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Introduction
In RAN #90e meeting, a Rel-17 work item for NR operation in a frequency regime between 52.6GHz and 71GHz was approved [1]. As part of the work item, the study on the physical layer aspects of initial access includes the following:
	· 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. 
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.
· 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, based on the WID, we present our views on the initial access aspects for NR operation in the frequency regime between 52.6GHz and 71GHz, including design aspects for:
· SSB
· SSB and CORESET0 multiplexing patterns
· RACH
Discussion
SSB Design Aspects
According to the WID, the SCS for the SSB includes 120 kHz and, if needed, study additional SCS values:
· 240 kHz, 480 kHz, 960 kHz for initial access
· 480 kHz, 960 kHz for cases other than initial access
SSB Numerology
To evaluate the SCS for the SSB, we consider several factors that affect the choice of this SCS, including:
· UE complexity for initial search
· Timing resolution (i.e., initial cell search timing resolution needs to be smaller than the CP of other channels e.g.: PDCCH/PDSCH)
· Performance of the SSB signals/channels
· Time domain blockage of other channels
· Beam switching gap needs
During the initial search, a UE searcher may use a sliding window and correlation technique to search for the PSS​ sequence. The PSS sequence is a length 127 frequency domain-based M-sequence (mapped to 127 sub-carriers) ​which can be initialized using 3 possible values. The PSS sequence determines part of the cell ID () which can take 3 possible values. Also, the UE during its PSS search would try multiple frequency hypotheses to account for Doppler, internal clock frequency shifts, and any other frequency errors​. Hence, the initial search for PSS involves a sliding window correlator where for each window time location, the UE tries 3 sequences and multiple frequency hypotheses.
​For higher SCSs, the symbols are shorter, hence, the number of UE correlations for the initial PSS search per unit time increases accordingly. 
On the other hand, increasing the SCS may require fewer frequency hypotheses. This depends on the UE implementation and a number of other factors including the nature of the channel/deployment and the maximum frequency and oscillator error assumptions.
[bookmark: O1][bookmark: O1a]Observation 1: increasing the SSB SCS will have an effect on the UE initial search complexity which will depend on multiple factors including the number of frequency bins needed and the number of correlations in time 
The timing resolution of the initial cell search needs to be smaller than the CP of the other channels (e.g., PDCCH or PDSCH). The theoretical timing resolution may be approximated by:
	SSB SCS (kHz)
	120
	480
	960

