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1 Introduction
In the revised WID [1] approved in RAN#90 on Extending current NR operation to 71 GHz, the following objectives related to initial access are included:
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range.

· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (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, these aspects will be discussed, SS/PBCH block related aspects in Section 2.1 and RACH related aspects in Section 2.2.

[bookmark: _Ref178064866]2	Discussion
In TR 38.808 [6] it is stated “It is observed that for a single carrier with the same number of transmitted symbols, in general, smaller subcarrier spacing may potentially provide larger coverage due to use of smaller bandwidth and gears towards (but not limited to) coverage driven scenarios.”
[image: ] [image: ]
[bookmark: _Ref65143441]Figure 1: (left) SSB (PSS+SSS+PBCH) maximum isotropic loss for TDL-A 3km/h, various delay spreads and subcarrier spacings. (right) PRACH maximum isotropic loss for the case of delay spread 20 ns and maximum propagation round-trip time 380 ns (ISD 100 m) with all transmit power limits considered. L is the PRACH sequence length.
That is, with larger SCS, the OFDM symbol duration becomes shorter which negatively impacts coverage for fixed payload channels (e.g., PDCCH/PUCCH) and variable payload channels (e.g., PDSCH/PUSCH). The same is true for initial access signals and channels (SS/PBCH block, PRACH) as we show using link budget results [7]. In Figure 1 we repeat the link budget results from Sections 4.1.1 and 4.1.2 of [7] for SS/PBCH block and PRACH. For both SS/PBCH block and PRACH, 120 kHz SCS has more than 6 dB better maximum isotropic loss than 960 kHz. Based on the pathloss models in 38.901, this results in a 1.5 - 2 times larger cell radius and thus 2.25 - 4 times larger coverage area. We can also observe that the maximum isotropic loss for the SS/PBCH block with 120 and 240 kHz are essentially identical, due to the fixed frequency allocation (20 PRBs) and spectral power density limits.
Based on this observation, and the fact that coverage enhancements for SS/PBCH block are not pursued according to the WID [1], it is important to deploy in a manner that ensures coverage, which further guides what sort of design changes/enhancements compared to Rel-16 should be supported for operation of NR in the 52.6 – 71 GHz band. Two example deployments ensuring coverage are shown in Figure 2 and Figure 3. In both cases, a carrier in the 52.6 – 71 GHz band is deployed, but for the non-standalone deployment, this carrier inter-works with a low(er)-band carrier through carrier aggregation (CA) or dual-connectivity (DC).
For the non-standalone case (Figure 2), a PCell in the low(er) band carrier is configured with 15/30 kHz SCS (for FR1) or 120 kHz SCS (for FR2) for which coverage is ensured. In this deployment, the existing Rel-15 initial access framework is directly appliable. In addition, an SCell or PSCell is configured on the high band carrier (in the 52.6 – 71 GHz band) with either 480 or 960 kHz SCS which inter-works with the low(er)-band carrier through CA/DC. The SCell/PSCell is activated in order to support high data rates when needed as long as the UE is in sufficiently good channel conditions. This would be the most robust way of operating, as coverage is ensured by the lower band PCell.
[image: ]
[bookmark: _Ref60908023][bookmark: _Ref61756084]Figure 2: Non-standalone deployment scenarios for ensuring coverage with reuse of FR1/FR2 initial access framework
For the standalone case (Figure 3), coverage is ensured by a PCell with an initial BWP using 120 kHz SCS. The initial BWP is used for initial access, and the existing FR2 framework is directly applicable, e.g., 120 kHz for PRACH and 120/240 kHz for SS/PBCH. To support higher data rates for UEs in good coverage there are two options; (i) intra-band multi-carrier operation in which one configures the UE with additional SCell(s) with larger bandwidth and larger SCS (480 or 960 kHz) or (ii) single-carrier operation in which one configures an additional wide BWP with larger SCS (480 or 960 kHz). 

[image: ]		[image: ]
[bookmark: _Ref60908039]Figure 3: Standalone deployment scenarios for ensuring coverage with reuse of FR2 initial access framework
[bookmark: _Ref67673415]2.1	SS/PBCH Block Related Aspects
2.1.1	SCSs for SS/PBCH Block
In RAN1#104-e the following agreement was made
	Agreement:
· Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.



