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[bookmark: _Toc116995841]Introduction
The work item on NR support for dedicated spectrum less than 5MHz for FR1 was approved at RAN#94-e, with the latest revision agreed at RAN#98e [1]. The WI relates to so called specialized networks, which are used to provide mission critical communications for industry verticals such as smart energy and infrastructure, public safety, and railway communications. This contribution discusses about the RRM impact of this work item and provides preliminary simulations with simulation assumptions. 
Objective: 
	4.1    Objective of SI or Core part WI or Testing part WI
The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.




RAN WG1 have started working on the WI NR support for dedicated spectrum less than 5MHz for FR1 at RAN1#111. The Appendix A contains the RAN1 agreements relevant to this WI. 
[bookmark: _Toc116995842]Discussion
Reduced Bandwidth < 5MHz – Number of resource blocks
While NR transmission bandwidths can be flexibly configured for most of the physical channels and signals, only limited transmission bandwidths are supported for PDCCH. Furthermore, SSB has a single Tx BW for each SCS. Hence, there is a need to consider what new transmission bandwidths are introduced in the sub-5 MHz WI, especially for SSB and PDCCH. RAN4 will introduce RF requirements for 3 MHz channel bandwidth according to the WID, and RRM part needs to also consider the impact of less than 5Mhz bandwidth. 
As defined in WID, RF requirements will be introduced for approximately 3 MHz channel bandwidth. LTE supports 15 RB transmission bandwidth on the 3 MHz channel bandwidth, with 0.9 spectrum utilization. As the NR uses the same 0.9 spectrum utilization for 5 MHz channel bandwidth, it is natural to assume that NR will support up to 15 RBs on the 3 MHz channel bandwidth. 
3 MHz channel bandwidth and maximum Tx BW of 15 RBs is sufficient for the use cases relevant for bands n8, n26 and n28. For these bands, there is no motivation to consider narrower max Tx BWs than 15 RBs; quite the contrary, due to coverage drawbacks of narrower BWs. When the available BW is between 3 MHz and less than 4 MHz (i.e. from 15 to 19 RBs), the UE may assume 3 MHz / 15 RB BW prior to SIB1 acquisition. In other words, 15-RB SSB should be considered. Detailed system parameter is discussed in System parameters of NR support for dedicated spectrum less than 5MHz for FR1 [2]
In [3], [4] UIC (International union of railways) states that roughly 10-14 GSM-R carriers are required for safe railway communications on band n100. 10-14 GSM-R carriers occupy 2–2.8 MHz leaving 3.6–2.8 MHz for the NR based FRMCS and necessary guard bands. While 15 RB BW is narrow enough to leave sufficient space for 10 GSM-R carriers, it is too wide to facilitate coexistence with 14 GSM-R carriers. Hence it is important to introduce a second narrower BW for SSB and PDCCH in addition to the 15 RB Tx BW discussed above. 12 or 13 RB BW can be considered as the optional second narrow BW, leaving a total of 640 kHz for the guard bands at the n100 band lower edge as well as between GSM-R and NR.
[bookmark: _Toc127567665]For FRMCS gradual migration, 3 MHz and 5 MHz channel bandwidths are sufficient from RF viewpoint, while it is important to support a larger set of L1 transmission bandwidths to facilitate co-existence with up to 14 GSM-R carriers on the n100 band.
