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 Introduction
According to the outcome of the study item on supporting NR above 52.6 GHz [1], at 3GPP RAN #90 plenary e-meeting in December 2020, an update WID RP-202925 [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. In the WID, some objectives related to initial access were given and are excerpted as follows. 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.
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· 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 (240kHz, 480kHz, 960kHz) for SSB, and additional SCS (480kHz, 960kHz) for initial access related signals/channels in 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.
· [bookmark: _Hlk58594915]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 
 Discussion on initial access aspects
2.1 	SS/PBCH block and other initial access signals/channels
2.1.1 Subcarrier spacing 
Rel-15/16 NR supports five cases for SS/PBCH block (SSB) patterns: Case A with 15 kHz and Case B/C with 30 kHz in FR1, Case D with 120 kHz and Case E with 240 kHz in FR2. Figure 2.1.1-1 shows the SSB patterns in Case D and Case E. In addition, Rel-15/16 NR supports other initial access channels/ signals in initial BWP including Type0-PDCCH with 15 kHz and 30 kHz for FR1, 60 kHz and 120 kHz for FR2. 
Figure 2.1.1-1: SSB patterns in Case D and Case E
For Rel-15/16 FR2, the supported SCS pairs between SSB and Type0-PDCCH are shown in Table 2.1.1-1, including four combinations:
· (SSB SCS, Type0-PDCCH SCS): (120 kHz, 60 kHz);
· (SSB SCS, Type0-PDCCH SCS): (120 kHz, 120 kHz);
· (SSB SCS, Type0-PDCCH SCS): (240 kHz, 60 kHz);
· (SSB SCS, Type0-PDCCH SCS): (240 kHz, 120 kHz);
Table 2.1.1-1: Multiplexing pattern of SSB and Type0-PDCCH with different SCSs
	TS 38.213 Chapter 13:
UE procedure for monitoring Type0-PDCCH CSS sets
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Among above SCS pairs, SCS 60 kHz for any signals/channels including Type0-PDCCH in NR above 52.6 GHz were excluded in SI phase. Moreover, SSB/Type0-PDCCH with QPSK modulation have good robustness to phase noise, no matter their SCSs are 120 kHz or larger. Reusing SCS 120 kHz can also reduce the impacts on coverage, CP length as well as specification impacts. Therefore, in WID, it has already been agreed that supporting 120 kHz SCS for SSB and 120 kHz SCS for initial access related signals/channels in an initial BWP.
As the WID in [2] has made it clear that NR above 52.6 GHz needs to support SCS 480 kHz and 960 kHz for data/control channels and reference signals, a natural question is whether SSB and other initial access signals/channels in the initial BWP need to support these two SCSs?
First, as mentioned above, in order to support larger bandwidths, the data/control channels need to support SCS 480/960 kHz. If the SSB SCS only supports 120 kHz and the uplink transmission adopts a larger SCS e.g. 960 kHz, it will impact on initial uplink timing accuracy. The reason is that SSB is not wide enough in the frequency domain to provide the required time synchronization accuracy. Secondly, if SSB uses a same SCS as data/control channels, single numerology can help reduce complexity. Therefore, SSB should be configurable and at least it can be configured with a same SCS as the data/control channels. Moreover, the larger the SCS, the lower the synchronization complexity. Absolute frequency offset  of a carrier in 60 GHz band is larger than in FR2. Larger SCS 480/960 kHz has a higher tolerance on frequency offset as its  is low compared with SCS 120 kHz. In addition, SSB supporting SCS 480/960 kHz will help 5G NR to evolve to higher frequency band in the future, such as above 71 GHz. Above all, we believe 480/960 kHz for SSB is preferred to be introduced in NR above 52.6 GHz.
