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Introduction
During RAN Plenary #82, the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum [2] has been approved, starting the Specifications phase for Release 16.
In RAN plenary #84, down-scoping of features has been agreed in [4]. The relevant scope agreed for this sub-agenda is the following:
7.2.2.1.1 Initial access signals and channels
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimizations
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs

In this contribution, we discuss details of initial access signals and channels design for NR-U:
· DRS
· PRACH
DRS 
The NR-U WID [2] lists the following physical layer aspects (DL signals and channels) to be specified related to DRS:
	Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	Physical layer aspects including [RAN1]:
…
-	NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.



In the following we focus on the remaining topics:
· SSB to CORESET#0 location in the subband
· RMSI in Scell for ANR procedure

[bookmark: _Ref1732899]SSB and CORESET#0 location in a subband
RAN4#92bis made agreements in [6, 7] regarding synch raster for the SSB placement in the subband and channel raster, respectively. Based on those we performed analysis on the needed offsets between the edge of the lowest PRB of the SSB and the lowest PRB of the CORESET#0, and shown in Appendix A. Applicable offsets are determined so that
· inter-carrier guardband is at least 925 kHz (considering guardband for 80 MHz channel bandwidth)
· intra-carrier guardband is 3 full RBs of 30 kHz SCS and 6 full RBs of 15 kHz SCS
· CORESET#0 of 48RB with 30 kHz SCS and 96 RB for 15 kHz SCS fits into RB-set of corresponding LBT sub-band
In Appendix A, Figure 9, Figure 10, Figure 11 and Figure 12 illustrate the applicable offset for different subbands in case of 20 MHz, 40 MHz and 80 MHz channel bandwidth, respectively, for 30 kHz SCS. In 20 MHz case (Figure 9) we consider three offsets, namely 0, 1 and 2, and show that offsets 0 and 2 can be used to cover all the cases. In other figures regarding 30 kHz SCS (i.e. Figure 10, Figure 11 and Figure 12), offsets 0 and 2 are used to show their validity. Figure 13 illustrates the applicable offsets for the subbands RB-set in case of 20 MHz for 15 kHz SCS showing that offsets 10 and 14 can be used to cover all the cases. 
Based on the analysis it can be observed that two RB offset values are needed, namely 0 and 2 for 30 kHz SCS, and 10 and 14 for 15 kHz SCS.
Observation 1: Two RB offset values, namely 0 and 2 for 30 kHz, and 10 and 14 for 15 kHz SCS, are needed to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.
Observation 2: One bit information is needed in MIB to signal the RB offset for locating CORESET#0.
Proposal 1: Two RB offset values, namely 0 and 2 in case of 30 kHz SCS, and 10 and 14 in case of 15 kHz SCS, are supported to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.
As known, SS/PBCH block transmission itself does not satisfy the OCB requirement. It has been agreed to allow other signals/channels to be multiplexed with SSB transmission, including RMSI PDSCH and CSI-RS as follows: 
	Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.



Minimum contiguous allocation for CSI-RS in Rel15 is 24 PRBs and allocation is configured as integer multiples of 4 PRBs and the reference point for the starting PRB is CRB 0 (Point A) on the common resource block grid. Now in the DRS including PDSCH to carry RMSI and assuming Rel15 functionality without possibility to rate match PDSCH carrying the RMSI, CSI-RS would need to be allocated either before or after the PDSCH allocation in the slot as shown in Figure 1. In Figure 1-6 we assume non-zero kSSB and RB offset 2 between CORESET#0 and SSB. 
[image: ]
[bookmark: _Ref16065886]Figure 1 Issue with CSI-RS configuration in DRS.
The unused resources (white area) in Figure 1, which do not fit CSI-RS, can be handled e.g. with the following options:
· Apply temporal allowance of not fulfilling OCB (PDSCH > 2 MHz)
· No spec impact
· gNB handles with implementation (transmits e.g. a reservation signal)
· No spec impact

