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1	Introduction
The Rel-18 “NR support for dedicated spectrum less than 5MHz for FR1” [1] includes the following objectives touching upon RAN1:
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· [bookmark: _Hlk111664567]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 
· [bookmark: _Hlk111664478]Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.



In this contribution we provide our initial views on the RAN1’s objective, which explicitly mentions the following physical channels and signals for identifying necessary changes (if any): SSB, PDCCH, CSI-RS/TRS, PUCCH, and PRACH.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Overview on the WID’s justification and use-cases 
[bookmark: _Hlk105582194]In our understanding, the Rel-18 WID on “NR support for dedicated spectrum less than 5MHz for FR1” encompasses three areas or use-cases that should be kept in mind while specifying the support of NR in spectrum that is “less than 5MHZ for FR1”:
· Future Railway Mobile Communication System (FRMCS): The WID mentions “The Future Railway Mobile Communication System (FRMCS) forms the basis for digitizing rail operations with the aim of increasing train path utilization and improving punctuality”
· “… 5G NR to operate in bandwidths <5 MHz (e.g., from around 3 MHz upwards) would enable parallel operation of FRMCS and GSM-R and massive infrastructure reuse”
· “FRMCS plays a key role in the automation of rail operations. It is anticipated that this will lead to a significant improvement in route utilization and thus also contribute to the reduction of greenhouse gases”
· Utilities: “Electric utilities, have many ways to enhance their operations, such as installing smart grid systems and using dedicated broadband spectrum to improve coverage, latency, and throughput”
· Public Safety: “While LTE supports many current mission critical strategies, the ultra-low latency capabilities of 5G will be necessary in the future to the CII”

[bookmark: _Toc118473303]The WID encompasses three areas or use-cases that should be kept in mind (e.g., simulation assumptions, metrics, targets, etc) towards specifying the support of NR in spectrum that is “less than 5MHZ for FR1”: FRMCS, Utilities, and Public Safety.
3	Overview on the physical channels and signals
As mentioned earlier, the RAN1 objective has listed several physical channels and signals towards identifying any potential need for changes. Below we elaborate on the physical channels and signals mentioned in the WID as to provide our initial views envisioning their support in NR spectrum “less than 5MHz for FR1.”
Moreover, in general the WID states a set of guidelines to be followed:
· “FDD spectrum in FR1”
· “Operate in spectrum allocations from approximately 3 MHz up to below 5 MHz”
· “Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix”
· “Identify and specify necessary changes to NR physical layer with minimum specification impact”

[bookmark: _Toc118193975]RAN1 needs to reach a common understanding on the wording “from approximately 3 MHz up to below 5 MHz”. 3MHz and 5MHz are proposed to be used as reference points towards performing analysis and evaluations on the physical channels and signals impacted by this WI.
In relation with the WID’s guidelines, for a SCS of 15 kHz and 5 MHz channel bandwidth, TS 38.101-1 (FR1) in Tables 5.3.2-1 and 5.3.3-1 show that the “Maximum transmission bandwidth configuration” is 25 NRBs whereas the “Minimum guardband” is 242.5 kHz. For supporting “spectrum allocations from approximately 3 MHz up to below 5 MHz,” (e.g., a 3 MHz channel bandwidth) it is foreseen that the “Maximum transmission bandwidth configuration” and the “Minimum guardband” will need to be recalculated by RAN4.
[bookmark: _Toc118473304]For a SCS of 15 kHz and 5 MHz channel bandwidth, TS 38.101-1 (FR1) in Tables 5.3.2-1 and 5.3.3-1 show that the “Maximum transmission bandwidth configuration” is 25 NRBs whereas the “Minimum guardband” is 242.5 kHz. 
[bookmark: _Toc118473305]For supporting a BW that is “less than 5 MHz” (e.g., a 3 MHz channel BW), it is foreseen that the “Maximum transmission bandwidth configuration” and the “Minimum guardband” will need to be specified by RAN4.
3.1	SSB in NR spectrum “less than 5 MHZ for FR1”
Today prior to Rel-18, SSB for NR overall has the following characteristics:
· In the time-domain SSB spans over 4 OFDM symbols.
· In the frequency-domain SSB spans over 240 subcarriers (See Figure 1).
· PSS/SSS encompasses 127 subcarriers
· PBCH encompasses 240 subcarriers
· One or more SSBs can be transmitted per SS burst according with Table 1.