	PSS Symbol bandwidth (MHz)
	17.3
	69.1
	138.2

	Timing resolution based on PSS (ns)
	57.9
	14.5
	7.2

	Symbol Containing SSS and DMRS bandwidth (MHz)
	28.8
	115.2
	230.4

	Timing resolution based on SSS and DMRS from PBCH (ns)
	34.7
	8.7
	4.3


The UE may use SSS symbol (using SSS + DMRS) to further refine the timing. 
The CP length for SCS 480 kHz and 960 kHz are approximately 146.5 ns and 73.2 ns, respectively. It can be observed that the timing resolution for SSB SCS of 120 kHz is < the CP of the larger SCS symbols. However, this is based on theoretical calculations which may not take into account any implementation aspects for time tracking loops. Thus, a theoretical description of the ratio of the timing resolution to the CP length may not be enough. Therefore, it may be desirable to further study (simulate) the following:
· The residual timing error vs different SSB SCSs
· The effect of this residual timing error on the performance (e.g., BLER) of the channels with high SCS (480 and 960 kHz)
[bookmark: O2]Observation 2: the effect of the initial search timing resolution (for different SSB SCSs) on the performance of channels with high SCS (480 and 960 kHz) needs to be studied
In [2], the performance of the SSB signals/channels was presented for different SCSs. The following observations were made:
[bookmark: O3]Observation 3: for the PSS and SSS detection performance of different numerologies in the high frequency regime,
· The performance is degraded as the SCS increases due to the higher frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~2dB loss for 960kHz SCS compared to 120kHz SCS.
[bookmark: O4]Observation 4: for the PBCH performance of different numerologies in the high frequency regime,
· The performance is degraded as the SCS increases due to the higher frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~1.7dB loss for 960kHz SCS compared to 120kHz SCS.
For higher SCSs, the symbols are shorter and the time blockage for other channels is smaller. Hence, larger SCS SSB will have the advantage of smaller blockages.
[bookmark: O5][bookmark: O5a]Observation 5: larger SSB SCS causes less time domain blockages to other channels
However, a shorter symbol length means a shorter CP length. A gNB may need to have some time to switch from one beam to another which can be in the order of ~ 100 ns. In NR Rel 16, back-to-back SSBs from different beams was possible since the beam switching time can be absorbed in the CP and hence no explicit switching gap is needed (CP for SCS 120 and 240 kHz = 596 and 293 ns, respectively which is > 100 ns needed). However, for higher SCS SSBs, the CP is smaller (CP for SCS 480 kHz and 960 kHz are 146.5 ns and 73.2 ns, respectively) and the beam switching time may be larger than the CP or takes a considerable portion of the CP. Hence, an explicit switching gap may be needed. 
[bookmark: O6][bookmark: O6a]Observation 6: explicit beam switching gap between SSBs may be required for larger SSB SCS
For NSA (non-standalone) mode however, due to known timing and frequency, the UE complexity issue in observation 1 may be less problematic. Also, to simplify the UE implementation, the same numerology for SSB and other channels may be desirable. Reducing time domain channel blockage may also be a good reason to consider using a higher SCS (shorter symbols) for the SSB (as in observation 5).
[bookmark: O7]Observation 7: for NSA mode, increasing the SCS for the SSB may have a different effect on the UE search complexity compared to SA mode
Some deployments and use cases (e.g., IIOT) may need the advantage of a smaller SSB interruption time (i.e., larger SCS requirements). Also, indoor IIOT may operate in SA mode. Hence, a large SCS SSB may be beneficial in some cases and should be considered as an option for both SA and NSA modes. 
Given the above observations and arguments, further study (especially on UE complexity) is needed for higher SCSs (480 kHz and 960 kHz) for SA mode.
[bookmark: P1]Proposal 1: for the SSB for NR operation in the frequency between 52.6GHz and 71GHz:
· Use SCS = 120 kHz and 240 kHz for SA mode
· FFS for 480 kHz and 960 kHz
· Use SCS = 120 kHz, 240 kHz, 480 kHz, and 960 kHz for NSA mode
[bookmark: P2]Proposal 2: study the following for different SSB SCSs:
· UE initial search complexity (for SA and NSA modes)
· The effect of the initial search timing resolution on the performance of channels with high SCS (480 and 960 kHz)
[bookmark: _Ref61337171]SSB Pattern
According to the WID, up to 64 SSB beams is to be supported in this frequency range. 
For SSBs using SCS = 120 kHz or 240 kHz, there is no clear motivation to change the NR Rel-16 SSB pattern, hence, the same SSB pattern used for FR2 in NR Rel-16 specification may be reused. 
For SSBs using SCS = 480 kHz or 960 kHz, explicit beam switching gaps (as indicated in observation 6) may be needed, hence a simple extension of the existing patterns to the new numerologies may not work and a new pattern may be needed.
[bookmark: O8]Observation 8: to accommodate explicit SSB beam switching gaps, a new SSB pattern may be required for larger SSB SCS (SCS = 480 kHz and 960 kHz)
The beam switching delay may be in the order of 100-200 ns. The CP length for SCS 480 kHz and 960 kHz are 146.5 ns and 73.2 ns, respectively, while the usable symbols lengths are 2083.3 ns and 1041.7 ns, respectively. Therefore, a beam switching gap may be in the order of 1 symbol. 
[bookmark: O9]Observation 9: a symbol-level (1 symbol) SSB beam switching gap may be required for larger SSB SCS (SCS = 480 kHz and 960 kHz)
In addition, due to the larger SCS (hence shorter symbols), the DL/UL switching delay is not trivial and may take more than few symbols (possibly slot-level). Therefore, to account for UL segments within an SSB burst, a considerable number of symbols need to be reserved for DL/UL switching delays.
[bookmark: O10]Observation 10: for larger SSB SCS (480 kHz and 960 kHz), accommodating UL segments within the SSB burst may require accounting for DL/UL switching delays taking considerable number of symbols (possibly slot-level)
To accommodate a slot-level UL/DL switching and a symbol-level beam switching gap, an “SSB slot” may be introduced where a repeated slot structure is defined and symbols for one or more SSB beams are contained in the SSB slot with beam switching gaps between them. 
In addition, control symbols (e.g., PDCCH) may be also included in these SSB slots. These control symbols may be generic and may not need to be associated with the corresponding SSB beam as long as the design allows for a gap between the control symbols and an SSB of different beams. 
Another option is to have a self-contained structure where the SSB and the corresponding CORESET0 may be confined in the same SSB slot. 
Some examples for an “SSB slot” are shown in Figure 1.