However, neither of above makes the design efficient. 
The baseline DRS structure in Figure 1 provides 2850 (9 symbols x 12 REs/PRB x 25 PRBs/symbol – 25 PRBs/symbol x 6 REs for DMRS/PRB x 1 symbol for DMRS) REs supporting around 670 bits payload with the lowest MCS. It is noted that average RMSI payload can be around 900-1000 bits as discussed in [3] and that the baseline structure cannot support that. 
To support around 900-1000 bits RMSI payload one option would to be to define new SLIV entrie(s) to support the following structure (Figure 2) when the SSB is transmitted only in the first SSB position in the slot and CSI-RS can be used to fulfil OCB requirement. In another example, see Figure 3, with one symbol CORESET 0 size there would be possibility to allocate TRS (with extended CSI-RS symbol separation) within the DRS slot. Periodic CSI-RS and TRS can be configured to RRC connected UEs such that they align with slots of DRS window.
[image: ]
[bookmark: _Ref20904311]Figure 2 Example 1 of DRS structure to provide higher RMSI transmission capacity.
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[bookmark: _Ref20904389]Figure 3 Example 2 of DRS structure to provide TRS like CSI-RS configuration in DRS and higher RMSI transmission capacity. 
PDSCH allocation in above would provide 7 symbols x 12 REs/PRB x 48 PRBs/symbol – 48 PRBs/symbol x 6 REs for DMRS/PRB x 1 symbol for DMRS = 3744 REs. With lowest MCS that would provide room for to almost 900 bits payload and with the second lowest MCS over 1100 bits providing significant increase in RMSI transmission capacity. That would allow NR-U cell to provide typical RMSI payload size while still allowing slot-based DRS where RMSI can be transmitted in compact manner together with SSB.
To support RMSI delivery of up to 900bits with the lowest MCS and multiplexed in a slot with SSB, the default TDRA table for RMSI PDSCH allocation needs to be modified to support allocation K0=0, S=7 and L=7 which is currently not available. 
Proposal 2: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, introduce a new table entry (K0=0, S=7 and L=7) to default TDRA table.
RMSI in Scell for ANR procedure
Regarding RMSI in SCell the following agreement was made in RAN1#98bis:
	Working assumption:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
a. FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited



As considered by RAN4 in [6] there would be only one sync raster point per 20 MHz. Thus, there is no need to revisit the working assumption from that perspective. The UE could determine the CORESET#0 location for RMSI reception from RB offset signalled in off-sync SSB (PBCH payload) by applying the offset to the in-sync SSB position in the subband. I.e. the signalled RB offset in off-sync SSB would signal the RB offset between CORESET#0 and in-sync SSB in the subband. As we analyse in 2.1. two RB offsets are needed and could be signalled in PBCH payload (including MIB) using one bit.
Proposal 3: Confirm working assumption regarding RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster. RB offset in PBCH of off-sync SSB signals the RB offset between the CORESET#0 and in-sync SSB in the subband. 					
PRACH
Enhanced PRACH design
In RAN1#97 the following agreement was made:
	Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.



Based on the agreement above considered options include ones that do not fulfil the OCB requirement. On the other hand, the NR-U WID [2] lists the following PRACH related aspects to be specified:
	[bookmark: _Hlk16504329]Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	Physical layer aspects including [RAN1]:
  …
-	PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.




It’s understood that minimum bandwidth requirement given by regulation for the UL signal like PRACH in UE initiated COT is 80 % of Nominal Channel Bandwidth (20 MHz). Thus, as highlighted, new enhanced design of PRACH for NR-U should support bandwidth equal to or greater than 16 MHz. 
Observation 3: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 4: A new enhanced design shall support at least the following options
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139

Regarding to the enhanced design it’s noted that Rel15 supports up to 8 FDMed ROs [3GPP TS 38.331]:
	RACH-ConfigGeneric ::= SEQUENCE {
prach-ConfigurationIndex INTEGER (0..255),
msg1-FDM ENUMERATED {one, two, four, eight},
msg1-FrequencyStart INTEGER (0..maxNrofPhysicalResourceBlocks-1),
zeroCorrelationZoneConfig INTEGER(0..15),
preambleReceivedTargetPower INTEGER (-202..-60),
preambleTransMax ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
powerRampingStep ENUMERATED {dB0, dB2, dB4, dB6},
ra-ResponseWindow ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
...
}

msg1-FDM
The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2).