	
Table 1: Maximum number of SSBs transmitted per SS burst
	
	
	Maximum number of SSBs per SS burst

	
	SCS (kHz)
	fc < 3GHz
	3GHz ≤ fc ≤ 6GHz
	6 GHz < fc

	Case A
	15
	4
	8
	

	Case B
	30
	4
	8
	

	Case C
	30
	4
	8
	

	Case D
	120
	
	
	64

	Case E
	240
	
	
	64
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Figure 1: SSB structure


Based on the SSB structure for NR as prior Rel-18, we have the following observations envisioning the support of SSB in NR spectrum “less than 5MHZ for FR1.”
[bookmark: _Toc118473306]The WID states specific guidelines for SSB: 1) “Reuse PSS/SSS specification without puncturing” and 2) “PBCH based on current design”.
[bookmark: _Toc118473307]Today’s SSB structure with 15 kHz SCS results in ~ 3.6 MHz occupancy in the frequency-domain, hence either applying a puncturing technique or an SSB structure modification will be needed for fulfilling the WID’s objective.
[bookmark: _Toc118193976][bookmark: _Hlk105769334]Before performing any modifications on the legacy SSB NR structure, RAN1 should evaluate whether puncturing SSB is feasible performance-wise as to be supported in NR spectrum “from approximately 3 MHz up to below 5 MHz”.
[bookmark: _Toc118473308]The puncturing on SSB is determined by the following elements: The number of RBs composing the reduced transmission bandwidth and their location within a given NR band, which will determine a set of candidate SSBs to consider depending on the location of the synchronization raster. Among those candidate SSBs only the one(s) preserving PSS and SSS unpunctured will remain to be considered.
· [bookmark: _Toc118473309]While PSS/SSS will be fully preserved, PBCH will be partially preserved, how much of PBCH will be preserved outside the PSS/SSS region will depend on the ultimate selection of the candidate SSB.

Figure 2 illustrates the presence of SSB within a reduced bandwidth in NR band n100 for: a) A reduced bandwidth located close to the lower boundary of n100, and b) A reduced bandwidth located close to the upper boundary of n100.
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Figure 2: SSB within a reduced bandwidth in NR band n100: (a) Reduced bandwidth located close to the lower boundary of band n100, (b) Reduced bandwidth located close to the upper boundary of band n100.

