 KHz/960KHz
	A2
	88/44

	480 KHz/960KHz
	A3
	132/66

	480 KHz/960KHz
	B1(A1/B1)
	10/5

	480 KHz/960KHz
	A2/B2
	32/16

	480 KHz/960KHz
	A2/B2
	57/27

	480 KHz/960KHz
	B4
	120/60

	480 KHz/960KHz
	C0
	167/83

	480 KHz/960KHz
	C2
	312 /156

	Note: Path profile is not considered.



Proposal 10: Support PRACH with additional SCSs (480 kHz and/or 960 kHz) for both initial and non-initial access cases.
2.2.2 RO configuration
In RAN1#104b-e meeting, RO configuration, including RO density, RO period and RO pattern, was the main issue in PRACH discussion when the PRACH SCS equals 960KHz or 480KHz. Besides, RO configuration is related to RA-RNTI calculation, so it should be prioritized.
PRACH with SCSs 480/960kHz leads to much shorter PRACH occasions compared with 120kHz, but the initial access opportunities required by the UEs do not change. That means, in above 52.6HGz, we should keep the initial access opportunities the same for different SCSs, otherwise it may result in better capability for optional SCS such as 480kHz and 960kHz, which is not fair to mandatory SCS 120kHz. 
On the other hand, PRACH SCS 480/960kHz is targeted to small cell, the PRACH format with short time duration is enough for operation in above 52.6GHz, there is no need to support long duration format (e.g.Format C) with higher density compared to PRACH SCS 120KHz.
With above analysis, it is sufficient to support PRACH configurations for 480/960kHz SCS with the same PRACH occasion number as for 120kHz PRACH configurations in FR2, as shown in Figure 2.2.2-1and  Figure 2.2.2-2.


 Figure 2.2.2-1 Illustration of PRACH slots within a 60kHz slot to use for different PRACH SCS when “Number of PRACH slots within a 60kHz slot” equals to 2.


 Figure 2.2.2-2 Illustration of PRACH slots within a 60kHz slot to use for different PRACH SCS when “Number of PRACH slots within a 60kHz slot” equals to 1.
The design of the PRACH configuration tables for FR1/FR2 in Rel-15/16 requires large effort, so it is better to avoid such spec effort in beyond 52.6GHz. It is preferable to reuse the PRACH configuration table (Table 6.3.3.2-4 in TS 38.211) for FR2 in Rel-15/16.
As discussed above, ‘Number of PRACH slots within a 60kHz slot’ for SCS 480kHz/960kHz may equal to 1 or 2 if RO density keeps the same as that for 120kHz in FR2, so the table (Table 6.3.3.2-4 in TS 38.211) can be reused for high PRACH SCSs as shown in Table 2.2.2-1. The only modification is an additional description on the indication of slot position for 480kHz/960kHz.
[bookmark: _Ref68176963]Table 2.2.2-1 Excerpt of PRACH configuration table for FR2 (from TS 38.211, Table 6.3.3.2-4)
	PRACH
Config. 
Index
	Preamble format
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	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
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number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	7
	A1
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	8
	A1
	2
	1
	7,15,23,31,39
	0
	2
	6
	2

	9
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	10
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	11
	A1
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2



In FR2, PRACH SCS 60 kHz and 120 kHz is supported, and the number of PRACH slot is a 60 kHz reference slot is 1 or 2, which is reflected in PRACH configuration table (from TS 38.211, Table 6.3.3.2-4) and the value of [image: ] is 0 or 1 which is related to the first and second PRACH slot correspondingly in 5.3.2 of TS 38.211.
-	if  kHz 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: ]
The additional description on the indication of slot position for 480 kHz/960 kHz in section of 5.3.2 of TS 38.211, as follows:
The illustration in Figure 2.2.2-1  and Figure 2.2.2-2 can be included in section 5.3.2 of TS 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.
Proposal 11: For 480kHz and 960kHz, reuse the same RO configuration table as in Rel-15/16 with the same RO density for 120kHz PRACH. 
Proposal 12: Support 60kHz for reference slot as in FR2 with the less spec effort in beyond 52.6GHz.