FDMed ROs are allocated consecutively in frequency as shown in Figure 4. UE transmits preamble in one RO (based on SSB association) while gNB detects preambles in each configured FDMed RO. Thus, from implementation perspective defining new PRACH preamble based on repetitions where each repetition follows the sequence mapping onto REs from Rel15 would be relatively straightforward.  
[image: ]
[bookmark: _Ref20232477]Figure 4 RACH configuration with 8 ROs FDMed.

Proposal 5: A new enhanced design of NR-U PRACH is preferably based on FDMed repetitions of length-139 sequence where repetitions are mapped similarly onto REs as in Rel15 (each length-139 sequence mapped onto length-144 frequency block).
In order to support configuration of the frequency repeated PRACH transmission a new higher layer parameter would be needed in RACH configuration to indicate the number of ROs grouped in frequency to be used for the RACH transmission.
Observation 4: A new higher layer parameter would be needed in RACH configuration to indicate the number of ROs grouped in frequency within a single LBT subband and in one time instance to be used for the RACH transmission. 
To reduce PAPR/CM for the repetition based PRACH design different repetitions may be utilizing phase shift and cyclic shift pattern as described in [5] and shown in Appendix B. In Figure 5 and Figure 6 we illustrate Cubic Metric comparison for the following cases:
· Figure 8: CCDF of Cubic Metric comparison with 30 kHz SCS for 1x139, 4x139 and 4x139 + phase shift and cyclic shift pattern based on [5].
· Figure 9: CCDF of Cubic Metric comparison with 15 kHz SCS for 1x139, 8x139 and 8x139 + phase shift and cyclic shift pattern based on [5].

From the results it can be observed that proposed scheme in [5] for the repetition can reduce Cubic Metric significantly compared to pure repetition based scheme and close to a single length-139 sequence:
· For 30 kHz SCS, @99th percentile CM for the 139x4 utilizing phase shift and cyclic shift pattern is 2.5 dB compared to 2.0 dB CM for the single sequence
· For 30 kHz SCS, @99th percentile CM for the 139x8 utilizing phase shift and cyclic shift pattern is 3. dB compared to 2.0 dB CM for the single sequence

Observation 5: CM for the frequency repeated PRACH sequence can be reduced significantly using the scheme in [5] compared to pure repetition based transmission. Difference to a single sequence is rather low especially with 30 kHz SCS. 
	[image: ]
[bookmark: _Ref23854178]Figure 5 CCDF of Cubic Metric comparison with 30 kHz SCS for 1x139, 4x139 and 4x139 + phase shift and cyclic shift pattern based on [5].
	[image: ]
[bookmark: _Ref23854179]Figure 6 CCDF of Cubic Metric comparison with 15 kHz SCS for 1x139, 8x139 and 8x139 + phase shift and cyclic shift pattern based on [5].