Further at the end of the meeting, a number of proposals were discussed, but without conclusion. Below we reiterate Proposal #1.2-13 that we think can be a good starting point for discussion.
	Proposal #1.2-13
· Support 480kHz and 960kHz SSB SCS when center frequency and SCS of SSB is explicitly provided to the UE and CORESET0 and Type0-PDCCH search space are not configured in MIB
· SCS of the configured BWP(s) of the carrier carrying 480/960 kHz SSB is expected to be the same as the SCS of the SSB.
· Note: support of 480/960kHz SCS for SSB is optional
· FFS: support one or more of 240, 480 kHz, 960 kHz SSB SCS for other cases
· FFS: support 240 kHz SCS SSB when center frequency and SCS of SSB is explicitly provided to the UE and CORESET0 and Type0-PDCCH search space are not configured in MIB
· Study the UE initial search complexity of 240, 480 and 960 kHz (for other cases)
· [bookmark: _Hlk65746557]Study the initial timing resolution based on low SCS (120 and/or 240 kHz) and its impact on the performance of higher SCS data (480/960 kHz)




The first bullet plus sub-bullet facilitates large SCS for SCells (including PSCell) including single numerology operation for which we are supportive for simpler implementations. We further observe that for basic (P)SCell operation, only SS/PBCH transmission is required, i.e., the MIB can indicate that CORESET0 (and thus SIB1) is absent. Based on this analysis we make the following proposal:
[bookmark: _Toc68549378]For cases other than initial access (e.g. for an SCell / PSCell), support 480 and 960 kHz SCS for SS/PBCH block.
The second bullet regarding other cases is rather broad and thus we will discuss different aspects separately. 
We start with the case of supporting 240 kHz SS/PBCH block for initial access, i.e. when the center frequency and SCS of the SS/PBCH block is not explicitly signaled and the UE is required to read SIB1. 240 kHz SS/PBCH has several advantages compared to 120 kHz SCS. For example, it allows a beam sweep to be completed in half the time compared to 120 kHz SSB, and as thoroughly analyzed in [7], a 240 kHz SS/PBCH block allows a smaller relative timing error for operation in the 52.6 – 71 GHz band compared to 120 kHz SSB. Moreover, we show in [8] that for the case of 960 kHz for data/control, use of 240 kHz SCS for SS/PBCH block can allow a similar relative UE initial timing error requirement as for FR1 (minimum 0.5%). Relative UE initial timing error is defined as Te expressed as a percentage of 1/SCSSSB. 
In Section 2.1.3 we show that the search complexity for operation in the 52.6 – 71 GHz band while supporting both 120 kHz and 240 kHz SSB as in FR2 can be maintained on the same level as per band in FR2. If 240 kHz SS/PBCH block is supported for initial access, obviously it would be supported for non-initial access as well. Based on this analysis we make the following proposal:
[bookmark: _Toc68549379]Like for FR2 in Rel-15/16, for initial access (PCell), support the following SCS combination in an initial BWP: 240 kHz SCS for SS/PBCH block + 120 kHz SCS for initial access related signals/channels. Note: this is in addition to the already supported (120,120) combination.
Regarding supporting 480/960 kHz for initial access, we don’t see a strong motivation to support that. Like we discuss in Section 2, coverage is severely limited when using higher SCS. In addition, only small changes in the environment or UE position can cause timing changes that are on the same order as the cyclic prefix, making the link very sensitive. So, to summarize, we don’t think 480/960 kHz is suited for a PCell.
2.1.2	SSB-based initial timing resolution
	Agreement:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)



In the above agreement, there is also one FFS regarding initial timing resolution based on low SCS (120 and/or 240 kHz) and its impact on the performance of higher SCS data (480/960 kHz). 
For the case when the higher SCS is used for another cell (PSCell or SCell) and that cell also has an SS/PBCH block with the higher SCS, cells with lower SCS and higher SCS can be put in different timing advance groups. By doing so, the gNB can adjust the timing of the two groups independently and the UE can estimate the timing for the high SCS cells based on the high SCS SS/PBCH block. 
For the case when the two SCS are used in the same cell, as discussed in Section 2.1.1, using 240 kHz SS/PBCH block SCS allows a similar relative UE initial timing error requirement as for FR1 (minimum 0.5%) even for 960 kHz data.
[bookmark: _Toc68549371]Putting cells with low/high SCS in different timing advance groups allows timing to be adjusted independently. For mixed numerology operation, using 240 kHz SS/PBCH block allows a similar relative UE initial error requirement as for FR1 even for data channels operating on 960 kHz.
2.1.3	SSB-CORESET0 offsets and UE SSB search complexity 
In RAN1#104e, the following agreements were made:
Agreement:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)

Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz, at least the following options on minimum channel bandwidth are identified. 
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· Further study in RAN1 the above options’ implications on RAN1 design and specification
· Send LS to RAN4 to inform about RAN1’s identified options of minimum channel bandwidth and ask RAN4 to decide and feedback the minimum channel bandwidth


Here we discuss some of the items listed as FFS. To start, we acknowledge that these items have a clear dependence on RAN4 decisions, and it will be hard to make concrete agreements in RAN1 before the channelization and minimum channel bandwidth per SCS is decided by RAN4. However, it is still of value to consider some possible RAN4 designs to be able to progress the discussions and understand the tradeoffs in RAN1. 
In our companion contribution [9], channelization of the 57 – 71 GHz spectrum range is discussed. In Rel-15/16, the global channel raster granularity of 60 kHz is specified to accommodate a flexible channelization to accommodate potentially fragmented operator spectrum holdings in FR2. In contrast, in the 57 – 71 GHz range there is a large amount of contiguous spectrum available, see Figure 4, which means that the same channelization flexibility as in Rel-15 is not necessarily needed. Instead, based on the large blocks of spectrum allocations and to reduce UE SSB search complexity, using a fixed channel design is well motivated. In [9], an exemplary fixed channelization is created and we use this as a basis for the discussion throughout this contribution. A minimum channel bandwidth of 100 MHz is assumed, in line with Option 1-1 from the agreement copied above. The supported channel bandwidths for the exemplary fixed channelization are listed in Table 1.
[image: ]
Figure 4: Regional spectrum allocation for the range 57 – 71 GHz.
[bookmark: _Ref67998479]Table 1: Channel bandwidths supported for exemplary channelization design
	Subcarrier
Spacing