In order to reduce the complexity of multiplexing in standardization and implementation, other initial access signals/channels in the initial BWP also need to support SCS 480/960 kHz if SSB is approved to support them. For SCS 240 kHz, it is necessary to support it if SCS 480/960 kHz is not introduced for SSB. The reason is that 240 kHz not only can guarantee coverage performance, provide a long CP for beam switching, and reuse FR2 initial access process compared to 480/960 kHz, but it can also improve the time synchronization accuracy and reduce the synchronization complexity that 120 kHz cannot achieve. However, if SCS 480/960 kHz is introduced for SSB, supporting 240 kHz for SSB is unnecessary. Too many SSB SCSs will affect the multiplexing of SSB and Type0-PDCCH, and the configuration of Type0-PDCCH SCS, etc.
Proposal 1: The following options can be considered for determining SCSs of SSB and other initial access signals/channels in initial BWP, wherein Option 1 is preferred.
· Option 1: both SSB and other initial access signals/channels support SCS (120kHz, 480kHz, 960kHz)
· Option 2: SSB supports SCS (120kHz, 240kHz); Other initial access signals/channels support SCS (120kHz)
2.1.2 SSB pattern design
In Rel-15 NR, as shown in Figure 2.1.1-1, SSB patterns in both Case D (120 kHz) and Case E (240 kHz) only consider the multiplexing with SCS 60/120 kHz control/data channels because FR2 only supports SCS 60/120 kHz control/data channels. In the following, we give our views on designing SSB patterns with different SCSs for NR operation above 52.6 GHz.
· Only support single numerology operation
For SSB pattern with 120 kHz, it can reuse the SSB pattern in Case D in FR2.
For SSB pattern with 480/960 kHz, there are three options can be considered: The first is reusing the SSB patterns in one slot in Case A and Case C. The second is reusing the SSB patterns in two slots in Case B and Case D. In addition, Case E can also be considered for designing SSB pattern with 480/960 kHz if the configuration of CORESET and/or search space set is enhanced.
· Support both single and mixed numerology operation
For SSB pattern with 120 kHz, it can reuse the SSB pattern in Case D in FR2.
For SSB pattern with 480 kHz, it can be designed as follows. Case F1: reusing the SSB patterns in Case A and Case C for multiplexing with same and larger SCS channels (e.g. 480 kHz and 960 kHz). Case E2: reusing the SSB patterns in Case E for multiplexing with smaller SCS channels (e.g. 120 kHz).
For SSB pattern with 960 kHz, it can be designed as follows. Case G1: reusing the SSB patterns in Case B and Case D for multiplexing with same and smaller SCS channels (e.g. 960 kHz and 480 kHz).
· Beam switching for SSB with larger SCSs 480/960 kHz
In Rel-15, RAN4 made impact analysis of the beam switching and agreed that “the worst-case beam switching time is hence based on the analogue implementation and is estimated as < 100 ns.”. That is to say 100 ns is the largest time for beam switching according to RAN4’s understanding.
Table 2.1.2-1 shows the lengths of different types of CP with four SCSs = 120/240/480/960 kHz respectively. As shown in Table 2.1.2-1, we can see at least for SCSs = 120/240 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.
Table 2.1.2-1: the lengths of CP with different types based on four candidate SCSs
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)
	ECP