On RACH Occasion association
In Rel15 association is defined between actually transmitted SSBs (indicated via ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and RACH Occasions/preambles. In NR-U due to introduced cycling feature, there are 20 SSB positions which map to certain beam index as a function of Q as illustrated in Table 1.
[bookmark: _Ref23515476]Table 1 SSB to beam index mapping as a function of Q
[image: ]
Assuming Q=1, there would be actually 20 SSB positions for a one beam within a 5 ms half-frame. Following Rel15 logic there would be then 20 SSBs for which the RO(s) would be associated even with a single beam in use. Similarly, assuming Q = 4 there would be 20 SSB positions for up to four beams in use. In other words, there are 20 SSB positions independent of the Q (length of cycling) and actually transmitted beams. It would make sense to associate RO(s)/preambles to beams (actually in use) rather than to SSBs. Benefits would be 
· [bookmark: _GoBack]lower system overhead
· Assuming Q = 1, one RO associated to a beam would mean one time domain RO allocation per RACH period (period where each beam has an associated RO) while when one RO is associated to an SSB would mean 20 ROs allocation in time per RACH period 
· lower latency
· As beam cycle (up to 8) has a shorter cycle than SSB cycle (always 20), latency for the next available RO is shorter in beam based association compared to pure SSB based association
For the association between RACH RO(s)/preambles and a beam the UE would need to determine beam index corresponding to a detected SSB and take into account ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon for the knowledge of actually transmitted beams as shown in Figure 7.
[image: ]
[bookmark: _Ref23926400]Figure 7 RO / RO group association to actually transmitted beam.
Proposal 6: For NR-U, define association between actually transmitted beams (based on Q and ssb-PositionsInBurst) and ROs/preambles.
LBT gaps in RACH slot
Regarding PRACH preamble time domain allocation in NR-U within a RACH slot the following design principles are assumed/required:
· 16 or 25 us LBT gap before each RO where LBT length may be e.g. configured
· 100 us gap + 16 or 25 us LBT between end of DL and second RO in shared COT to qualify as paused COT
· ”Normal FFT” window setting can be used at gNB
· CP extension used to have a 16 or 25 us LBT gap
A RACH slot can be located within the gNB acquired shared COT and outside the COT. It’s preferred to have a common RACH slot structure for both. 
Figure 8 illustrates the corresponding design for NR-U PRACH formats A1 and A2 given the above design principles assuming 30 kHz SCS. Whereas Rel15 supports six A1 formats within a slot, in NR-U there would be four NR-U A1 formats and two NR-U A2 formats, respectively, within the slot.
Proposal 7: Within a PRACH slot, allocate 16 or 25 us (e.g. provided via configuration) LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.

[image: ]
[bookmark: _Ref23923143]Figure 8 NR-U PRACH Format A1 and A2 design within a RACH slot.

Conclusions
In this contribution, we have discussed details of initial access signals and channels design for NR-U, namely related to DRS and PRACH:
DRS:
Observation 1: Two RB offset values, namely 0 and 2 for 30 kHz, and 10 and 14 for 15 kHz SCS, are needed to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.
Observation 2: One bit information is needed in MIB to signal the RB offset for locating CORESET#0.
Proposal 1: Two RB offset values, namely 0 and 2 in case of 30 kHz SCS, and 10 and 14 in case of 15 kHz SCS, are supported to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.
Proposal 2: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, introduce a new table entry (K0=0, S=7 and L=7) to default TDRA table.
Proposal 3: Confirm working assumption regarding RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster. RB offset in PBCH of off-sync SSB signals the RB offset between the CORESET#0 and in-sync SSB in the sub-band. 		
PRACH:
Observation 3: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 4: A new enhanced design shall support at least the following options
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139
Proposal 5: A new enhanced design of NR-U PRACH is preferably based on FDMed repetitions of length-139 sequence where repetitions are mapped similarly onto REs as in Rel15 (each length-139 sequence mapped onto length-144 frequency block).
Observation 4: A new higher layer parameter would be needed in RACH configuration to indicate the number of ROs grouped in frequency within a single LBT sub-band and in one time instance to be used for the RACH transmission. 
Observation 5: CM for the frequency repeated PRACH sequence can be reduced significantly using the scheme in [5] compared to pure repetition based transmission. Difference to a single sequence is rather low especially with 30 kHz SCS. 
Proposal 6: For NR-U, define association between actually transmitted beams (based on Q and ssb-PositionsInBurst) and ROs/preambles.
Proposal 7: Within a PRACH slot, allocate 16 or 25 us (e.g. provided via configuration) LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.
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Appendix A
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[bookmark: _Ref23861224]Figure 9 Applicable CORESET#0 to SSB RB offsets for the different subbands in case of 20 MHz channel bandwidth for 30 kHz SCS. With offsets 0 and 2 all cases can be covered.
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[bookmark: _Ref23861228]Figure 10 Applicable CORESET#0 to SSB RB offsets for the different subbands in case of 40 MHz channel bandwidth for 30 kHz SCS.
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[bookmark: _Ref23861229]Figure 11 Applicable CORESET#0 to SSB RB offsets for the different subbands in case of 60 MHz channel bandwidth for 30 kHz SCS.
[image: ]
[bookmark: _Ref23861231]Figure 12 Applicable CORESET#0 to SSB RB offsets for the different subbands in case of 80 MHz channel bandwidth for 30 kHz SCS.
[image: ]
[bookmark: _Ref23861351]Figure 13 Applicable CORESET#0 to SSB RB offsets for the different subbands in case of 20 MHz channel bandwidth for 15 kHz SCS. With offsets 10 and 14 all cases can be covered.