	Nominal Channel Bandwidth


	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	
	
	-
	-
	-

	480 kHz
	-
	
	
	
	-

	960 kHz
	-
	-
	-
	-
	



As shown in [9], using a fixed channel design, the 14 GHz of spectrum available can be nicely split into channels as summarized in Table 2.
[bookmark: _Ref67479699]Table 2: Number of channels per channel bandwidth for a fixed channelization of 57 – 71 GHz
	Subcarrier
Spacing

	Nominal Channel Bandwidth


	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	140
	35
	-
	-
	-

	480 kHz
	-
	35
	17
	8
	-

	960 kHz
	-
	-
	-
	-
	6



The number of RBs  (transmission bandwidth configuration) associated with each bandwidth and subcarrier spacing combination in the table is to be decided by RAN4. The number of RBs is a function of the spectral utilization  defined as the transmission bandwidth configuration divided by the nominal channel bandwidth . The number of RBs is thus given by 

For example for the 100 MHz minimum channel bandwidth for 120 kHz SCS, a spectral utilization of 86.4% corresponds to  RBs.
Using this exemplary fixed channelization, we can now discuss the FFS points regarding the supported SSB-CORESET0 configurations and whether or not additional configurations are required. Specification 38.213 [3] includes tables defining the SSB-CORESET0 offsets supported for all numerologies. Table 13-8, copied below, is the applicable one for {120, 120} kHz operation and Table 13-10 is the corresponding table for {240, 120} kHz operation. 
[image: ]
In [9], an extensive analysis of the exemplary channelization is done. It is shown how the channel raster can be defined for the exemplary fixed channelization and how sync raster points can be selected based on the ARFCN selection. It is also shown that in general the sync raster points selected for the minimum channel bandwidths can be used also for channels of larger channel bandwidths of the same SCS. The main observations assuming 100 MHz minimum bandwidth are copied here for convenience:· For both 120 kHz and 240 kHz SSB with SSB-CORESET0 Multiplexing Pattern 1 (TDM mux)
· The existing Rel-15 CORESET0 configuration tables are usable "as is" as long as the spectral utilization ≥ 85% (59 RBs)
· No new SSB-CORESET0 offsets need to be defined
· For 120 kHz SSB with SSB-CORESET0 Multiplexing Pattern 3 (FDM mux)
· The existing Rel-15 CORESET0 configuration tables are usable "as is" for all practical spectral utilization values for the case of 24 RB CORESET0
· No new SSB-CORESET0 offsets need to be defined


In the analysis, it was also observed that for the case of 120 kHz SCS SSB, the set of sync raster points selected to be able to support SSB-CORESET0 multiplexing pattern 1 does not fully intersect with the set of sync raster points required to be able to support also SSB-CORESET0 multiplexing pattern 3 with existing RB offset values. Multiplexing pattern 1 is essential to be able to provide enough RBs for SIB1 transmissions for 100 MHz channels, while multiplexing pattern 3 can be used for larger bandwidths and for smaller SIB1 transmissions. For the case of 240 kHz SSB only SSB-CORESET0 multiplexing pattern 1 is applicable. 
Based on these observations, we can conclude that with 100 MHz minimum bandwidth and as long as the spectral utilization is at least 85% (59 RB Transmission bandwidth configuration) the values defined in Table 13-8 and Table 13-10 in 38.213 for FR2 operation can be used also in the 57 – 71 GHz spectrum range. Hence, we propose:
[bookmark: _Toc68549380]For the case when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz, Table 13.8 in 38.213 can be used for operation in 57 – 71 GHz. 
[bookmark: _Toc68549381]For the case when {SS/PBCH, PDCCH} SCS is {240, 120} kHz, Table 13-10 in 38.13 can be used for operation in 57 – 71 GHz.  
Next, we move to the topic of UE search complexity. For Rel-15/16 FR2, the minimum channel bandwidth is 50 MHz and the sync raster granularity is 17.28 MHz. The largest defined FR2 band is n259, spanning 4 GHz (see Table 5.2.1 in [2]). For this band (see Table 5.4.3.3-1 in [2]) there are 230 possible GSCN values for 120 kHz SCS (every sync raster point is valid) and 114 possible GSCN values for 240 kHz SCS (every second sync raster point is valid), resulting in a total of 344 possible GSCN values to search. Considering all FR2 bands together, the total number of sync raster points to search is 1206. 
In contrast, using the exemplary fixed channelization with 100 MHz minimum channel bandwidth for the 57 – 71 GHz range, the SSB search complexity is 140 sync raster points per subcarrier spacing defined for initial access, see Table 3. Supporting initial access for 120 and 240 kHz SCS gives a significantly smaller search complexity (280) compared to the full Rel-15/16 FR2 range (1206) and a clearly smaller search complexity compared to the largest currently defined FR2 band (344). As indicated above, this is assuming SSB-CORESET0 multiplexing 1 is fully supported for 100 MHz channels and SSB-CORESET0 multiplexing pattern 3 can be used for a subset of the 100 MHz channels. Also for Rel-15/16 FR2 operation, only a subset of the rows in Tables 13-8 and 13-10 are applicable for minimum bandwidth channels, hence, we do not regard this as a severe restriction. 
[bookmark: _Ref68172692]Table 3 SSB search complexity
	