	3
	120
	125
	8333 ns
	586 ns
	1107 ns
	2083 ns 

	4
	240
	62.5
	4167 ns
	293 ns
	814 ns
	1042 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns
	521 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns
	260 ns


Rel-17 WID on NR operation in 52.6 GHz to 71 GHz [2] has agreed that supporting new SCSs 480 kHz and 960 kHz for data and control channels and reference signals. For SSB and other initial access channels/signals, 480 kHz and 960 kHz may also be used. Therefore, it is necessary to consider how to support beam switching for SSB with new SCS 480 kHz and 960 kHz.
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-symbols 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 in a same beam.
Proposal 2：For designing SSB patterns with different SCSs for NR operation above 52.6 GHz, it is proposed to reuse the existing design (i.e. Case A/C, Case B/D and Case E) as much as possible, and take different impacts in single/mixed numerology operation into account.
Proposal 3: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz.
· 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
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
2.1.3 SSB transmission in discovery burst window(s)
RAN has agreed that supporting up to 64 SSB beams for licensed and unlicensed operation in frequency range 52.6 GHz ~ 71 GHz. Accordingly, it is sufficient to define 64 candidate SSBs corresponding to 64 beams in a half-frame. However, in order to guarantee the SSB coverage, improve the SSB detection performance, and increase the transmission opportunities of SSB in unlicensed carrier, more candidate SSBs can be defined in the half-frame. As shown in Figure 2.1.3-1, at least for SCS 240/480/960 kHz, there are many blank symbols in the half-frame can be used for defining new candidate SSBs.
[image: ]
Figure 2.1.3-1: Candidate SSBs in a half-frame
Take Case E with 240 kHz as an example, a total of 128 candidate SSBs can be defined in the half frame to increase SSB transmission opportunities, as shown in Figure 2.1.3-2. One subsequent problem is how to indicate more candidate SSB indexes to UE for timing synchronization, taking the mechanism of Rel-16 NR-U as the reference.
[image: ]
Figure 2.1.3-2: More candidate SSBs defined in a half frame
Proposal 4: More than 64 candidate SSBs can be defined in a half-frame for Rel-17 NR above 52.6 GHz.
2.1.4 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 2.1.4-1. 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.
[image: ]
Figure 2.1.4-1: The multiplexing patterns of SSB and CORESET#0
As discussed in section 2.1.1, we suggest both SSB and other initial access signals/channels can support SCS (120kHz, 480kHz, 960kHz). But if supporting three SCSs for Type0-PDCCH and different combinations of SCSs of SSB and Type0-PDCCH, 1 bit of Subcarrierspacingcommon in MIB is not sufficient to indicate the SCS of Type0-PDCCH. Furthermore, in Rel-16 NR-U, Subcarrierspacingcommon in MIB is used to notify . Therefore, if Rel-17 NR needs using Subcarrierspacingcommon to indicate the SCS of Type0-PDCCH and still needs to notify , a new mechanism for notifying  needs to be designed. 
In order to avoid above specification impacts, we suggest that the SCS of SSB and CORESET#0 on a carrier is always the same for NR operation above 52.6 GHz. There are three supported SCS pairs for multiplexing between SSB and Type0-PDCCH suggested to be considered as follows.
· 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: ].
[image: ]
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 5: The following multiplexing patterns and combinations of SCSs of SSB and Type0-PDCCH can be considered for Rel-17 NR above 52.6 GHz.
· (SSB, Type0-PDCCH): SCS (120 kHz, 120 kHz)
· Multiplexing patterns: 1, 3
· (SSB, Type0-PDCCH): SCS (480 kHz, 480 kHz) 
· Multiplexing patterns: 1, 3
· (SSB, Type0-PDCCH): SCS (960 kHz, 960 kHz) 
· Multiplexing patterns: 1, 3
2.2 	PRACH
2.3.1 Subcarrier spacing
According to the PRACH related aspects in WID RP-202925 [2] introduced in Section 1, 120kHz is already supported for PRACH in initial BWP, further study whether to support additional SCS(480kHz, 960kHz) for PRACH in initial BWP. 
In SI phase, several companies performed simulation on PRACH for all candidate SCSs (120, 240, 480 and 960 kHz)，and the following are observed:
-	For PRACH preamble detection performances for the same PRACH format, all evaluated candidate SCSs (120, 240, 480 and 960 kHz) show comparable performances.
-	For PRACH link budget of the same PRACH format and the same sequence length, maximum isotropic loss (MIL) and maximum coupling loss (MCL) degrade as the subcarrier spacing is increased, negatively impacting coverage.
For data and control channel, one of the key motivations to introduce additional SCS is that in high frequency phase noise shows significant impact on existed SCS(e.g.120kHz). However, for sequence based PRACH signal/channel, it appears that 120kHz could handle the phase noise well and from coverage perspective, 120kHz is also the optimum solution compared with the additional SCSs.
As for another 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, this might be the main possible motivation to introduce new SCS for PRACH. It might be better to first determine the SCS of SSB and whether single SCS operation is supported before introducing additional SCSs for PRACH.
Proposal 6: Support 120kHz SCS for PRACH, jointly discuss additional SCSs (480kHz and 960kHz) for PRACH and SSB if single subcarrier spacing is supported.
2.3.2 Sequence length
It is specified in WID to support 139, 571 and 1151 sequence length for PRACH in above 52.6GHz, while the corresponding SCS and bandwidth may also need to be considered for each sequence length.
In NR FR2, only 139 sequence length is supported. Simulation result in [3] shows that, compared to short PRACH sequence length, longer PRACH sequence length improves MCL significantly due to wider bandwidth for a given SCS. Coverage might be one of the motivation to introduce long PRACH sequence length 571 and 1151.
 In low frequency NRU, sequence length 571 and 1151 are introduced to meet the OCB requirement with SCS 30kHz and 15kHz respectively. According to the discussion on channel access agenda in SI phase, the OCB requirement in above 52.6GHz is interpreted as follows:
The OCB requirement of draft version v2.1.20 of EN 302 567 [4] implies that 
-	device supports one or multiple declared nominal channel bandwidths, 
-	for each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 