In both (a) and (b) we can observe that the “reduced bandwidth boundaries” and the location of SSB with respect to them determine the puncturing on SSB. That is, the part of SSB that ends-up outside the “reduced bandwidth boundaries” gets punctured. In (a) the upper part of SSB gets punctured, whereas in (b) the lower part of SSB gets punctured, but in both cases PSS and SSS are fully preserved (i.e., only PBCH got punctured).  
[bookmark: _Toc118193977]Towards performing puncturing evaluations on SSB, a set of simulation assumptions (accounting for the WID’s use-cases) are determined in RAN1:
· [bookmark: _Toc118193978]In line with the WID, PSS/SSS is not punctured but puncturing can be applied on PBCH.
· [bookmark: _Toc118193979]The puncturing is given by the reduced bandwidth, its location within a given NR band, and the candidate SSB(s) located within the reduced bandwidth (depends on the synchronization raster) that preserve PSS/SSS. 
· [bookmark: _Toc118193980]Accounting for the above, while PSS/SSS is fully preserved companies will also report how much of PBCH is preserved after puncturing.
· [bookmark: _Toc118193981]The “Transmission Bandwidth” is assumed to consists of [15 NRBs] for a 3MHz channel bandwidth.
In Annex 1, we have included preliminary performance evaluations upon applying puncturing on the legacy SSB NR structure (See Annex 1.2).
3.2	PDCCH in NR spectrum “less than 5MHZ for FR1”
The WID states “Identify and specify necessary minimum changes to PDCCH, … for functional support based on existing design, without optimization” [1]. PDCCH has a strong connection with CORESET 0, hence below we elaborate on both in sections 3.2.1 and 3.2.2 respectively.
3.2.1	PDCCH
Today prior to Rel-18, PDCCH for NR overall has the following characteristics:
· PDCCH is mapped to a specific CORESET.
· PDCCH occupies 1, 2, 4, 8, or 16 Control Channel Elements (CCEs).
· 1 CCE corresponds to 6 Resource Element Groups (REGs).
· 1 REG equals to 1 Resource Block (RB) in 1 OFDM symbol.
· The CCE-to-REG mapping depends on a specific time-frequency resource configuration of a CORESET that spans up to 3 symbols in the time-domain.
· The CCE-to-REG mapping can utilize one of the two following approaches:
· Interleaved mapping (Always applied in CORESET 0)
· Non-Interleaved mapping
3.2.1.1	CCEs 1, 2, 4, 8, and 16 when 
According with the WID [1], PDCCH needs to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz, therefore when , in principle only the highlighted entries in Figure 3a can fit into the above-mentioned reduced bandwidths.
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Figure 3a: Aggregation levels when , suitable for “spectrum allocations from approximately 3 MHz up to below 5 MHz”
3.2.1.2	CCEs 1, 2, 4, 8, and 16 when 
When , apparently only the highlighted entries in Figure 3b can fit into “spectrum allocations from approximately 3 MHz up to below 5 MHz”.
[image: ]
Figure 3b: Aggregation levels when , suitable for “spectrum allocations from approximately 3 MHz up to below 5 MHz”
3.2.1.3	1, 2, 4, 8, and 16 CCEs when 
When , it seems that only the highlighted entries in Figure 3c can fit into “spectrum allocations from approximately 3 MHz up to below 5 MHz”.
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Figure 3c: Aggregation levels when , suitable for “spectrum allocations from approximately 3 MHz up to below 5 MHz”
[bookmark: _Toc118473310]PDCCH is mapped to a specific CORESET. Thus, the highest “Aggregation level” that can be used depends on the resource blocks in the frequency domain according with “” and symbols “” in the time domain configured for a CORESET.
3.2.1	CORESET 0
As mentioned in the previous section, PDCCHs are transmitted in control resource sets (CORESETs) which span over one, two, or three contiguous OFDM symbols over multiple resource blocks (RBs). In frequency domain, a CORESET can span over one or multiple chunks of 6 RBs. For CORESETs other than CORESET  0, multiple chunks of 6 RBs can be either contiguous or non-contiguous, and the starting RB of a CORESET is determined based on clause 10.1 in [2]. On the other hand, CORESET  0 (which is configured and used during the initial access), can only have 24, 48, or 96 RBs. 
For CORESET 0 configured by the ControlResourceSetZero IE:
-	 and  are defined by clause 13 of [5, TS 38.213];
-	the UE may assume interleaved mapping 
-	; This variable refers to the REG bundle size.
-	; This variable refers to the Interleaver size.
-	
-	the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;
-	the UE may assume the same precoding being used within a REG bundle.
Moreover, CORESET 0 must be contiguous in frequency domain and only supports interleaved CCE-to-REG mapping [2].
· 

[bookmark: _Hlk500448813][bookmark: _Hlk500448903]REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET.
· For interleaved CCE-to-REG mapping, for  and  for . The interleaver is defined by 

Another important aspect to consider is that there is a close connection between the location in frequency of CORESET 0 and SSB, since CORESET 0 has an offset (i.e., “Offset (RBs)”) defined with respect to “Kssb offset” that in turn uses SSB as reference as depicted in Figure 4.
[bookmark: _Toc118473311]The puncturing on PDCCH in CORESET 0 will be determined by the puncturing applied on SSB, and the offset parameters “kssb” and “Offset (RBs)”.
[image: ]
Figure 4: Relationship between the location in frequency of CORESET 0 and SSB. 
Figure 5 illustrates the relationship between CORESET 0 and SSB within a reduced bandwidth in NR band n100 for: (a) A reduced bandwidth located close to the lower boundary of band n100, and (b) A reduced bandwidth located close to the upper boundary of band n100.
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Figure 5: Relationship between CORESET0 and SSB within a reduced bandwidth in NR band n100: a) Reduced bandwidth located close to the lower boundary of band n100, b) Reduced bandwidth located close to the upper boundary of band n100.
In Annex 1, we have included preliminary performance evaluations upon applying puncturing on the legacy NR PDCCH structure (See Annex 1.3).
[bookmark: _Toc118193986]Towards evaluating the puncturing impact on PDCCH in CORESET 0 which depends on the puncturing applied on SSB, a set of simulation assumptions on CORESET 0 and PDCCH (accounting for the WID’s use-cases) are determined in RAN1:
· [bookmark: _Toc118193987]CORESET 0
·  = 24, while  is obtained from Table 13-1 in TS 38.213.
· [bookmark: _Toc118193989]Interleaved mapping
· [bookmark: _Toc118193990] Interleaver size.
· [bookmark: _Toc118193991] REG bundle size.
· = [0].
· [bookmark: _Toc118193993]Normal cyclic prefix.
· [bookmark: _Toc118193994]Companies to report the offset parameters “kssb” and “Offset (RBs)”.
· [bookmark: _Toc118193995]PDCCH
· [bookmark: _Toc118193996]SCS = 15 KHz.
· [bookmark: _Toc118193997]The minimum number of RBs for CORESET 0 is 24 RBs. With this CORESET 0 size, the maximum supported “Aggregation Level” is 8. Aggregation Level = 8 is used for evaluation purposes.
3.3	CSI-RS/TRS in NR spectrum “less than 5 MHZ for FR1”
The Information Element (IE) CSI-FrequencyOccupation is used to configure the frequency domain occupation of a channel state information measurement resource (e.g. NZP-CSI-RS-Resource, CSI-IM-Resource) [3]. The following descriptions can be highlighted:
· nrofRBs: Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP.