	SSB SCS for Initial access
	Search complexity

	Rel-15/16 FR2, largest band
	120 + 240
	344

	Rel-15/16 FR2, total over all 4 bands
	120 + 240
	1206

	Operation in 57 – 71 GHz
	120
	140

	Operation in 57 – 71 GHz
	120 + 240
	280



In order to fully support Pattern 3 for all 100 MHz channels, an additional set of GSCN values could be defined over and above the set of 140 for Pattern 1. While this increases the UE search complexity to some extent, the overall search complexity is still low, especially when comparing to the FR2 bands in Rel-15. 
[bookmark: _Toc68549372]Using a fixed channel design, the UE SSB search complexity when supporting both 120 and 240 kHz SSB for initial access is less than the legacy FR2 search complexity.
2.1.4	SSB time domain patterns for SSB with 480/960 kHz SCS
In RAN1#104e, the following agreement was made, and as we propose in Section 2.1.1, we support SS/PBCH block with 480 and 960 kHz SCS for use cases other than initial access (e.g. for an (P)SCell).Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4


For FR2, SS/PBCH block time domain patterns are defined for 120 kHz (Case D) and 240 kHz (Case E) SCS. These patterns are designed to support operation with SS/PBCH transmission with a different SCS than for data and control channels, for example SS/PBCH with 240 kHz SCS and data/control with 60 or 120 kHz SCS. The patterns are also designed with a longer gap (2 slots) between certain SSBs to allow slot-length and sub-slot-length UL and DL transmissions even when a large number of SSB beams is used.
As SS/PBCH block patterns are already specified for 120 and 240 kHz SCS operation, and we do not see any reason to change these. Hence the discussion here will focus on time domain patterns of SS/PBCH block for 480 and 960 kHz SCS (if agreed). There are several aspects to consider when designing the SS/PBCH block time domain patterns for larger SCS, and before discussing the details it makes sense to agree on what design principles to focus on.
Gaps between SSB beams
Gaps can be useful for various reasons: for short UL or DL transmissions (a few symbols), for longer UL or DL transmissions (a few slots), or for beam switching (if cyclic prefix is not judged to be long enough for this). 
When increasing the SCS, the time duration of a 64 beam SS/PBCH transmission is reduced substantially. For example, if 64 SS/PBCH beams are transmitted in 32 slots, the time duration of the SS/PBCH beam sweep is 0.5 ms if 960 kHz SCS is used. Using 480 kHz SCS, the corresponding time duration is 1 ms. With these short beam sweep times, the need to define longer gaps between SS/PBCH beams for PDSCH/PUSCH transmissions is reduced.
To be able to utilize the gaps between the SS/PBCH block beams for short UL transmissions, they need to be large enough to fit DL/UL + UL/DL switching and one or two symbols for transmission in-between. In [4], the RX-TX transition times, NRx-Tx and NTx-Rx, are specified to 13792*Tc which translates to approximately 7 µs. We note that the RAN4 requirement is 5 µs for the UE [2]. For 960 kHz SCS, one OFDM symbol is approximately 1 µs long. Hence, the switching time translates to a large number of 960 kHz symbols, making the short gaps between SS/PBCH blocks not very useful for UL transmissions. 
According to the WID objectives [1], only normal cyclic prefix is to be considered. Another objective is to adopt a common design framework for 480 and 960 kHz SCS. For 960 kHz SCS, the CP length is 73 ns and for 480 kHz SCS it is 146 ns. According to the TR 38.817-02 [10], the worst-case beam switching time is estimated to be below 100 ns. While RAN4 are still discussing this topic,100 ns beam switching time is viewed as conservative, and we expect that beam switching will be able to fit into the CP also for operation with 960 kHz SCS. 
As stated in the agreement, input from RAN4 should be taken into account. However, the general approach to use when defining SSB time domain patterns can be discussed before that input is received. Here, our view is to use a simple approach and not strive for optimizations. 
A simple and basic design approach is to use the FR2 Case D pattern as a basis for the SS/PBCH block time domain patterns for 480 and 960 kHz SCS. The FR2 Case D definition is [3]:
Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
For an illustration of the pattern, see Figure 5. As stated above, we expect that beam switching can be performed in the CP also for 960 kHz SCS, hence there is no need to introduce symbol level gaps between SS/PBCH blocks. The gaps between pairs of SS/PBCH blocks might be difficult to use for UL transmissions, if RX-TX transition times are not reduced. However, the symbols can be used for short DL transmissions and we propose to use the Case D pattern as is for operation also with 480 and 960 kHz SCS. Using the simple approach, we also propose to keep the longer gaps between SS/PBCH blocks as defined in the Case D pattern for FR2, even if the motivation for them is reduced considering the short slot time for the larger subcarrier spacings. 
[image: ]
[bookmark: _Ref60992867]Figure 5: Example SSB time domain pattern for 480 and 960 kHz SCS. Pattern based on Case D pattern.
To summarize, the following is proposed:
[bookmark: _Toc68549382]Use the FR2 Case D pattern for time domain pattern for SSB transmissions with 480 kHz and 960 kHz SCS. 
2.1.5	Discovery Burst
In RAN1#104-e the following agreement was made
	Agreement:
· For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported




In Rel-16, a discovery burst (DB) was defined to be able to define special LBT rules (25us one-shot LBT) for SS/PBCH blocks, SIB1 and CSI-RS compared to other DL transmissions. 
[bookmark: _Hlk52951538]Recent updates to draft EN 302 567 v2.2.0 for 60 GHz include a clause for Short Control Signaling, that allows a node to access the channel without LBT for control signals/channels, the total duration of which shall not exceed 10ms within an observation period of 100ms. One obvious candidate to be classified as short control signaling is the SS/PBCH block. In case a small SIB1 (e.g. for ANR purposes) is FDM with the SS/PBCH block it makes sense that that transmission is also classified as short control signaling. The Rel-16 DB also includes CSI-RS, which e.g. can be used for tracking and thus could also benefit from being classified as short control signaling.
Thus, to make efficient use of the short control signaling rule, it is beneficial to reuse the Rel-16 definition of a discovery burst also for this frequency range. 
[bookmark: _Toc68549383]Reuse the definition of the Rel-16 discovery burst (DB) also for the 52.6-71 GHz frequency range.
As discussed above, we think it is beneficial to allow the DB to be classified as short control signaling. In addition, PRACH related messages would also benefit from this. Thus we make the following proposal (as discussed in [5] and repeated here for convenience):
[bookmark: _Toc53738664][bookmark: _Toc61356635][bookmark: _Ref61765508][bookmark: _Toc68549384][bookmark: _Ref68609309]Consistent with EN 302 567, when operating in LBT mode a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10ms within an observation period of 100ms. The following signals/channels shall be classified as Short control signaling transmissions:
a. [bookmark: _Toc61356636][bookmark: _Toc68549385]Discovery burst (as defined in Rel-16)
b. [bookmark: _Toc61356637][bookmark: _Toc68549386]msg1 and msg3 for the 4 step RACH and MsgA for the 2-step RACH 
c. [bookmark: _Toc61356638][bookmark: _Toc68549387]FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)

For NR-U in the 5/6 GHz band, allowing the SS/PBCH blocks to slide within the discovery burst transmission window due to LBT outcome is an optimization. At low-to-moderate loads – the preferred operating point of the system – and/or in controlled environments, a large fraction of the time, sliding is not needed. Furthermore, occasional dropping of an SS/PBCH block due to LBT failure is not disastrous to system performance.
In the 52.6 – 71 GHz band, the need for sliding within a window is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [6]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference.
For these reasons, it is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT) which simplifies the UE procedures for initial access when it is unknown to the UE if the gNB operates with or without LBT.
[bookmark: _Toc68549373]It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window, especially since SS/PBCH blocks most of the time can be classified as short control signaling transmissions consistent with EN 302 567.
Nevertheless, the DBTW topic received quite a lot of attention in the last meeting so we here make some observations regarding the QCL relation signaling in MIB. In Rel-16 a combination of one LSB bit from ssb-SubcarrierOffset and the field subCarrierSpacingCommon was used to indicate , also referred to as the QCL parameter, Q. This mapping relies on that the initial DL BWP SCS and the SS/PBCH SCS is the same and that one bit is then available in ssb-SubcarrierOffset. The former depends on which SCS combinations that are supported for initial access which is unknown at the moment. The latter deserves some further analysis.



In FR1  which is expressed in terms of 15 kHz SCS, thus requiring 5 bits to signal. The 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload. 


For FR2,  and is expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon, thus requiring 4 bits to signal. All 4 bits of  are given by the higher-layer parameter ssb-SubcarrierOffset. It should be noted that for FR2   is used to signal the SS/PBCH block index. 

In Rel-16 NR-U the least significant bit of ssb-SubcarrierOffset could be repurposed because is only allowed to take even values. It should however be noted that because the range is 0-23, there are still 12 possible values, allowing a 30 kHz SS/PBCH block to be placed anywhere within a 30 kHz common RB.