[bookmark: _Ref61447348]Figure 1: “SSB Slot” Examples
If 2 SSBs (for example) are allocated in an SSB slot, 32 SSB slots are needed for all 64 beams to be swept. In case all SSB slots are back-to-back with no gap slots in between, the 32 slots span 0.5 ms for 960 kHz SCS. While it is much faster than the 5 ms for SCS 120 kHz, the 0.5 ms may be too long to accommodate URLLC traffic. Hence, the design may take into account having gap slots within the SSB slots of the burst. An example is shown in Figure 2.


[bookmark: _Ref61447380]Figure 2: SSB Pattern with “Gap Slots” Example
The number of “SSB slots” and the “gap slots” in a burst/span may be such that:
· The burst/span is small enough so the DMTC window is short (not longer than Rel-16)
· The number of gap slots is reasonable for DL/UL transmission TDM multiplexing
· The pattern of SCS 480 and 960 kHz matches in time domain (i.e., number of SSB/gap slots for SCS 960 = 2 x number of SSB/gap slots for SCS 480)
[bookmark: P3]Proposal 3: for the SSB for NR operation in the frequency between 52.6GHz and 71GHz and SCS = 480 kHz and 960 kHz, consider defining an SSB pattern consisting of multiple “SSB slots” where SSB symbols for one or more beams are contained in the “SSB slot”
· A beam switching gap of 1 symbol is inserted between SSBs within the “SSB slot”
· Additional control symbols may be defined in the SSB slots with beam switching gaps between control and SSB symbols of different beams
· Additional “gap slots” may be inserted between “SSB slots” to account for URLLC and UL traffic
SSB/CORESET0 Multiplexing Aspects
Allowed SCS combinations
A proposal for the allowed combinations for the SSB and CORESET0 is presented in Table 1.
[bookmark: P4]Proposal 4: consider the following SSB and CORESET0 SCS combinations:
· SSB SCS = 120 kHz, CORESET0 SCS = 120, 480, 960 kHz
· SSB SCS = 240 kHz, CORESET0 SCS = 120 kHz
· [bookmark: _Ref61337114]SSB SCS = 480/960 kHz, CORESET0 SCS = SSB SCS
[bookmark: _Ref61447449]Table 1: Allowed SSB/CORESET0 SCS Combinations
	SSB SCS (kHz) 
	CORESET0 SCS (kHz)

	
	120
	480
	960

	120
	Yes
	Yes
	Yes

	240
	Yes
	No
	No

	480
	No
	Yes
	No

	960
	No
	No
	Yes



Indication of subCarrierSpacingCommon in MIB
The subcarrier spacing for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages is indicated in the MIB using 1-bit which can be scs15or60, scs30or120. In the case of SSB SCS = 120 kHz, and if 3 different values for the CORESET0 SCS are possible, then the 1-bit indication in the MIB is not enough. Several options may be considered, e.g.:
· Reduce the number of allowed combinations for 120 kHz SCS SSB
· Reuse 1-bit from the “pdcch-ConfigSIB1” field
· Carry the extra-1 bit needed in PSS/SSS/DMRS, by some implicit MIB/PBCH signaling, or using different SSB design
[bookmark: P5]Proposal 5: consider ways to have 1 extra bit to indicate the common SCS in the SSB structure or contents in case more than 2 values for the common SCS are allowed
SSB/CORESET0 Multiplexing Patterns
In NR Rel-16, SSB and CORESET0 for FR2 may be multiplexed using one of 3 possible “multiplexing patterns”:
· Multiplexing pattern 1:
· The SCS of the SSB and CORESET0 may or may not be the same
· The SSB and CORESET0 symbols are TDM’ed
· CORESET0 offset = 0, 2.5, 5, or 7.5 ms from the frame start
· UE monitors PDCCH over 2 consecutive slots starting from slot 
· For SSB index : 
· That is in a frame with SFN satisfying 
· 
· Or in a frame with SFN satisfying
· 
·  based on the SCS for PDCCH receptions in the CORESET 
·  and  are defined in Table 13-12 of TS 38.213
· Multiplexing pattern 2:
· The SCS of the SSB and CORESET0 are different
· The SSB and CORESET0 symbols are FDM’ed/TDM’ed
· They are TDM’ed to allow for the same numerology across the BWP
· These are located in symbols between the SSBs
· UE monitors PDCCH over 1 slot with CORESET0 periodicity equal to the periodicity of SSB
· Defined in Tables 13-13 and 13-14 of TS 38.213
· Multiplexing pattern 3:
· The SCS of the SSB and CORESET0 are the same
· The SSB and CORESET0 symbols are FDM’ed
· UE monitors PDCCH over 1 slot with CORESET0 periodicity equal to the periodicity of SSB
· Defined in Table 13-15 of TS 38.213
The configuration is indicated in pdcch-ConfigSIB1 (in the MIB), which consists of:
· controlResourceSetZero (4 bits), determines:
· Multiplexing pattern
· CORESET0 frequency offset/#RBs/#symbols
· searchSpaceZero (4 bits), determines: 
· CORESET0 time location
· For multiplexing patterns 2 and 3, only one value “0” is used
For the NR operation in the frequency between 52.6GHz and 71GHz, the following consideration may be taken for the SSB and CORESET0 multiplexing.
Multiplexing pattern 1
The existing NR Rel-16 design may be reused (equations and general table structure: 13-12 of TS 38.213). However, depending on the adopted SSB burst pattern, some numbers in the table may need modification. For example, the current offset of the 1st symbol of the CORESET0 from the frame start can be 0, 2.5, 5, or 7.5 ms. However, for higher SCS values, the SSB burst/span may be less than 2.5 ms. To have the option of back-to-back SSB and CORESET0 multiplexing, a value of < 2.5 ms may be considered.
[bookmark: P6]Proposal 6: NR Rel-16 SSB/CORESET0 multiplexing pattern 1 design may be reused with possibly some changes to the table (e.g., the need for < 2.5 ms options for the start of the CORESET0 wrt frame boundary) which depends on the outcome of the SSB pattern design
Multiplexing pattern 2
This can be considered for the SSB + CORESET0 SCS combinations: 120 kHz + 480/960 kHz and 240 kHz + 120 kHz.
For the 240 kHz + 120 kHz combination, the same design for NR Rel-16 may be reused.
For the 120 kHz + 480/960 kHz combination, the CORESET0 symbols may be placed in the gap symbols between the SSBs. It can be a simple extension to the existing NR Rel-16 design where the CORESET0 symbols are placed in the symbol gaps before the corresponding SSBs (Figure 3).
[bookmark: P7]Proposal 7: SSB/CORESET0 multiplexing pattern 2:
· For the 240 kHz + 120 kHz combination: reuse the same design as in NR Rel-16
· For the 120 kHz + 480/960 kHz combination: the CORESET0 symbols may be placed in the gap symbols between the SSBs (similar to the existing NR Rel-16 design)