Appendix B
Draft text proposal for generating the enhanced PRACH preamble using repetition in frequency as defined in [5]:
Draft TP for TS 38.211: 
================================= Start TP for TS 38.211 ================================
[bookmark: _Toc11324503]6.3.3.1	Sequence generation

The set of random-access preambles  shall be generated according to


from which the frequency-domain representation shall be generated according to









where  or  depending on the PRACH preamble format as given by Tables 6.3.3.1-1 and 6.3.3.1-2;  and  are given by Table 6.3.3.1-X, Table 6.3.3.1-Y, and Table 6.3.3.1-Z for a unlicensed band and , and andotherwise, wherein k is the index of PRACH transmission occasion within the bundled PRACH transmission occasion. 


Table 6.3.3.1-X: and  for  kHz or  kHz, and msg1-FDM-BundledSize-r16NRU is four.
	k
	

	


	0
	0
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	1
	1
	i

	2
	0
	i

	3
	1
	1





Table 6.3.3.1-Y:  and  for  kHz, and msg1-FDM-BundledSize-r16NRU is eight.
	k
	

	


	0
	0
	1

	1
	1
	i

	2
	0
	i

	3
	1
	-1

	4
	0
	-1

	5
	1
	i

	6
	0
	i

	7
	1
	1






Table 6.3.3.1-Z:  and  for  kHz, and msg1-FDM-BundledSize-r16NRU is two.
	k
	

	


	0
	0
	1

	1
	1
	1


============================== End TP for TS 38.211 ===================================
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9051 5234,88 5239,98 0 5230,2 5231,28 5230 5250 49 1280 50 920 51 560 0