Because it has been agreed to support 120 kHz SS/PBCH block and 120 kHz CORESET#0 for Type0-PDCCH, it seems probable that all 4 bits of ssb-SubcarrierOffset will be needed to support the full  range 0-11, unless the RAN4 synchronization and channel raster design allows the range to be reduced to 8 values (3 bits).
[bookmark: _Toc68549374]If a DBTW is supported, the Rel-16 way of signaling the QCL relation (the parameter Q) in MIB does not seem feasible for this frequency range.

2.2	RACH Related Aspects
In RAN1#104-e, the following agreement was made:Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access


As discussed in Section 2.1 with respect to SSB, we prefer to avoid re-designing the FR2 initial access framework. Further, we propose in Section 2.1.1 that for initial access {SSB, CORESET0} = {120,120} and {240,120} kHz are supported as the SCS combinations for the initial BWP, implying 120 kHz for PRACH. Based on this, we don't believe is necessary to introduce additional SCSs (480/960 kHz) for PRACH for initial access. However, as also discussed in Section 2.1.1, for cases other than initial access (e.g. in an SCell) where coverage is not a concern, introduction of 480/960 kHz SCS SS/PBCH block, and by extension 480/960 kHz SCS for PRACH, would allow for single numerology operation of all signals/channels.

[bookmark: _Toc68549388]For cases other than initial access (e.g. for a SCell or PSCell), if SS/PBCH block with 480 and 960 kHz SCS is supported, support PRACH with the same SCS as the UL BWP.
As shown in the above agreement, it is FFS whether or not sequence length L = 571/1151 is supported for PRACH with SCS 480/960 kHz. While all sequence lengths are L = 139/571/1151 are useful from a coverage perspective for 120 kHz PRACH, sequence lengths L = 571/1151 for 480/960 kHz would lead to excessive PRACH bandwidth (e.g., 548 MHz/1.1 GHz for 960 kHz SCS). Such wide PRACH bandwidth is not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc68549375]While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) lead to excessive PRACH bandwidth for 480/960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.

[bookmark: _Toc68549389]For 480/960 kHz PRACH, specify support for only L = 139. Do not specify support for L = 571/1151.

PRACH SCSs 480/960 kHz lead to PRACH occasions that are 4 or 8 times shorter than for 120 kHz, in theory allowing PRACH occasions to be 4 or 8 times more densely spaced in time. Such dense spacing would, however, increase the PRACH processing load (operations/unit time) by the corresponding factor. In order to avoid this, it is important to support PRACH configurations for 480/960 kHz SCS that allow maintaining the same PRACH processing load as for 120 kHz PRACH configurations.

[bookmark: _Ref61755811][bookmark: _Toc68549390]For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.

The design of the PRACH configuration tables for FR1/FR2 in Rel-15 was a tedious process, and it would be preferable to avoid this when defining the band above 52.6 GHz. It would therefore be beneficial to reuse the existing Rel-15/16 FR2 PRACH configuration table (Table 6.3.3.2-4 in 3GPP TS 38.211 [4]) also for higher SCSs. In the following we discuss how this may be achieved when introducing SCS larger than 120 kHz for PRACH.

A small excerpt from the 38.211 table is shown in Table 4 for the example of the A3 preamble format.

[bookmark: _Ref68176963]Table 4 Excerpt of PRACH configuration table for FR2 (from 3GPP TS 38.211 [4], Table 6.3.3.2-4)
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	68
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

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

	70
	A3
	1
	0
	19,39
	7
	1
	1
	6

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




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

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

For 480/960 kHz, corresponding rules for which 1 or 2 slots to use for PRACH must be specified. Possible rules for which 480/960 kHz slots to use when “Number of PRACH slots within a 60 kHz slot” equals 1 are illustrated in Figure 6 (exemplified for PRACH configuration 71 in Table 2). When “Number of PRACH slots within a 60 kHz slot” equals 2, a key design aspect is to ensure that the PRACH slots are sufficiently spread in time to avoid peaks in processing load. Possible rules fulfilling this requirement are illustrated in Figure 7. The example rules illustrated in Figure 6 and Figure 7 can be included in 38.211 by adding the following to the above bullets:

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

[image: ]
[bookmark: _Ref68177145]Figure 6 Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 1.

[image: ]
[bookmark: _Ref61858690]Figure 7: Illustration of possible rules for which slots within a 60 kHz slot to use for PRACH when “Number of PRACH slots within a 60 kHz slot” equals 2.

The location of PRACH occasions within a 60 kHz reference slot is then determined in Section 5.3.2 of 38.211 as follows:
,
where  is the starting OFDM symbol (in the PRACH SCS) of a PRACH occasion within the reference 60 kHz slot, [image: ] is given by the column "Starting symbol" in the PRACH configuration table, [image: ] is the PRACH occasion duration in number of OFDM symbols and is given by the column “[image: ], PRACH duration”,  is the PRACH occasion index within the slot and ranges from 0 up to one less than the value in the column “,number of time-domain PRACH occasions within a PRACH slot”, and  is the PRACH slot index within the 60 kHz reference slot as discussed above. In order to support 480/960 kHz SCS, there is no need to make any changes to this equation or these table columns.
In summary, all columns in the current RACH configuration table for FR2 can be used "as is," for supporting 480/960 kHz PRACH. The only thing that needs to be changed is to add a rule, as described above, for defining which 1 or 2 480/960 kHz slots within a reference 60 kHz slot are used.