[bookmark: _Toc127567666][bookmark: _Toc127516917]RAN4 can start the RRM impact analysis with 15 RBs and clarify the exact number (e.g., 16 or 15RBs) and other possible numbers when RAN1 agrees on them.   
Impact on NR Signals and Channels
SSB
Synchronization signal/PBCH block (SSB) is a core building block of the NR system. The SSB is used for initial cell search and selection, beam and cell measurements, radio link monitoring and new beam identification in the beam recovery procedure. The PBCH occupies bandwidth of 3.6 MHz, or 20 RBs, and the existing set of possible frequency positions for SSB is rather coarse for bandwidths below 5 MHz. The PBCH needs to be narrowed down to the desired transmission bandwidth. The exact PBCH adaptation scheme (e.g., puncturing) is currently being discussed by RAN1. Figure 1 illustrates the bandwidth of PBCH and SSS/PSS. 
[image: ]
[bookmark: _Ref127191940]Figure 1: BW of PSS / SSS and PBCH with 15KHz subcarrier spacing, no puncturing shown  
Primary and Secondary Synch signals
UE acquires time and frequency synchronization in a cell search procedure which then determines physical layer cell ID. The UE does this by searching for the PSS and SSS and decoding the PBCH. The 3GPP work item assumes that the current PSS/SSS design is reused without puncturing, which is possible as its bandwidth, 1.905 MHz, is narrower than the transmission bandwidths that need to be considered.
The SSB consists of Primary Synchronization Signal (PSS), Secondary Synchronization Signal (SSS) and Physical Broadcast Channel (PBCH) with related Demodulation Reference Signal (DMRS) for PBCH demodulation. Two challenges related to SSB can be identified: 
· PBCH occupies bandwidth of 3.6 MHz, or 20 PRBs, and PBCH needs to be narrowed down to the desired transmission bandwidth.  
[bookmark: _Toc127566888][bookmark: _Toc127566917][bookmark: _Toc127566995][bookmark: _Toc127567434][bookmark: _Toc127567667]PBCH occupies bandwidth of 3.6 MHz, or 20 PRBs, and PBCH needs to be narrowed down to the desired transmission bandwidth.
[bookmark: _Toc127455281][bookmark: _Toc127455327][bookmark: _Toc127455282][bookmark: _Toc127567668][bookmark: _Toc127455283]no impact on PSS / SSS is expected. Therefore PSS / SSS can be used without adaptation mechanism (e.g., puncturing)
PBCH Puncturing
Puncturing of the transmitted signal is considered as a solution with minimum change to narrow the transmission bandwidth. When considering puncturing of the PBCH to limit the bandwidth, it is evident that the detection performance will degrade compared to the non-punctured case. 
[bookmark: _Toc127567669]DMRS detection performance may degrade because of PBCH puncturing
[bookmark: _Toc127567670]PBCH decoding performance may degrade because of PBCH puncturing
In the following sections, we provide simulation for different transmission bandwidths (12, 14, 15, 18). As the RAN1 design is still open, we assume that the UE is aware of the Rx / Tx bandwidth. 
[bookmark: _Toc127567671]RAN4 PBCH puncturing impact will depend on RAN1 design. 
Impact of Puncturing on PBCH decoding 
In the PBCH decoding simulations, we assumed that the Tx bandwidth is known at the Rx side. 
	