· startingRB: PRB where this CSI resource starts in relation to common resource block #0 (CRB#0) on the common resource block grid. Only multiples of 4 are allowed (0, 4, ...).

[bookmark: _Toc118473312]For CSI-RS/TRS, in terms of “CSI-FrequencyOccupation” the current specification states that “the smallest configurable number is the minimum of 24 and the width of the associated BWP”.
[bookmark: _Toc118473313]For a bandwidth that is “Less than 5MHz” e.g., for a 3MHz bandwidth, the number of RBs will be less than 24 RBs (the exact number of RBs will depend on the decisions in RAN4). Thus, the “CSI-FrequencyOccupation” can be updated accordingly to maintain the same degree of flexibility.
[bookmark: _Toc118193998]For CSI-RS/TRS no puncturing is foreseen to be needed. Depending on the decisions to be taken in RAN4 on how many RBs will compose a bandwidth that “is less than 5 MHz,” the “CSI-FrequencyOccupation” can be updated accordingly (e.g., X RBs composing ~ 3MHz transmission bandwidth).
3.4	PUCCH in NR spectrum “less than 5 MHZ for FR1”
The physical uplink control channel (PUCCH) supports multiple formats as shown in Table 6.3.2.1-1 [4], which occupy resources in the frequency-domain as described in Table 2 (see “nrofPRBs”, the value is 1 when nrofPRBs is not present) [3].
Table 6.3.2.1-1: PUCCH formats.
	PUCCH format
	
Length in OFDM symbols 
	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2



Table 2: Frequency domain utilization of PUCCH formats from IE 
	PUCCH-format0 ::=                               SEQUENCE {
    initialCyclicShift                              INTEGER(0..11),
    nrofSymbols                                     INTEGER (1..2),
    startingSymbolIndex                             INTEGER(0..13)
}

PUCCH-format1 ::=                               SEQUENCE {
    initialCyclicShift                              INTEGER(0..11),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10),
    timeDomainOCC                                   INTEGER(0..6)
}

PUCCH-format2 ::=                               SEQUENCE {
    nrofPRBs                                        INTEGER (1..16),
    nrofSymbols                                     INTEGER (1..2),
    startingSymbolIndex                             INTEGER(0..13)
}

PUCCH-format3 ::=                               SEQUENCE {
    nrofPRBs                                        INTEGER (1..16),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10)
}

PUCCH-format4 ::=                               SEQUENCE {
    nrofSymbols                                     INTEGER (4..14),
    occ-Length                                      ENUMERATED {n2,n4},
    occ-Index                                       ENUMERATED {n0,n1,n2,n3},
    startingSymbolIndex                             INTEGER(0..10)



[bookmark: _Toc118473314]PUCCH in NR prior to Rel-18 supports multiple formats (i.e., 0, 1, 2, 3, and 4), for which the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the format. The flexibility of the PUCCH configurations in the frequency-domain suggest that in principle “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported with no impact on PUCCH.
[bookmark: _Toc118193999]RAN1 to confirm that PUCCH in “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported without additional specification impacts, since the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the PUCCH format.
3.5	PRACH in NR spectrum “less than 5 MHZ for FR1”