[bookmark: _Ref61544992]Figure 3: SSB/CORESET0 Multiplexing Pattern 2 Example for 120 + 480/960 kHz combination
Multiplexing pattern 3
For this multiplexing pattern, the SCS of the SSB and CORESET0 need to be the same, hence the valid combinations are: 120 + 120 kHz, 480 + 480 kHz, and 960 + 960 kHz. 
Generally, the same design concept and table used in NR Rel-16 may be used here. 
[bookmark: P8]Proposal 8: NR Rel-16 SSB/CORESET0 multiplexing pattern 3 design may be reused for the valid combinations of 120 + 120 kHz, 480 + 480 kHz, and 960 + 960 kHz
In addition to multiplexing patterns 1, 2, and 3 defined in NR Rel-16, additional designs may be considered. 
Additional Design Option 1
A time-domain fixed location for CORESET0/SIB1:
· SSBs are located at {4,8,16,20} +28*n (n={0,1,2,3}, {5,6,7,8}, {10,11,12,13}, {15,16,17,18})
· First 16 beams of the CORESET0/SIB1 are placed at slots 8 and 9 of 120 kHz (slots 32 to slot 39 of 480 kHz or slots 64 to slot 79 of 960 kHz) such that
· In case of 120 + 480: 2 CORESET0/SIB1 per 480 kHz slot (7 symbols for one CORESET0/SIB1)
· Symbol 0-1 (CORESET0), symbol 2-5 (SIB1), symbol 6 (Gap)
· Symbol 7-8 (CORESET0), symbol 9-12 (SIB1), symbol 13 (Gap)
· In case of 120 + 960: 1 CORESET0/SIB1 per 960 kHz slot (14 symbols for one CORESET0/SIB1)
· Symbol 0-1 (CORESET0), symbol 2-12 (SIB1), symbol 13 (Gap)
· Similar offset for second/third/forth set of 16 CORESET0/SIB1 corresponding to SSBs
· I.e., repeat 120 kHz slot {8,9} design for slots {18,19}, {28,29}, {38,39} to cover all 64 beams
· The advantages of this design may include:
· After acquiring SSB i, if the RSSI of the SSB is good enough and the UE decides not to detect any other SSBs, the UE may sleep until the corresponding CORESET0/SIB1, thus achieve some power saving
· Smaller delay between SSB and CORESET0/SIB1 (within the same frame)
· A possible disadvantage of this design may occur when the gNB does not transmit all 64 Beams (i.e., some SSB symbols are un-occupied), the gNB may not schedule CORESET0/SIBs in those un-occupied symbols.
Figure 4 and Figure 5 show the design for 120 + 480 kHz and 120 + 960 kHz combinations, respectively.  
[bookmark: P9]Proposal 9: consider introducing an SSB/CORESET0 multiplexing pattern for higher SCS SSB (480 and 960 kHz), where a time domain fixed location for the CORESET0 and SIB1 is considered