9065 5255,04 5260,02 0 5250,36 5251,44 5250 5270 48 1440 49 1080 50 720 0

9079 5275,2 5280 11 5270,19 5271,27 5270 5290 49 1270 50 910 51 550 0

9093 5295,36 5299,98 11 5290,35 5291,43 5290 5310 48 1430 49 1070 50 710 0

9107 5315,52 5320,02 0 5310,84 5311,92 5310 5330 47 1920 48 1560 49 1200 1, 2

9232 5495,52 5500,02 0 5490,84 5491,92 5490 5510 47 1920 48 1560 49 1200 1, 2

9246 5515,68 5520 0 5511 5512,08 5510 5530 46 2080 47 1720 48 1360 2

9260 5535,84 5539,98 11 5530,83 5531,91 5530 5550 47 1910 48 1550 49 1190 1, 2

9274 5556 5560,02 11 5550,99 5552,07 5550 5570 46 2070 47 1710 48 1350 2

9287 5574,72 5580 0 5570,04 5571,12 5570 5590 49 1120 50 760 51 400 0

9301 5594,88 5599,98 0 5590,2 5591,28 5590 5610 49 1280 50 920 51 560 0

9315 5615,04 5620,02 0 5610,36 5611,44 5610 5630 48 1440 49 1080 50 720 0

9329 5635,2 5640 11 5630,19 5631,27 5630 5650 49 1270 50 910 51 550 0

9343 5655,36 5659,98 11 5650,35 5651,43 5650 5670 48 1430 49 1070 50 710 0

9357 5675,52 5680,02 0 5670,84 5671,92 5670 5690 47 1920 48 1560 49 1200 1,2

9371 5695,68

9385 5715,84 5719,98 0 5711,16 5712,24 5710 5730 46 2240 47 1880 48 1520 2

9402 5740,32 5745 11 5735,31 5736,39 5735 5755 48 1390 49 1030 50 670 0

9416 5760,48 5764,98 0 5755,8 5756,88 5755 5775 47 1880 48 1520 49 1160 1, 2

9430 5780,64 5785,02 0 5775,96 5777,04 5775 5795 46 2040 47 1680 48 1320 2

9444 5800,8 5805 0 5796,12 5797,2 5795 5815 46 2200 47 1840 48 1480 2

9458 5820,96 5824,98 0 5816,28 5817,36 5815 5835 46 2360 47 2000 48 1640 2

0, 2

RB offset 0 RB offset 2 RB offset 1
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9010 5175,84 5190 11 5170,83 5171,91 5170 5190 47 1910 49 1190 2

9037 5214,72 5230,02 0 5210,04 5211,12 5210 5230 49 1120 51 400 0

9065 5255,04 5269,98 0 5250,36 5251,44 5250 5270 48 1440 50 720 0

9093 5295,36 5310 0 5290,68 5291,76 5290 5310 47 1760 49 1040 2

9232 5495,52 5509,02 0 5490,84 5491,92 5490 5510 47 1920 49 1200 2

9260 5535,84 5550 11 5530,83 5531,91 5530 5550 47 1910 49 1190 2

9287 5574,72 5590,02 0 5570,04 5571,12 5570 5590 49 1120 51 400 0

9315 5615,04 5629,98 0 5610,36 5611,44 5610 5630 48 1440 50 720 0

9343 5655,36 5670 0 5650,68 5651,76 5650 5670 47 1760 49 1040 2

9371 5695,68 5710,02 11 5690,67 5691,75 5690 5710 47 1750 49 1030 2

9402 5740,32 5755,02 0 5735,64 5736,72 5735 5755 47 1720 49 1000 2

9430 5780,64 5794,98 11 5775,63 5776,71 5775 5795 47 1710 49 990 2

0, 2

RB offset 0 RB offset 2
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inter-carrier 

GB > 925 

[kHz]

8996 5155,68 5179,98 11 5150,67 5151,75 5150 5170 47 1750 49 1030 2

9010 5175,84 5220 11 5170,83 5171,91 5170 5190 47 1910 49 1190 2

9065 5255,04 5280 0 5250,36 5251,44 5250 5270 48 1440 50 720 0

9079 5275,2 5300 0 5270,52 5271,6 5270 5290 48 1600 50 880 0

9093 5295,36 5320,02 0 5290,68 5291,76 5290 5310 47 1760 49 1040 2

9218 5475,36 5500,02 0 5470,68 5471,76 5470 5490 47 1760 49 1040 2

9232 5495,52 5520 0 5490,84 5491,92 5490 5510 47 1920 49 1200 2

9246 5515,68 5539,98 11 5510,67 5511,75 5510 5530 47 1750 49 1030 2

9274 5556 5580 11 5550,99 5552,07 5550 5570 46 2070 48 1350 2

9287 5574,72 5599,98 0 5570,04 5571,12 5570 5590 49 1120 51 400 0

9301 5594,88 5620,02 0 5590,2 5591,28 5590 5610 49 1280 51 560 0

9315 5615,04 5629,98 0 5610,36 5611,44 5610 5630 48 1440 50 720 0

9343 5655,36 5680,02 0 5650,68 5651,76 5650 5670 47 1760 49 1040 2

9357 5675,52 5700 0 5670,84 5671,92 5670 5690 47 1920 49 1200 2

9402 5740,32 5764,98 0 5735,64 5736,72 5735 5755 47 1720 49 1000 2

9416 5760,48 5785.02 0 5755,8 5756,88 5755 5775 47 1880 49 1160 2

9430 5780,64 5805 11 5775,63 5776,71 5775 5795 47 1710 49 990 2

0, 2

RB offset 0 RB offset 2
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9010 5175,84 5179,98 11 5170,83 5171,91 5170 5190 47 1910 49 1190 2