For PRACH, Tables 6.3.3.1-1 to 6.3.3.1-2 in TS 38.211 indicate the PRACH preamble formats available depending on the sequence length and SCS. Tables 6.3.3.1-1 covers  and  kHz, whereas Table 6.3.3.1-2 covers  and  kHz where  [4].
[bookmark: _Toc118473315]To support “spectrum allocations from approximately 3 MHz up to below 5 MHz,” if SCS is to be 15KHz for PRACH, then RAN1 should focus on PRACH preamble formats in Table 6.3.3.1-2.
Based on “Observation 12” at first glance only LRA =139 and LRA = 1151 would be the possible selectable choices, however according with TS 38.300 [5], LRA = 1151 can be used only for operation with shared spectrum channel access.
[bookmark: _Hlk106264941]Moreover, there is a relationship between the subcarrier spacings of PRACH and PUSCH which is given in Table 6.3.3.2-1 in TS 38.211 [4]. If “LRA =139” were the only possible selectable choice, and if the SCS for both PRACH and PUSCH is to be 15KHz then in principle there is only one entry to be considered Table 6.3.3.2-1 in TS 38.211.
[bookmark: _Toc118473316]There is a relationship between PRACH and PUSCH which is given in Table 6.3.3.2-1. If the SCS for both PRACH and PUSCH is to be 15KHz, then accounting for “Observation 12” it seems that only one entry in Table 6.3.3.2-1 is to be considered, and in that case, puncturing is not foreseen to be needed.
[bookmark: _Hlk106265606]Yet, Tables 6.3.3.2-2 to 6.3.3.2-4 determine the possible PRACH configurations in the time domain [4]. Due that the Rel-18 WI under discussion is for FR1 only and FDD, then in our understanding only Table 6.3.3.2-2 would need to be considered.
[bookmark: _Toc118473317]Tables 6.3.3.2-2 to 6.3.3.2-4 determine the possible PRACH configurations in the time domain. In our understanding only Table 6.3.3.2-2 would need to be considered since the Rel-18 WI is for FR1 and FDD only.
[bookmark: _Toc118194000]RAN1 to confirm that according with the WID’s guideline (e.g., FR1, 15KHz SCS, FDD, etc), the following is to be used as reference for supporting “spectrum allocations from approximately 3 MHz up to below 5 MHz”:
· [bookmark: _Toc118194001]PRACH preamble formats in Table 6.3.3.1-2 that apply for 15KHz SCS are to be considered.
· [bookmark: _Toc118194002]Accounting for the PRACH preamble formats to be considered, which entry or entries in Table 6.3.3.2-1 will be considered accounting for the relationship between PRACH and PUSCH.
· [bookmark: _Toc118194003]Depending on the PRACH preamble formats to be considered, PRACH may not be required to be punctured (If we restrict PRACH to only 15KHz, then the number of RBs is 12).
· [bookmark: _Toc118194004]Table 6.3.3.2-2 is the one to be considered for the possible PRACH configurations in the time domain since the Rel-18 WI is for FR1 and FDD only.
4	Other considerations
The Rel-18 WID on “NR support for dedicated spectrum less than 5MHz for FR1” encompasses three areas or use-cases (i.e., FRMCS, Utilities, Public Safety), hence RAN1 should discuss e.g., what are the “payload sizes”, throughput, and any other specific assumption that should be considered in each case towards performing evaluations.
[bookmark: _Toc118473318]This Rel-18 WI encompasses FRMCS, Utilities, and Public Safety. Hence RAN1 should discuss e.g., what are the “payload sizes”, throughput, and any other specific assumption that should be considered in each case towards performing evaluations.
[bookmark: _Hlk111665731]Moreover, the Rel-18 WID has listed some physical channels and signals (i.e., SSB, PDCCH, CSI-RS/TRS, PUCCH, and PRACH) to “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”. On this matter, other NR physical channels and signals not requiring puncturing may need to be investigated as well (e.g., link-budget wise) as to discard any potential “bottle neck” at the moment of operating in “spectrum allocations from approximately 3 MHz up to below 5 MHz”.
[bookmark: _Toc118473319]In addition to SSB, PDCCH, CSI-RS/TRS, PUCCH, and PRACH, other NR physical channels and signals not requiring puncturing may need to be investigated as well (e.g., link-budget wise) as to discard any potential “bottle neck” at the moment of operating in “spectrum allocations from approximately 3 MHz up to below 5 MHz”.
5	Conclusion 