Receiver BW
	Interference vs. PBCH PSD [dB]
	SNR @ 1% BLER

	
	
	12 RBs TX BW
	14 RBs TX BW
	15 RBs TX BW
	18 RBs TX BW
	20 RBs TX BW

	Same as Tx BW
	No interf.
	-0.9
	-3.1
	-4.0
	-5.4
	-6.3



Table 1: Required SNR for PBCH decoding with 1 % BLER for different puncturing options with and without UE awareness of the transmission bandwidth
[bookmark: _Toc127455287][bookmark: _Toc127567672][bookmark: _Toc127455007][bookmark: _Toc127455131][bookmark: _Toc127455178][bookmark: _Toc127455241][bookmark: _Toc127455288][bookmark: _Toc127455334][bookmark: _Toc127455289]RAN4 to evaluate the RRM impact due to PBCH decoding degradation
PBCH - DMRS detection results
The following tables show DMRS detection simulation results for different number of PRB without GSM interference. Due to reduced bandwidth, the DMRS detection has 2.7dB loss with 12PRB BW and 1.4dB loss with 15PRB BW. 
	TDL-C 300ns
	Required SNR for Pmd(1%)
	Relative loss of required SNR for Pmd(1%)

	 
	GSM interference not considered

	PBCH BW [PRB]
	-10
	-10

	12
	-6.81
	2.69

	14
	-7.91
	1.59

	15
	-8.09
	1.41

	18
	-9.09
	0.41


Table 2: Impact on DMRS Detection
[bookmark: _Toc127567673]There is negative performance impact of using less PRBs on PBCH DMRS detection. 2.7dB loss seen with 12PRB BW and 1.4dB loss with 15PRB BW. 
[bookmark: _Toc127455016][bookmark: _Toc127455140][bookmark: _Toc127455187][bookmark: _Toc127455250][bookmark: _Toc127455297][bookmark: _Toc127455343][bookmark: _Toc127567674]RAN4 to evaluate the impact on RRM requirements due to the PBCH-DMRS detection performance degradation.
[bookmark: _Toc127455018][bookmark: _Toc127455142][bookmark: _Toc127455189][bookmark: _Toc127455252][bookmark: _Toc127455299][bookmark: _Toc127455345][bookmark: _Toc126941782][bookmark: _Toc126942538][bookmark: _Toc127455019][bookmark: _Toc127455143][bookmark: _Toc127455190][bookmark: _Toc127455253][bookmark: _Toc127455300][bookmark: _Toc127455346][bookmark: _Toc126941784][bookmark: _Toc126942540][bookmark: _Toc127455020][bookmark: _Toc127455144][bookmark: _Toc127455191][bookmark: _Toc127455254][bookmark: _Toc127455301][bookmark: _Toc127455347]PDCCH 
The Physical Downlink Control Channel (PDCCH) is the control channel on which the UE receives fundamental scheduling and control information from the NR base station. As stated in [1], we should to “identify and specify necessary minimum changes for functional support based on existing design, without optimization”.
After the UE has detected PSS and SSS and demodulated the PBCH, the UE needs to acquire the SIB1. The UE reads the CORESET#0 configuration index from the MIB on the PBCH, which indicates time and frequency resource allocation parameters for the CORESET. Hence, there are limited configuration options for the CORESET#0 that is used for the Type0-PDCCH scheduling the transmission of SIB1. 
RAN1 is currently discussing about the changes needed to support reduced bandwidth during system information acquisition. In the current design, UE monitors PDCCH on resources spanning at least 4.32 MHz (i.e. 24 PRBs). Therefore, PDCCH changes are necessary to support NR in narrow spectrum allocations. 
[bookmark: _Toc127567675]CORESETs can be flexibly configured to the UE after the initial access but there are limited configuration options for the CORESET#0 that is used for the PDCCH scheduling the transmission of SIB1. 
[bookmark: _Toc127567676]During system information acquisition, UE monitors PDCCH on resources spanning at least 4.32 MHz (i.e., 24 PRBs). To support scenarios with narrower Tx BW, changes are needed. 
[bookmark: _Toc127455620][bookmark: _Toc127462413][bookmark: _Toc127516931][bookmark: _Toc127567677]PDCCH changes are necessary to support NR in narrow spectrum allocations. RAN4 shall evaluate PDCCH impact of reduced bandwidth to RRM requirements. 
[bookmark: _Toc127567678]15 RBs is sufficient for SSB and CORESET#0 for the 3MHz – 4Mhz (15 - 19 RBs) case. 
PDCCH Reduced BW is unavoidable with 3MHz channel bandwidth.
[bookmark: _Toc127516934]PDCCH performance impact
The need for puncturing varies according to the bandwidth available, CCE interleaving configuration and the number OFDM symbols in the CORESET. To see the performance limits for CCE puncturing we consider the scenario relying solely on CCE puncturing with interleaved CCE mapping.
The results show that puncturing an 8-CCE PDCCH down to 5 CCEs (i.e., 15 RBs) and to 4 CCEs (12 RBs) will cause a 0.9 dB loss and 2.0 dB loss, respectively, in MCL when compared to the non-punctured case. In the simulations, UE had prior knowledge of the punctured RBs, which is important for keeping the PDCCH performance degradation at a reasonable level. For RRC connected UEs, the knowledge can be made available for UE via RRC configuration, while for UEs without RRC configuration, the puncturing information can be derived from PBCH/MIB.
	