[bookmark: _Ref61447488]Figure 4: SSB/CORESET0 Multiplexing Pattern Example for 120 + 480 kHz combination (Additional Design 1)



[bookmark: _Ref61543714]Figure 5: SSB/CORESET0 Multiplexing Pattern Example for 120 + 960 kHz combination (Additional Design 1)

Additional Design Option 2
For higher SCS SSB, to minimize the beam switching gap overhead (which may be explicit), consider grouping (TDM’ing) the SSB and CORESET0 symbols. Grouping multiple channels/signals for 1 beam together may be particularly useful for higher SCS cases where symbol-level beam switching gaps may be required and the grouping may help reduce the gap overhead/duplication (e.g., between different beam SSBs and between different beam CORESET0’s/SIB1s). Figure 6 shows some examples for this proposed multiplexing pattern.
· Option A: in section 2.1.2, we proposed the “SSB slot” concept and the possibility that control symbols may be multiplexing with SSB in the same SSB slot. This design may have several advantages: e.g., beam switching gaps may be minimized, self-contained structure, and generic control symbols may be multiplexed with the SSB
· Option B: back-to-back SSB+CORESET0 of a beam followed by SIB1 and a gap (as in example 2 below)
Although the figure shows an SSB slot design, the SSB/COREST0/SIB1 may or may not be confined in an “SSB slot”.
The SCS of the SSB and CORESET0 used in this multiplexing pattern option may be different or the same. 
[bookmark: P10][bookmark: _Ref61435165]Proposal 10: consider introducing an SSB/CORESET0 multiplexing pattern for higher SCS SSB (480 and 960 kHz), where TDM grouping of the SSB and the corresponding CORESET0/SIB1 is considered


[bookmark: _Ref61447514]Figure 6: SSB/CORESET0 Multiplexing Pattern Example (Additional Design 2)
RACH Design Aspects
PRACH Sequence Length
In [2], the performance of the PRACH was presented for different SCSs. The following observation was made:
[bookmark: O11]Observation 11: for the PRACH performance of different numerologies in the high frequency regime,
· No noticeable difference in the misdetection performance is identified among SCSs.
· With the same CINR, the false alarm rate increases as the SCS or sequence length (i.e., bandwidth) increases
For NR operation in the range of 52.6 GHz to 71 GHz, unlicensed band has been identified within the frequency range. Similar to unlicensed band in FR1, there will be a PSD limit and an EIRP constraint in higher bands as well. For example, in use cases other than outdoor, there is PSD limit of 23 dBm/MHz with up to 40 dBm EIRP. While some mobile terminals may have TRP of 23 dBm, some other user terminals (e.g., CPE) may be able to operate at higher EIRP up to 40 dBm. For these high capability UEs, to fully take advantage of the 40 dBm EIRP limit, ~50 MHz transmission bandwidth is needed under the 23 dBm/MHz PSD limit. 
To accommodate this, an increase of the BW of the PRACH preamble may be considered, and a longer sequence length (compared to FR2) was considered. The WID states that: “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”. 
Table 2 shows the required PRACH preamble BW for multiple SCS and sequence lengths (LRA) options.
[bookmark: _Ref61337237]Table 2: PRACH Preamble BW
	SCS (kHz)
	LRA
	BW (MHz)