Based on the discussion in the previous section we made the following observations:
Observation 1	The WID encompasses three areas or use-cases that should be kept in mind (e.g., simulation assumptions, metrics, targets, etc) towards specifying the support of NR in spectrum that is “less than 5MHZ for FR1”: FRMCS, Utilities, and Public Safety.
Observation 2	For a SCS of 15 kHz and 5 MHz channel bandwidth, TS 38.101-1 (FR1) in Tables 5.3.2-1 and 5.3.3-1 show that the “Maximum transmission bandwidth configuration” is 25 NRBs whereas the “Minimum guardband” is 242.5 kHz.
Observation 3	For supporting a BW that is “less than 5 MHz” (e.g., a 3 MHz channel BW), it is foreseen that the “Maximum transmission bandwidth configuration” and the “Minimum guardband” will need to be specified by RAN4.
Observation 4	The WID states specific guidelines for SSB: 1) “Reuse PSS/SSS specification without puncturing” and 2) “PBCH based on current design”.
Observation 5	Today’s SSB structure with 15 kHz SCS results in ~ 3.6 MHz occupancy in the frequency-domain, hence either applying a puncturing technique or an SSB structure modification will be needed for fulfilling the WID’s objective.
Observation 6	The puncturing on SSB is determined by the following elements: The number of RBs composing the reduced transmission bandwidth and their location within a given NR band, which will determine a set of candidate SSBs to consider depending on the location of the synchronization raster. Among those candidate SSBs only the one(s) preserving PSS and SSS unpunctured will remain to be considered.
	While PSS/SSS will be fully preserved, PBCH will be partially preserved, how much of PBCH will be preserved outside the PSS/SSS region will depend on the ultimate selection of the candidate SSB.
Observation 7	PDCCH is mapped to a specific CORESET. Thus, the highest “Aggregation level” that can be used depends on the resource blocks in the frequency domain according with “” and symbols “” in the time domain configured for a CORESET.
Observation 8	The puncturing on PDCCH in CORESET 0 will be determined by the puncturing applied on SSB, and the offset parameters “kssb” and “Offset (RBs)”.
Observation 9	For CSI-RS/TRS, in terms of “CSI-FrequencyOccupation” the current specification states that “the smallest configurable number is the minimum of 24 and the width of the associated BWP”.
Observation 10	For a bandwidth that is “Less than 5MHz” e.g., for a 3MHz bandwidth, the number of RBs will be less than 24 RBs (the exact number of RBs will depend on the decisions in RAN4). Thus, the “CSI-FrequencyOccupation” can be updated accordingly to maintain the same degree of flexibility.
Observation 11	PUCCH in NR prior to Rel-18 supports multiple formats (i.e., 0, 1, 2, 3, and 4), for which the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the format. The flexibility of the PUCCH configurations in the frequency-domain suggest that in principle “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported with no impact on PUCCH.
Observation 12	To support “spectrum allocations from approximately 3 MHz up to below 5 MHz,” if SCS is to be 15KHz for PRACH, then RAN1 should focus on PRACH preamble formats in Table 6.3.3.1-2.
Observation 13	There is a relationship between PRACH and PUSCH which is given in Table 6.3.3.2-1. If the SCS for both PRACH and PUSCH is to be 15KHz, then accounting for “Observation 12” it seems that only one entry in Table 6.3.3.2-1 is to be considered, and in that case, puncturing is not foreseen to be needed.
Observation 14	Tables 6.3.3.2-2 to 6.3.3.2-4 determine the possible PRACH configurations in the time domain. In our understanding only Table 6.3.3.2-2 would need to be considered since the Rel-18 WI is for FR1 and FDD only.
Observation 15	This Rel-18 WI encompasses FRMCS, Utilities, and Public Safety. Hence RAN1 should discuss e.g., what are the “payload sizes”, throughput, and any other specific assumption that should be considered in each case towards performing evaluations.
Observation 16	In addition to SSB, PDCCH, CSI-RS/TRS, PUCCH, and PRACH, other NR physical channels and signals not requiring puncturing may need to be investigated as well (e.g., link-budget wise) as to discard any potential “bottle neck” at the moment of operating in “spectrum allocations from approximately 3 MHz up to below 5 MHz”.