	CORESET#0 size in frequency

	
	12 RBs
	15 RBs
	18 RBs

	MCL loss [dB]
	2.0
	0.9
	0.7


[bookmark: _Ref118488512][bookmark: _Ref127197652]Table 3. PDCCH MCL loss due to puncturing [dB] @ 1% BLER (compared to aggregation of 8 CCEs) with interleaved CCE mapping.
Observation 12: Puncturing an 8-CCE PDCCH down to 5 CCEs (i.e., 15 RBs) and to 4 CCEs (i.e. 12 RBs) will cause a 0.9 dB loss and 2.0 dB loss, respectively, in MCL when compared to the non-punctured case in case of 2-symbol CORESET
As NR<5MHz may create a performance degradation for PDCCH compared to 5MHz scenario. Regarding to possible recovery in PDCCH performance the following agreements were made in RAN1#111:
	Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 


Table 4: RAN1 PDCCH agreements
[bookmark: _Toc127567679][bookmark: _Toc127450255][bookmark: _Toc127452935][bookmark: _Toc127452970][bookmark: _Toc127455032][bookmark: _Toc127455156][bookmark: _Toc127455203][bookmark: _Toc127455266][bookmark: _Toc127455313][bookmark: _Toc127455359][bookmark: _Toc127450256][bookmark: _Toc127452936][bookmark: _Toc127452971][bookmark: _Toc127455033][bookmark: _Toc127455157][bookmark: _Toc127455204][bookmark: _Toc127455267][bookmark: _Toc127455314][bookmark: _Toc127455360]RAN4 to consider the RRM impact of PDCCH detection performance of CORESET#0

CSI-RS
CSI-RS is configured with granularity of 4 RBs in frequency domain. This is rather coarse for a bandwidth of, e.g., 15 RBs for which the widest integer multiple of 4 RBs is 12 RBs. However, the CSI-RS can be allocated to cover entirely bandwidth parts that are not integer multiple of 4 RBs. That can be provided by configuring CSI-RS allocation that is wider in frequency domain than the corresponding bandwidth part. That is applicable for CSI-RS for tracking and CSI-RS for L1-RSRP/SINR and CSI acquisition as shown in the following. Exception is for the CSI-RS for mobility that is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size.
The following CSI-RS types should be evaluated from the RRM point of view 
· CSI-RS for tracking – No impact expected 
· CSI-RS for L1-RSRP/SINR and CSI acquisition – No impact expected 
· CSI-RS for mobility – Minimum configurable BW is 24 PRBs 
CSI-RS for mobility (TS 38.331 CSI-RS-CellMobility) has configurable bandwidth with minimum bandwidth being 24 PRBs. 
[bookmark: _Toc127567680]CSI-RS for mobility is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
One possibility to avoid any RRM configuration changes is to consider performing RRM measurements based on the SSBs without explicitly configured CSI-RS for mobility signals. Currently the discussion is ongoing in RAN1, and there are no agreements regarding the support of CSI-RS for mobility. 
[bookmark: _Toc127567681]RAN4 to wait for RAN1 before proceeding on CSI-RS for mobility 
Exception is for the CSI-RS for mobility that is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size [3GPP TS 38.331, 3GPP TS 38.214, section 5.1.6.1.3]:
	CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}




Simulation Assumptions
In this contribution, we provide preliminary simulations for DMRS detection, DMRS demodulation, and PDCCH detection loss due to puncturing. The assumptions used in the simulations are listed in the Appendix B of this paper. Companies are encouraged to perform simulations to support the RAN4 work item proposals and to better understand the performance impact, and mitigation mechanisms of the reduced bandwidth. 
[bookmark: _Toc127567682]RAN4 to study with simulations the performance impact of the reduced bandwidth 


Expected RRM impact 
	RRM Section
	Expected impact 

	Idle / inactive Mobility
	· RAN4 to discuss the impact on Idle/Inactive mobility 

	Connected mobility:

	· RAN4 to discuss the impact on  connected mobility
· RRC re-establishment / RRC release with redirection (e.g., SI impact) 

	Measurement procedure

	· Time Index Detection impact
· CSI-RS impact (24 RBs to 12/15 RBs)
· L1-RSRP, L1-SINR etc 

	RLM / CBD / BFD 
	· RAN4 to discuss the impact of PDCCH changes to RLM/CBD/BFD

	Time Index Detection
	· RAN4 to discuss the impact of PBCH-DMRS degradation to Time index detection