	120
	139
	16.7

	
	571
	68.5

	
	1151
	138.1

	480
	139
	66.7

	
	571
	274.1

	
	1151
	552.5

	960
	139
	133.4

	
	571
	548.2

	
	1151
	1105.0



[bookmark: O12]Observation 12: the following PRACH preamble combinations are enough to achieve the desired BW requirement for the maximum EIRP allowed:
· SCS = 120 kHz: LRA = 571
· SCS = 480/960 kHz: LRA = 139
[bookmark: P11][bookmark: P11a]Proposal 11: consider using the following for the PRACH preamble sequence lengths for higher bands:
· SCS = 120 kHz: 139 and 571
· SCS = 480/960 kHz: 139 only
PRACH Formats
NR Rel-16 uses several PRACH preamble formats to support multiple cell sizes and coverage requirements. 
For FR2, 9 PRACH formats are defined:
· 3 A formats do not have guard period
· 4 B format having guard periods
· 2 C formats have large CP and guard periods
For higher bands, it is expected that the same formats would be reusable with the appropriate SCS scaling.
[bookmark: P12]Proposal 12: for higher bands consider reusing the PRACH formats defined in NR Rel-16 (with appropriate SCS scaling)
[bookmark: _Ref61337278]RO Considerations
In NR Rel-16, up to 8 RACH occasions (RO) can be FDM’ed. For higher bands, as proposed in proposal 11, a longer preamble sequence length of 571 may be used for SCS = 120 kHz. If all 8 FDM’ed ROs are configured, the overall BW would be 8 x 120e3 x 571 = 548 MHz which is higher than the 400 MHz maximum BW for SCS 120 kHz. Hence:
[bookmark: P13]Proposal 13: a maximum of 4 FD multiplexed ROs for SCS = 120 kHz and sequence length = 571. For all other SCS and sequence length combinations, a maximum of 8 FD multiplexed ROs can be used
In the time domain, the same argument presented for the SSB beam switching times may apply for PRACH. NR Rel-16 is able to multiplex RO’s back-to-back because the gNB beam switching delay can be absorbed by the CP (i.e., the CP is long enough to absorb the beam switching delays). However, in higher bands and SCS (e.g., SCS = 480 and 960 kHz), the CP length may not be long enough to absorb this beam switching delay requirement. 
[bookmark: O13]Observation 13: for higher RACH SCS (480 and 960 kHz), the CP length may not be long enough to absorb the gNB beam switching delay requirement
To mitigate this issue, the following options may be considered: 
· Option A: Do not include an explicit gap (reuse NR Rel16 design) 
· Some PRACH symbol repetitions may be lost
· Leave it to gNB implementation on how to handle any “possible” repetition preamble losses
· Option B: Include a PRACH symbol level gap between ROs
· This makes sure all repetitions are usable by the gNB and the coverage can be predicted 
· Option C: Include a RO-level gap between ROs
· This has larger gaps between ROs
· May have an advantage of scheduling other UL traffic (e.g., for other users) in the gap
· gNB may also chose to interlace the gaps and ROs in adjacent cells to reduce interference
To reduce the initial access delay and possible losses, and to reduce any possible gap overhead, option B is preferred.
[bookmark: P14]Proposal 14: for higher RACH SCS (480 and 960 kHz), consider including a symbol-level gap between ROs to allow for gNB beam switching delay
PO Considerations
Similar to the RACH occasion discussion in section 2.3.3, an explicit beam switching gap may be needed between PUSCH occasions (PO) for the msgA. This is mainly due to higher PUSCH SCS (480 and 960 kHz) where the CP length may not be long enough to absorb the gNB beam switching delay requirement.
Similar options may be considered to mitigate this issue (with an additional option): 
· Option A: Do not include an explicit gap (reuse NR Rel-16 design) 
· Leave it to gNB implementation on how to handle any “possible” coding gain loss/energy loss
· Option B: Include an OFDM symbol level gap between ROs
· Option C: Include a PO-level gap between POs
· This has larger gaps between POs
· May have an advantage of scheduling other UL traffic (e.g., for other users) in the gap
· gNB may also chose to interlace the gaps and POs in adjacent cells to reduce interference
· Option D: sub-symbol gap in case PUSCH uses DFT-s-OFDM (as shown in Figure 7)
· This can be realized by adding tails symbols pre-DFT of the PUSCH
· The number of symbols depends on the gap length needed
· Let G = gap length, M = DFT size, N = IFFT size
· The number of symbols L = GM/N
· To manage the PAPR, the symbols may use the same modulation as the PUSCH