2.2.3 RA-RNTI 
The RA-RNTI associated with the PRACH occasion in which the preamble is transmitted, is computed as: 
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
· 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)
· ul_carrier_id is the UL carrier used for preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
The calculation above uses t_id < 80 which assumes a system frame and a maximum SCS of 120 kHz (80 slots in a frame). For higher SCSs (480 and/or 960 kHz), the number of slots in a frame is larger than 80 (320 slots for SCS = 480 kHz and 640 slots for SCS = 960 kHz). Hence, keeping the equation unchanged (with t_id ≥ 80 slots) will make the value of RA-RNTI exceed the range (0, 65535). 
In addition, in NR Rel-16, MsgB RAR window and NR-U RAR window were extended to 40 ms by including the 2-bit LSB of the SFN corresponding to the PRACH occasion which is used to transmit the preamble of MsgA and Msg1.
As discussed in last meeting, there were eight solutions to resolve this issue [1] that fall into three categories. In this paper, we will analyze the options for RA-RNTI enhancement.
· Plain Modulus Category
· Option 1)
· 
· PRACH Sub-segmentation Method Category
· Option 2)
· 
· The same PRACH slot location in each 120kHz slot duration
· Option 3)
· Segment the PRACH into N segments
· 
·  is the index of the PRACH slot that contains the PRACH occasion in a segment.
· In DCI: RA-indication = Segment index
· Option 4)
· Segment the PRACH into N segments
· 
· In DCI: 
· Option 5)
· Segment the PRACH into N segments
· 
· In DCI: 
· Option 6)
· 
· In DCI: 
· Compressing some indices Category (may require a matching RO configuration to work properly)
· Option 7)
· 
·  is the index of the first 120kHz slot that contains the PRACH occasion in a system frame.
·  is the index of the first OFDM symbol of the PRACH occasion based on the value of  specified in clause 5.3.2 of TS 38.211.
· Option 8)
· RA-RNTI = 1 + s_id + 14 × floor(t_id / ) + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
· t_id is based on the value of  specified in clause 5.3.2 of TS 38.211.
Option 1 may need contention solution and change the equation of RA-RNTI calculation. 
Option2, Option7 and Option8 may need to compress some PRACH slot indices, which may require a matching RO configuration to work properly, in other word, these options are suit for low RO density case without increasing the signaling overhead. Option 2 may need to be revised as: Non-overlapping PRACH slot location in each segment(80 slots). That means, (t_id mod 80) can refer to the unique PRACH slot, if the RO density is kept the same as 120kHz, one of the special case is that all of the PRACH slots are located in one of the segment. Option 2 doesn’t need additional signalling.
Option 3 can reuse the same RA-RNTI formula in NR Rel-15/16, divide the system frame into N segments (each segment is 80 slots using the used SCS), and signal the segment index that transmit the preamble in the DCI. For example, for 960 kHz PRACH SCS, there would be 640 slots in a system frame. Then it can be divided into 8 segments, each segment including 80 slots. Therefore, a 3 bits indication can be included in the DCI to indicate in which segment the PRACH transmits. Similarly, for SCS 480 kHz, 2 bits (corresponding to 4 segments) is needed in the DCI.
For Option 4, 5, 6, they are suitable for any RO density, but the RA-RNTI equation needs to be updated, and the signaling overhead is depending on the number of the segments. 
Form requirement aspect, the same RO density as the 120kHz in Rel-15/16 is sufficient for above 52.6GHz, and thus Option 2, Option 7 or Option 8 are suitable, while Option 2 or 7 is preferable over option 8 due to lower complexity. From the spec impact aspect, option3 is much simpler and the similar principle has been adopted for the extended RAR window for NR-U or MsgB in Rel-16. Therefore, we prefer to make further down-selection among Option 2, Option 3 and Option7.
Proposal 13: For higher PRACH SCS (480 and/or 960 kHz), consider the following options for further down-selection of RA-RNTI enhancements:
· Option 2)
· Segment the PRACH into N segments
· 
· Non-overlapping PRACH slot location in each segment(80 slots)
· Option 3)
· Segment the PRACH into N segments
· 
·  is the index of the PRACH slot that contains the PRACH occasion in a segment.
· In DCI: RA-indication = Segment index
· Option 7)
· 
·  is the index of the first 120kHz slot that contains the PRACH occasion in a system frame.
·  is the index of the first OFDM symbol of the PRACH occasion based on the value of  specified in clause 5.3.2 of TS 38.211.