[bookmark: _Toc116995848]Conclusion
In this paper, we analysed the new WI of less than 5Mhz and the impact to RAN4 RRM specification. The following Observations and Proposals were made:
Observation 1: For FRMCS gradual migration, 3 MHz and 5 MHz channel bandwidths are sufficient from RF viewpoint, while it is important to support a larger set of L1 transmission bandwidths to facilitate co-existence with up to 14 GSM-R carriers on the n100 band.
Proposal 1: RAN4 can start the RRM impact analysis with 15 RBs and clarify the exact number (e.g., 16 or 15RBs) and other possible numbers when RAN1 agrees on them.
Observation 2: PBCH occupies bandwidth of 3.6 MHz, or 20 PRBs, and PBCH needs to be narrowed down to the desired transmission bandwidth.
Observation 3: no impact on PSS / SSS is expected. Therefore PSS / SSS can be used without adaptation mechanism (e.g., puncturing)
Observation 4: DMRS detection performance may degrade because of PBCH puncturing
Observation 5: PBCH decoding performance may degrade because of PBCH puncturing
Observation 6: RAN4 PBCH puncturing impact will depend on RAN1 design.
Proposal 2: RAN4 to evaluate the RRM impact due to PBCH decoding degradation
Observation 7: There is negative performance impact of using less PRBs on PBCH DMRS detection. 2.7dB loss seen with 12PRB BW and 1.4dB loss with 15PRB BW.
Proposal 3: RAN4 to evaluate the impact on RRM requirements due to the PBCH-DMRS detection performance degradation.
Observation 8: CORESETs can be flexibly configured to the UE after the initial access but there are limited configuration options for the CORESET#0 that is used for the PDCCH scheduling the transmission of SIB1.
Observation 9: During system information acquisition, UE monitors PDCCH on resources spanning at least 4.32 MHz (i.e., 24 PRBs). To support scenarios with narrower Tx BW, changes are needed.
Proposal 4: PDCCH changes are necessary to support NR in narrow spectrum allocations. RAN4 shall evaluate PDCCH impact of reduced bandwidth to RRM requirements.
Proposal 5: 15 RBs is sufficient for SSB and CORESET#0 for the 3MHz – 4Mhz (15 - 19 RBs) case.
Proposal 6: RAN4 to consider the RRM impact of PDCCH detection performance of CORESET#0
Observation 11: CSI-RS for mobility is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size.
Proposal 7: RAN4 to wait for RAN1 before proceeding on CSI-RS for mobility
Proposal 8: RAN4 to study with simulations the performance impact of the reduced bandwidth
[bookmark: _Toc116995849]
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Appendix A: RAN1 agreements

	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS
Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS
[bookmark: _Hlk119584988]Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.
Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Conclusion
[bookmark: OLE_LINK7]No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable
Agreement
Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.
Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.
Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 
Agreement
[bookmark: OLE_LINK16]Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified




Appendix B: Simulation Assumptions 
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	900MHz

	Subcarrier spacing
	kHz
	15 kHz; 


	Number of Tx antennas
	-
	1

	Number of Rx antennas
	-
	2 

	Channel model  
	- 
	TDL-C 300ns 3km/h (preliminary channel model used) NLOS, lower speed scenario

	DMRS
	- 
	3GPP NR PBCH DMRS

	Other assumptions
	
	Tx BW known at Rx side 
Rx BW known at TX side

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	Baseline 0.9 

	PBCH symbols within the SS block
	 
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	Baseline 0 

	PBCH power offset with respect to PBCH-DMRS
	dB
	0 

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0 

	PSS and SSS sequences
	-
	No changes expected 

	PBCH-DMRS sequences
	-
	No changes expected

	PBCH-DMRS RE positions within the PBCH resource
	-
	No changes expected except for puncturing impact

	PBCH Channel coding
	 
	No changes expected to actual Channel coding
(Polar code with 512 length and 24bit CRC)

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (CRC 24bit) | FFS

	PBCH SNR
	dB
	-10: 0 dB, with 1 dB spacing

	Propagation Condition 
	-
	FR1:
AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns

	UE speed
	 
	FR1: 3 km/h, Higher speeds FFS


	Detection Method
	 
	One shot detection (No combination for different PBCHs)

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned
	 
	 


Annex B: Simulation assumptions
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