[bookmark: _Ref61437813]Figure 7: Sub-symbol Level Gap DFT-s-OFDM Signal Generation
Options A and D may suffer some performance loss due to the coding gain loss. 
To reduce the initial access delay and possible losses, and to reduce any possible gap overhead, option B is preferred.
[bookmark: P15]Proposal 15: for higher RACH SCS (480 and 960 kHz), consider including a symbol-level gap between POs to allow for gNB beam switching delay
RA-RNTI Considerations
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 10 ms RAR window and a maximum SCS of 120 kHz (80 slots in a frame). For higher bands and higher SCSs (480 and 960 kHz), the number of slots in a frame is > 80 (320 slots for SCS = 480 kHz and 640 slots for SCS = 960 kHz). Hence, keeping the equation unchanged (with t_id < 80 slots) mean the maximum RAR window can be 2.5 ms and 1.25 ms for 480 and 960 kHz, respectively. This may be restrictive. 
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 used to transmit the preamble of MSGA in RAR PDCCH.
There may be several solutions to this issue. In this paper, we present a 2 options.
Option A: 
From the argument above, we may need to extend the range of the t_id to beyond 80 slots. For future compatibility (higher SCSs), we can make the maximum number of slots to be dependent on the maximum SCS supported in that frequency range. 
RA-RNTI = (1 + s_id + 14 × t_id + 14 ×  × f_id + 14 ×  × 8 × ul_carrier_id) mod 216 
where  is the maximum  for the FR used.
With this proposal however, the RA-RNTI can be more than FFFF and modular operation needs to be applied. Due to the modular operation, some ROs:
· May have the same RA-RNTI
· May collide with FFF0–FFFD (reserved) or P-RNTI (FFFE) or SI-RNTI (FFFF)
In this case, the ROs with RA-RNTI conflicting with the pre-allocated RNTIs should not be used.
When multiple ROs have the same RA-RNTI but not conflicting with the pre-allocated RNTIs, only one of the ROs can be used (e.g., the first RO among those ROs with the same RA-RNTI) or rely on the existing contention resolution mechanisms.
Option B:
Reuse the NR RA-RNTI equation while conveying additional system timing information in the DL DCI that schedules the MSG2/MSGB (similar to the 40 ms RAR window extension concept in NR Rel-16).
As an example (960 kHz PRACH SCS), using the existing RA-RNTI equation and 10 ms RAR window, the maximum RAR window can be 1.25 ms. If we desire a 10 ms RAR window, there will be 8 segments if we use the RA-RNTI equation in the NR Rel-16. Therefore, we can signal a 3-bit indication in the DL DCI for MSG2/B to indicate which segment the PRACH was sent on. Similarly, for SCS 480 kHz, we need 2-bits (corresponding to 4 segments).
With this approach we can keep the same RA-RNTI as in NR Rel-16 while allowing higher SCS PRACH preamble without any RO restriction. In addition, the approach is future compatible when longer RAR window or even larger PRACH SCS is needed (where we can use more bits in the DCI).
[bookmark: P16]Proposal 16: for higher RACH SCS (480 and 960 kHz), consider the following options for the RA-RNTI:
· Option A: using the following equation for the RA-RNTI calculations ( is the maximum  for the FR used) and defining rules in case RA-RNTI conflicts with pre-allocated RNTIs or in case multiple ROs have the same RA-RNTI
· RA-RNTI = (1 + s_id + 14 × t_id + 14 ×  × f_id + 14 ×  × 8 × ul_carrier_id) mod 216 
· Option B: reuse the same RA-RNTI equation in NR Rel-16, divide the RAR window into N segments (each segment is 80 slots using the used SCS), and signal the segment index in the DCI that schedules the MSG2/B
Conclusions
In this contribution, based on the WID, we presented our views on the initial access aspects for NR operation in the frequency regime between 52.6GHz and 71GHz, including design aspects for:
· SSB
· SSB and CORESET0 multiplexing patterns
· RACH
The following observations were made:
Observation 1: increasing the SSB SCS will have an effect on the UE initial search complexity which will depend on multiple factors including the number of frequency bins needed and the number of correlations in time 
Observation 2: the effect of the initial search timing resolution (for different SSB SCSs) on the performance of channels with high SCS (480 and 960 kHz) needs to be studied
Observation 3: for the PSS and SSS detection performance of different numerologies in the high frequency regime,
· The performance is degraded as the SCS increases due to the higher frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~2dB loss for 960kHz SCS compared to 120kHz SCS.
Observation 4: for the PBCH performance of different numerologies in the high frequency regime,
· The performance is degraded as the SCS increases due to the higher frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~1.7dB loss for 960kHz SCS compared to 120kHz SCS.
Observation 5: larger SSB SCS causes less time domain blockages to other channels
Observation 6: explicit beam switching gap between SSBs may be required for larger SSB SCS
Observation 7: for NSA mode, increasing the SCS for the SSB may have a different effect on the UE search complexity compared to SA mode