9065 5255,04 5260,02 0 5250,36 5251,44 5250 5270 48 1440 50 720 0

9232 5495,52 5500,02 0 5490,84 5491,92 5490 5510 47 1920 49 1200 2

9287 5574,72 5580 0 5570,04 5571,12 5570 5590 49 1120 51 400 0

9343 5655,36 5659,98 0 5650,68 5651,76 5650 5670 47 1760 49 1040 2

9402 5740,32 5745 0 5735,64 5736,72 5735 5755 47 1720 49 1000 2

9458 5820,96 5824,98 11 5815,95 5817,03 5815 5835 46 2030 48 1310 2

0, 2

RB offset 0 RB offset 2
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so that full 6 RBs intra-
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inter-carrier 

GB > 925 
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#PRBs for CORESET#0 

so that full 6 RBs intra-

carrier GB

inter-carrier 

GB > 925 

[kHz]

8996 5155,68

9010 5175,84 5179,98 11 5170,995 5173,875 5170 5190 93 2075 95 1715 97 1355 12, 14

9024 5196 5200,02 11 5191,155 5194,035 5190 5210 92 2235 94 1875 96 1515 14

9037 5214,72 5220 0 5210,04 5212,92 5210 5230 98 1120 100 760 102 400 10

9051 5234,88 5239,98 0 5230,2 5233,08 5230 5250 98 1280 100 920 102 560 10

9065 5255,04 5260,02 0 5250,36 5253,24 5250 5270 97 1440 99 1080 101 720 10

9079 5275,2 5280 0 5270,52 5273,4 5270 5290 96 1600 98 1240 100 880 10, 12

9093 5295,36 5299,98 11 5290,515 5293,395 5290 5310 96 1595 98 1235 100 875 10, 12

9107 5315,52 5320,02 0 5310,84 5313,72 5310 5330 94 1920 96 1560 98 1200 12, 14

9232 5495,52 5500,02 0 5490,84 5493,72 5490 5510 94 1920 96 1560 98 1200 12, 14

9246 5515,68 5520 0 5511 5513,88 5510 5530 93 2080 95 1720 97 1360 14

9260 5535,84 5539,98 0 5531,16 5534,04 5530 5550 92 2240 94 1880 96 1520 14

9274 5556 5560,02 11 5551,155 5554,035 5550 5570 92 2235 94 1875 96 1515 14

9287 5574,72 5580 0 5570,04 5572,92 5570 5590 98 1120 100 760 102 400 0

9301 5594,88 5599,98 0 5590,2 5593,08 5590 5610 98 1280 100 920 102 560 0

9315 5615,04 5620,02 0 5610,36 5613,24 5610 5630 97 1440 99 1080 101 720 0

9329 5635,2 5640 0 5630,52 5633,4 5630 5650 96 1600 98 1240 100 880 0

9343 5655,36 5659,98 11 5650,515 5653,395 5650 5670 96 1595 98 1235 100 875 0

9357 5675,52 5680,02 0 5670,84 5673,72 5670 5690 94 1920 96 1560 98 1200 12, 14

9371 5695,68

9385 5715,84 5719,98 0 5711,16 5714,04 5710 5730 92 2240 94 1880 96 1520 14

9402 5740,32 5745 11 5735,475 5738,355 5735 5755 96 1555 98 1195 100 835 10, 12

9416 5760,48 5764,98 0 5755,8 5758,68 5755 5775 94 1880 96 1520 98 1160 12, 14

9430 5780,64 5785,02 0 5775,96 5778,84 5775 5795 93 2040 95 1680 97 1320 14

9444 5800,8 5805 0 5796,12 5799 5795 5815 92 2200 94 1840 96 1480 14

9458 5820,96 5824,98 0 5816,28 5819,16 5815 5835 92 2360 94 2000 96 1640 14

10, 14

RB offset 10 RB offset 14 RB offset 12
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