[bookmark: _Toc68549376]The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).

[bookmark: _Toc61755594][bookmark: _Toc61755835][bookmark: _Toc61765941][bookmark: _Toc68549391]To fulfill Proposal 8, support configuration of PRACH occasion(s) in only 1 or 2 480/960 kHz slots within a 60 kHz reference slot.

[bookmark: _Toc68549392]For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.

2.2.1	LBT gaps between consecutive RACH occasions
For NR-U in the 5/6 GHz band, it was discussed whether or not to introduce gaps between consecutive PRACH occasions within a PRACH slot. In the end, it was decided not to introduce such gaps, as this was viewed as an optimization. In the 52.6 – 71 GHz band, the need for such gaps is even less since LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required (e.g., c1 band according to HS EN 302 567), the LBT threshold is much higher than for the 5/6 GHz band. System simulation results (see [6]) show that the system performance without LBT is on par, or even better, than with LBT. This can be explained by the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference. 
In addition, recent updates to draft EN 302 567 v2.2.0 include a clause for Short Control Signaling. Based on this we include Proposal 7 in Section 2.1.4 in which we propose that PRACH is classified as Short control signaling consistent with EN 302 567 v2.2.0. With such classification, it is not necessary to optimize the PRACH design by introducing gaps between consecutive PRACH occasions within a PRACH slot since in almost all scenarios, LBT will not be required prior to PRACH transmission. In addition, this allows a design that is common between licensed and unlicensed operation (both with and without LBT).
[bookmark: _Toc68549377]It is not necessary to optimize PRACH design to allow for gaps between consecutive PRACH occasions within a PRACH slot, especially since PRACH can be classified as short control signaling transmissions consistent with EN 302 567 (see Proposal 7).
Conclusion
In the previous sections we made the following observations: 
Observation 1	Putting cells with low/high SCS in different timing advance groups allows timing to be adjusted independently. For mixed numerology operation, using 240 kHz SS/PBCH block allows a similar relative UE initial error requirement as for FR1 even for data channels operating on 960 kHz.
Observation 2	Using a fixed channel design, the UE SSB search complexity when supporting both 120 and 240 kHz SSB for initial access is less than the legacy FR2 search complexity.
Observation 3	It is not necessary to optimize the SS/PBCH transmission/reception mechanism by introducing a transmission window, especially since SS/PBCH blocks most of the time can be classified as short control signaling transmissions consistent with EN 302 567.
Observation 4	If a DBTW is supported, the Rel-16 way of signaling the QCL relation (the parameter Q) in MIB does not seem feasible for this frequency range.
Observation 5	While L = 139/571/1151 is beneficial for 120 kHz PRACH from a coverage perspective, the longer sequence lengths (L = 571/1151) lead to excessive PRACH bandwidth for 480/960 kHz PRACH, and are not needed in order to maximize PRACH transmission power given regulatory/UE power limits.
Observation 6	The current PRACH configuration table for FR2 which defines PRACH slot positions based on a reference numerology of 60 kHz can be reused as is for 480/960 kHz. What needs to be specified is a rule on which 1 or 2 480/960 kHz slots within the reference 60 kHz slot contain PRACH occasion(s).
Observation 7	It is not necessary to optimize PRACH design to allow for gaps between consecutive PRACH occasions within a PRACH slot, especially since PRACH can be classified as short control signaling transmissions consistent with EN 302 567.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For cases other than initial access (e.g. for an SCell / PSCell), support 480 and 960 kHz SCS for SS/PBCH block.
Proposal 2	Like for FR2 in Rel-15/16, for initial access (PCell), support the following SCS combination in an initial BWP: 240 kHz SCS for SS/PBCH block + 120 kHz SCS for initial access related signals/channels.
Proposal 3	For the case when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz, Table 13.8 in 38.213 can be used for operation in 57 – 71 GHz.
Proposal 4	For the case when {SS/PBCH, PDCCH} SCS is {240, 120} kHz, Table 13-10 in 38.13 can be used for operation in 57 – 71 GHz.
Proposal 5	Use the FR2 Case D pattern for time domain pattern for SSB transmissions with 480 kHz and 960 kHz SCS.
Proposal 6	Reuse the definition of the Rel-16 discovery burst (DB) also for the 52.6-71 GHz frequency range.
Proposal 7	Consistent with EN 302 567, when operating in LBT mode a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10ms within an observation period of 100ms. The following signals/channels shall be classified as Short control signaling transmissions:
a.	Discovery burst (as defined in Rel-16)
b.	msg1 and msg3 for the 4 step RACH and MsgA for the 2-step RACH
c.	FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)
Proposal 8	For cases other than initial access (e.g. for a SCell or PSCell), if SS/PBCH block with 480 and 960 kHz SCS is supported, support PRACH with the same SCS as the UL BWP.
Proposal 9	Specify support for all sequence lengths (139/571/1151) for 120 kHz PRACH. For 480/960 kHz PRACH, specify support for only L = 139.
Proposal 10	For 480/960 kHz PRACH, support PRACH configurations that allow maintaining the same PRACH processing load (operations/unit time) as for 120 kHz PRACH configurations.
Proposal 11	To fulfill Proposal 8, support configuration of PRACH occasion(s) in only 1 or 2 480/960 kHz slots within a 60 kHz reference slot.
Proposal 12	For 480/960 kHz PRACH, reuse the current PRACH configuration table in 38.211 for FR2 "as is." Specify rule for which 1 or 2 480/960 kHz slots within a 60 kHz reference slot are used depending on the value in the existing column "Number of PRACH slots within a 60 kHz slot" in the current PRACH configuration table. The rule should be common for all PRACH configurations in the table.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref60753713]R1-202925, "Revised WID on Extending current NR operation to 71 GHz", CMCC, RAN#90-e, December 2020.
[bookmark: _Ref60847000]3GPP TS 38.101-2, "User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone", v16.5.0 September 2020.
[bookmark: _Ref60993913]3GPP TS 38.213, “Physical layer procedures for control”, v16.3.0 September 2020.
[bookmark: _Ref61010403]3GPP TS 38.211, “Physical channels and modulation”, v16.3.0 September 2020.
[bookmark: _Ref46231781][bookmark: _Ref46490548][bookmark: _Ref52864098]R1- 2102793, "Channel access mechanism", Ericsson, RAN1#104b-e, April 2021.
[bookmark: _Ref61360516]TR 38.808, “Study on supporting NR from 52.6 GHz to 71 GHz”, v1.0.0, November 2020.
[bookmark: _Ref61361737]R1-2007982, ”On NR operations in 52.6 to 71 GHz”, Ericsson, RAN1#103-e, November 2020.
R4-2101863, “TP for NR Rel-17 TR 38.808: Time and synchronization impact”, RAN4#98-e, January 2021
[bookmark: _Ref67064492][bookmark: _Ref67478663]R1-2102794, “NR channelization for 52.6 – 71 GHz band”, Ericsson, RAN1#104b-e, April 2021. 
[bookmark: _Ref68004703]3GPP TR 38.817-02, “General aspects for Base Station (BS) Radio Frequency (RF) for NR”, v15.9.0, Sept 2020.
	4/4	
image1.png
Link budget, 1 transmission