Observation 8: to accommodate explicit SSB beam switching gaps, a new SSB pattern may be required for larger SSB SCS (SCS = 480 kHz and 960 kHz)
Observation 9: a symbol-level (1 symbol) SSB beam switching gap may be required for larger SSB SCS (SCS = 480 kHz and 960 kHz)
Observation 10: for larger SSB SCS (480 kHz and 960 kHz), accommodating UL segments within the SSB burst may require accounting for DL/UL switching delays taking considerable number of symbols (possibly slot-level)
Observation 11: for the PRACH performance of different numerologies in the high frequency regime,
· No noticeable difference in the misdetection performance is identified among SCSs.
· With the same CINR, the false alarm rate increases as the SCS or sequence length (i.e., bandwidth) increases
Observation 12: the following PRACH preamble combinations are enough to achieve the desired BW requirement for the maximum EIRP allowed:
· SCS = 120 kHz: LRA = 571
· SCS = 480/960 kHz: LRA = 139
Observation 13: for higher RACH SCS (480 and 960 kHz), the CP length may not be long enough to absorb the gNB beam switching delay requirement
Based on these observations, we have the following proposals:
Proposal 1: for the SSB for NR operation in the frequency between 52.6GHz and 71GHz:
· Use SCS = 120 kHz and 240 kHz for SA mode
· FFS for 480 kHz and 960 kHz
· Use SCS = 120 kHz, 240 kHz, 480 kHz, and 960 kHz for NSA mode
Proposal 2: study the following for different SSB SCSs:
· UE initial search complexity (for SA and NSA modes)
· The effect of the initial search timing resolution on the performance of channels with high SCS (480 and 960 kHz)
Proposal 3: for the SSB for NR operation in the frequency between 52.6GHz and 71GHz and SCS = 480 kHz and 960 kHz, consider defining an SSB pattern consisting of multiple “SSB slots” where SSB symbols for one or more beams are contained in the “SSB slot”
· A beam switching gap of 1 symbol is inserted between SSBs within the “SSB slot”
· Additional control symbols may be defined in the SSB slots with beam switching gaps between control and SSB symbols of different beams
· Additional “gap slots” may be inserted between “SSB slots” to account for URLLC and UL traffic
Proposal 4: consider the following SSB and CORESET0 SCS combinations:
· SSB SCS = 120 kHz, CORESET0 SCS = 120, 480, 960 kHz
· SSB SCS = 240 kHz, CORESET0 SCS = 120 kHz
· SSB SCS = 480/960 kHz, CORESET0 SCS = SSB SCS
Proposal 5: consider ways to have 1 extra bit to indicate the common SCS in the SSB structure or contents in case more than 2 values for the common SCS are allowed
Proposal 6: NR Rel-16 SSB/CORESET0 multiplexing pattern 1 design may be reused with possibly some changes to the table (e.g., the need for < 2.5 ms options for the start of the CORESET0 wrt frame boundary) which depends on the outcome of the SSB pattern design
Proposal 7: SSB/CORESET0 multiplexing pattern 2:
· For the 240 kHz + 120 kHz combination: reuse the same design as in NR Rel-16
· For the 120 kHz + 480/960 kHz combination: the CORESET0 symbols may be placed in the gap symbols between the SSBs (similar to the existing NR Rel-16 design)
Proposal 8: NR Rel-16 SSB/CORESET0 multiplexing pattern 3 design may be reused for the valid combinations of 120 + 120 kHz, 480 + 480 kHz, and 960 + 960 kHz
Proposal 9: consider introducing an SSB/CORESET0 multiplexing pattern for higher SCS SSB (480 and 960 kHz), where a time domain fixed location for the CORESET0 and SIB1 is considered
Proposal 10: consider introducing an SSB/CORESET0 multiplexing pattern for higher SCS SSB (480 and 960 kHz), where TDM grouping of the SSB and the corresponding CORESET0/SIB1 is considered
Proposal 11: consider using the following for the PRACH preamble sequence lengths for higher bands:
· SCS = 120 kHz: 139 and 571
· SCS = 480/960 kHz: 139 only
Proposal 12: for higher bands consider reusing the PRACH formats defined in NR Rel-16 (with appropriate SCS scaling)
Proposal 13: a maximum of 4 FD multiplexed ROs for SCS = 120 kHz and sequence length = 571. For all other SCS and sequence length combinations, a maximum of 8 FD multiplexed ROs can be used
Proposal 14: for higher RACH SCS (480 and 960 kHz), consider including a symbol-level gap between ROs to allow for gNB beam switching delay
Proposal 15: for higher RACH SCS (480 and 960 kHz), consider including a symbol-level gap between POs to allow for gNB beam switching delay
Proposal 16: for higher RACH SCS (480 and 960 kHz), consider the following options for the RA-RNTI:
· Option A: using the following equation for the RA-RNTI calculations ( is the maximum  for the FR used) and defining rules in case RA-RNTI conflicts with pre-allocated RNTIs or in case multiple ROs have the same RA-RNTI
· RA-RNTI = (1 + s_id + 14 × t_id + 14 ×  × f_id + 14 ×  × 8 × ul_carrier_id) mod 216 
· Option B: reuse the same RA-RNTI equation in NR Rel-16, divide the RAR window into N segments (each segment is 80 slots using the used SCS), and signal the segment index in the DCI that schedules the MSG2/B
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