However, the above OCB requirement seems like a rather relaxed restriction in above 52.6GHz compared with Rel-16 NRU, so multiple sequence length are supported in above 52.6GHz mainly due to the wider coverage and larger transmit power under the PSD limitation. 
[bookmark: _GoBack]In the following table, the occupied bandwidth is calculated for different combinations of sequence length and SCS, at least the occupied bandwidth of one combination should not be larger than the channel bandwidth. For example, the highlighted combinations may not be applicable if the channel bandwidth is equal to or less than 400MHz. The sequence length and SCS combination could be further studied once the channel bandwidth is decided. 
Table Occupied bandwidth for different sequence length and SCS
	
	120kHz
	480kHz
	960kHz

	139
	16.68 MHz
	66.72 MHz
	133.44 MHz

	571
	68.52 MHz
	274.08 MHz
	548.16 MHz

	1151
	138.12 MHz
	552.48 MHz
	1104.96 MHz


 Note: Guard band is not considered.
Proposal 7: Support sequence length 139, 571 and 1151 for PRACH, and further study the corresponding SCS when channel bandwidth and SCS are determined.
 Conclusion
In this contribution, we discuss intial access aspects in NR above 52.6 GHz band operation and have the following observations and proposals.
Proposal 1: The following options can be considered for determining SCSs of SSB and other initial access signals/channels in initial BWP, wherein Option 1 is preferred.
· Option 1: both SSB and other initial access signals/channels support SCS (120kHz, 480kHz, 960kHz)
· Option 2: SSB supports SCS (120kHz, 240kHz); Other initial access signals/channels support SCS (120kHz)
Proposal 2：For designing SSB patterns with different SCSs for NR operation above 52.6 GHz, it is proposed to reuse the existing design (i.e. Case A/C, Case B/D and Case E) as much as possible, and take different impacts in single/mixed numerology operation into account.
Proposal 3: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz.
· 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
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
Proposal 4: More than 64 candidate SSBs can be defined in a half-frame for Rel-17 NR above 52.6 GHz.
Proposal 5: The following multiplexing patterns and combinations of SCSs of SSB and Type0-PDCCH can be considered for Rel-17 NR above 52.6 GHz.
· (SSB, Type0-PDCCH): SCS (120 kHz, 120 kHz)
· Multiplexing patterns: 1, 3
· (SSB, Type0-PDCCH): SCS (480 kHz, 480 kHz) 
· Multiplexing patterns: 1, 3
· (SSB, Type0-PDCCH): SCS (960 kHz, 960 kHz) 
· Multiplexing patterns: 1, 3
Proposal 6: Support 120kHz SCS for PRACH, jointly discuss additional SCSs (480kHz and 960kHz) for PRACH and SSB if single subcarrier spacing is supported.
Proposal 7: Support sequence length 139, 571 and 1151 for PRACH, and further study the corresponding SCS when channel bandwidth and SCS are determined.
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