 Conclusion
In this contribution, we discuss initial access aspects in NR above 52.6 GHz band operation and have the following observations and proposals.
Proposal 1: For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz: 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, 
· if DBTW is not supported or disabled,  𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18
· if DBTW is enabled, the additional n values can be equal to 4, 9, 14, 19 to define 16 additional candidate SSB positions 
Proposal 2: For 480kHz/960kHz SSB, the following alternatives can be considered:
· 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
· X=2, Y=8
· if DBTW is not supported or DBTW is disabled
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots, with 2  slots spacing between every 8 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27, 30, 31, 32, 33, 34, 35, 36, 37
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots, with 4  slots spacing between every 16 consecutive slots to avoid prolonged occupation, i.e. n=0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35
· if DBTW is supported and it is enabled
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame
· 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
· if DBTW is not supported or DBTW is disabled
· For 480kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 2 slots spacing between every 4 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18
· For 960kHz SCS, the 64 candidate SSBs are located in 32 slots (i.e. 16 slot pairs, where 1 slot pair = 2 slots), with 4 slots spacing between every 8 consecutive slot pairs to avoid prolonged occupation, i.e n=0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17
· if DBTW is supported and it is enabled
· Additional 64 candidate SSB can be defined after the above original 64 candidate SSB in the half frame
Proposal 3: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz if the CP cannot cover beam switching and other functions simultaneously.
· Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots defined in Rel-15 NR
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs, e.g. only defining one candidate SSB per slot, or shift the existing SSB by one or more symbols
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
Proposal 4: Discovery burst transmission window (DBTW) should be supported for 120 kHz SSB SCS and other SSB SCSs.
Proposal 5: In order to reduce the impact of standardization caused by indicating candidate SSB indices, the maximum number of candidate SSB defined in the half-frame can be kept unchanged (maintain 64) or limited to 128 for 480/960 kHz SSB SCS.
Proposal 6: Four candidate values {8,16,32,64} for  are preferred.
Proposal 7: For 120 kHz SSB, enable/disable of DBTW can be indicated by comparing the value of   in MIB and DBTW length, and explicit signaling is not needed for this purpose. 
Proposal 8: The multiplexing pattern 1 and 3 for three approved SCS combinations of SSB and Type0-PDCCH can be considered for Rel-17 NR above 52.6 GHz. 
· (SSB, Type0-PDCCH): SCS (120 kHz, 120 kHz)
· (SSB, Type0-PDCCH): SCS (480 kHz, 480 kHz) 
· (SSB, Type0-PDCCH): SCS (960 kHz, 960 kHz) 
Proposal 9: For {SSB, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz, even though RAN4 has agreed the minimum CBW is increased to 100 MHz, 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 should still be supported.
Proposal 10: Support additional SCSs (480kHz and/or 960kHz) for PRACH and SSB if single subcarrier spacing is supported.
Proposal 11: For 480kHz and 960kHz, reuse the same RO configuration table as in Rel-15/16 with the same RO density for 120kHz PRACH. 
Proposal 12: Support 60kHz for reference slot as in FR2 with the less spec effort in beyond 52.6GHz.
Proposal 13: For higher PRACH SCS (480 and/or 960 kHz), consider the following options for further down-selection of RA-RNTI enhancements:
· Option 2)
· Segment the PRACH into N segments
· 
· Non-overlapping PRACH slot location in each segment(80 slots)
· Option 3)
· Segment the PRACH into N segments
· 
·  is the index of the PRACH slot that contains the PRACH occasion in a segment.
· In DCI: RA-indication = Segment index
· Option 7)
· 
·  is the index of the first 120kHz slot that contains the PRACH occasion in a system frame.
·  is the index of the first OFDM symbol of the PRACH occasion based on the value of  specified in clause 5.3.2 of TS 38.211.
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