Observation 17	In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This results in an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PBCH.
Observation 18	Even if in the end there were an unavoidable performance degradation due to puncturing on PBCH, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).
Observation 19	In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This result is an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PDCCH in CORESET #0.
Observation 20	Even if in the end there were an unavoidable performance degradation due to puncturing on PDCCH in CORESET #0, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN1 needs to reach a common understanding on the wording “from approximately 3 MHz up to below 5 MHz”. 3MHz and 5MHz are proposed to be used as reference points towards performing analysis and evaluations on the physical channels and signals impacted by this WI.
Proposal 2	Before performing any modifications on the legacy SSB NR structure, RAN1 should evaluate whether puncturing SSB is feasible performance-wise as to be supported in NR spectrum “from approximately 3 MHz up to below 5 MHz”.
Proposal 3	Towards performing puncturing evaluations on SSB, a set of simulation assumptions (accounting for the WID’s use-cases) are determined in RAN1:
	In line with the WID, PSS/SSS is not punctured but puncturing can be applied on PBCH.
	The puncturing is given by the reduced bandwidth, its location within a given NR band, and the candidate SSB(s) located within the reduced bandwidth (depends on the synchronization raster) that preserve PSS/SSS.
o	Accounting for the above, while PSS/SSS is fully preserved companies will also report how much of PBCH is preserved after puncturing.
	The “Transmission Bandwidth” is assumed to consists of [15 NRBs] for a 3MHz channel bandwidth.
Proposal 4	Towards evaluating the puncturing impact on PDCCH in CORESET 0 which depends on the puncturing applied on SSB, a set of simulation assumptions on CORESET 0 and PDCCH (accounting for the WID’s use-cases) are determined in RAN1:
	CORESET 0
o	 = 24, while  is obtained from Table 13-1 in TS 38.213.
o	Interleaved mapping
	 Interleaver size.
o	 REG bundle size.
o	= [0].
o	Normal cyclic prefix.
o	Companies to report the offset parameters “kssb” and “Offset (RBs)”.
	PDCCH
o	SCS = 15 KHz.
o	The minimum number of RBs for CORESET 0 is 24 RBs. With this CORESET 0 size, the maximum supported “Aggregation Level” is 8. Aggregation Level = 8 is used for evaluation purposes.
Proposal 5	For CSI-RS/TRS no puncturing is foreseen to be needed. Depending on the decisions to be taken in RAN4 on how many RBs will compose a bandwidth that “is less than 5 MHz,” the “CSI-FrequencyOccupation” can be updated accordingly (e.g., X RBs composing ~ 3MHz transmission bandwidth).
Proposal 6	RAN1 to confirm that PUCCH in “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported without additional specification impacts, since the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the PUCCH format.
Proposal 7	RAN1 to confirm that according with the WID’s guideline (e.g., FR1, 15KHz SCS, FDD, etc), the following is to be used as reference for supporting “spectrum allocations from approximately 3 MHz up to below 5 MHz”:
	PRACH preamble formats in Table 6.3.3.1-2 that apply for 15KHz SCS are to be considered.
	Accounting for the PRACH preamble formats to be considered, which entry or entries in Table 6.3.3.2-1 will be considered accounting for the relationship between PRACH and PUSCH.
	Depending on the PRACH preamble formats to be considered, PRACH may not be required to be punctured (If we restrict PRACH to only 15KHz, then the number of RBs is 12).
	Table 6.3.3.2-2 is the one to be considered for the possible PRACH configurations in the time domain since the Rel-18 WI is for FR1 and FDD only.
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Annex 1: Preliminary performance evaluations upon puncturing legacy physical channels and signals
A1.1	General assumptions for performance evaluations upon applying puncturing on the legacy NR channel/signal structure
[bookmark: _Ref100280795][bookmark: _Ref101962011]Table 1: General assumptions for NR less than 5 MHz channel BW.
	Parameters
	Values