I 5ns

[ 10ns
[ 20ns
I 40ns

=
w
o)

136

134

132

Maximum isotropic loss [dBm]

Bun. |

120 240 480 960
SCS [kHz]

130




image2.png
Maximum isotropic loss [dBm]

154

152

150

148

146

144

142

140

138

MIL, DS 20 ns, max RTT 380 ns

Format B4

Format A3
—_——

—_——

120 480 960 120 480
Subcarrier spacing [kHz]

960





image3.png
Carrier Aggregation / Dual Connectivity

' }
i I

Lower Band Carrier Carrier in Frequency
(FR1 or FR2) 526 —71 GHz Band
(15/30 kHz or 120 kHz (480/960 kHz SCS for
high data rates)

SCS for Coverage)




image4.png
Intra-Band Carrier Aggregation
in52.6 — 71 GHz Band

_ IS

Carrier#0 Carrier#1 Frequency
(120 kHz SCS (480/960 kHz SCS
for Coverage) for high data rates)




image5.png
Wide BWP

for high data rates)

BWP

Switch
Narrow Initial BWP
- (120 kHz SCS for Coverage)
Carrier in
526 — 71 GHz
Band

Frequency




image6.emf
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

China

US, Europe/CEPT

South Africa, Japan, Korea, Taiwan, Singapore, Australia IMT (Licensed)

Canada, Brazil, Mexico


image7.emf
Table 1 3 - 8 : Set of resource blocks and slot symbols of  CORESET   for Type0 - PDCCH search space   set   when {SS/PBCH block, PDCCH}  SCS   is {120, 120} kHz  

Index  SS/PBCH block and  CORESET   multiplexing  pattern    Number of RBs 

CORESET

RB

N

 Number of  Symbols 

CORESET

symb

N

   Offset (RBs)   

0  1   24  2  0  

1  1   24  2  4  

2  1   48  1  14  

3  1   48  2  14  

4  3   24  2  - 20 if 

0
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    - 21 if 

0

SSB


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5  3   24  2  24  

6  3   48  2  - 20 if 

0

SSB



k

    - 21 if 

0

SSB
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7  3   48  2  48  

8  Reserved  

9  Reserved  

10  Reserved  

11  Reserved  

12  Reserved  

13  Reserved  

14  Reserved  

15  Reserved  
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