	# UE Tx chains
	1

	# UE Rx chains
	2

	# gNB Tx chains
	2

	# gNB Rx chains
	2

	Channel bandwidth
	3 MHz (15 PRBs, 15 kHz SCS)

	Carrier frequency
	900 MHz (representative for n100, n26, n28)



A1.2	Preliminary performance evaluations upon applying puncturing on the legacy SSB NR structure

Table 2: Assumptions for PBCH.
	[bookmark: _Hlk99716441]Parameter
	Value

	UE speed (km/h)
	40

	Channel model
	TDL-C 300 ns

	(Residual) frequency offset (UE)
	0.1 ppm

	SS burst set periodicity
	20 ms

	Precoder
	Precoder cycling

	Number of transmissions (shots)
	4

	BLER target
	1%




[image: ]
Figure A.1: BLER performance of punctured PBCH with puncturing. Note that PSS/SSS are not punctured.

Table 3: PBCH performance difference due to puncturing of SSB/PBCH
	Puncturing assumptions
	Performance difference in terms of SNR required to achieve 1% BLER (dB)

	1 RB from bottom, 4 RBs from top
	2.0



In Figure A.1, it is important to mention that for a given SNR value the same power per sub-carrier was assumed for both non-punctured and punctured PBCH. In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. If the same holds for 3-MHz carrier, then from a transmit power perspective there will be an automatic compensation on the 3-MHz carrier resulting in a higher DL PSD than e.g., 5-MHz carriers, implying that in principle the performance degradation due to puncturing would be alleviated/compensated. This effect can be observed by a link budget analysis where the total transmit power over the carrier bandwidth is taken into account, e.g., that the MIL of punctured PBCH in the 3 MHz-carrier can be maintained compared to that of non-punctured PBCH in the 5 MHz-carrier.
[bookmark: _Toc118473320]In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This results in an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PBCH.
Note also that even though some small performance degradation due to puncturing may be observed, such degradation may not result in the coverage bottleneck in the end when considering the overall link budget. Typically, for NR low band, PUSCH is the bottleneck channel and the coverage margin for PBCH is relatively large, e.g., up to 10 dB compared to PUSCH with reasonably high data rate, e.g., 1 Mbps (see, e.g., [6] for the 5-MHz BW). The same can be expected for the 3 MHz-carrier for PBCH and any minor performance degradation due to puncturing when it comes to the coverage margins. Thus, it is expected that small performance degradation due to puncturing will not result in the coverage bottleneck.
[bookmark: _Toc118473321]Even if in the end there were an unavoidable performance degradation due to puncturing on PBCH, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).
A1.3	Preliminary performance evaluations upon applying puncturing on the legacy NR PDCCH structure
Table 4: Assumptions for PDCCH CORESET 0.
	Parameter
	Value

	UE speed (km/h)
	40

	Channel model
	TDL-C 300 ns

	DCI payload
	40 bits + CRC

	Aggregation level (AL)
	8

	CORESET
	2 or 3 symbols x 24 PRBs

	CCE-to-REG bundle mapping
	Interleaved, size 2

	Precoding
	Precoder cycling at CCE level (REG bundle=6)

	BLER target
	1%



[image: ][image: ]
Figure A.2: BLER performance of AL8 PDCCH with puncturing on the 2-OFDM symbol CORESET #0. Note that the percentage of punctured CCEs of a PDCCH candidate in this example is 37.5%.

Table 5: AL8 PDCCH performance due to different puncturing of 2OS-CORESET#0
	Puncturing assumptions
	Performance difference in terms of SNR required to achieve at 1% BLER (dB)

	3 RBs from bottom, 6 RBs from top
	2.7



[image: ][image: ]
Figure A.3: BLER performance of AL8 PDCCH candidate (as shown on the left-hand side) with puncturing on the 3-OFDM symbol CORESET #0. Note that the percentage of punctured CCEs of a PDCCH candidate in this example is 31.25%.
Table 6: AL8 PDCCH performance difference due to puncturing of 3OS-CORESET#0
	Puncturing assumptions
	Performance difference in terms of SNR required to achieve at 1% BLER (dB)

	2 RBs from bottom, 7 RBs from top
	2.1



Similarly in Figures A.2 and A.3, it is important to mention that for a given SNR value the same power per sub-carrier was assumed for both non-punctured and punctured PDCCH in CORESET #0. Relying on what was mentioned in the previous section in terms of total transmit power, we have the following observation:
[bookmark: _Toc118473322]In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This result is an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PDCCH in CORESET #0.

Moreover, in terms of any potential foreseen coverage bottleneck we have the following observation.

[bookmark: _Toc118473323]Even if in the end there were an unavoidable performance degradation due to puncturing on PDCCH in CORESET #0, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).
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