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1 Introduction
In RAN Plenary #95e, a new WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved [1]. 
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.
This contribution discusses the necessary change on SSB, as well as for other channels for less than 5MHz dedicated spectrum. 
2 Clarification on design principle 
In WID [1], RAN 4 will specify system parameters for the associated dedicated spectrum. In our understanding, for dedicated spectrum, the design doesn’t not need to serve legacy UEs in the cell. However, who to ensure that legacy UEs cannot camp on the cell needs to be clarified. In our understanding, there are several potential assumptions or methods:
· Option 1:  Less than 5MHz will only be used for dedicated spectrums. For example, RAN 4 or the regulation will ensure that legacy UE cannot search for that cell.  Or, private network can ensure that no legacy UEs in the region of the cell. In this option, no RAN 1 impact is needed. 
· Option 2: The design needs to ensure that legacy UEs cannot detect the cell. For example, RAN 4 can design different sync raster locations to avoid legacy UEs to search the cell. However, this may still need RAN 1’s work to ensure those cells will not be treated as valid cell by legacy UEs during inter-cell measurement or when configured for a SCell located on the sync rasters of the dedicated spectrum.
· Option 3: Legacy UEs may be able to decode the SS/PBCH block for the dedicated spectrum, for example if the channel condition is good. However, legacy UEs can be barred in SIB1. 

On the other hands, for a UE that supports this feature (i.e., less than 5MHz NR system), whether this UE need to handle the case that some bands may be deployed with less than 5MHz NR system and no less than 5MHz NR system (including 5MHz). More specifically, when UE can obtain whether the channel bandwidth is less than 5MHz? Similarly, there are several potential assumptions or options, for example:
· Option A:  By UE implementation or deployment implementation. 
· For example, the UEs who supports less than 5MHz systems are customized UEs can only search for the system with less than 5MHz.
· In this option, no specification is needed.  
· Option B: UE can know the cell bandwidth by sync raster locations.
· In this option, RAN 4 will specify certain raster for less than 5MHz system so that UE can know the system band during cell search with different raster.
· Option C: By signaling.  
· In current NR system, for FR 1, UE obtains the bandwidth of COREST #0 in SS/PBCH block, and treats it as the bandwidth of initial DL BWP before received configuration in SIB1. However, because the minimal CORESET 0 bandwidth is 24RBs which is larger than 3MHz bandwidth. As discussed in the later section, if new design of CORESET 0 (other than truncation) is needed, UE needs to know the system bandwidth in SS/PBCH block or by blind detection for the different designs of CORESET 0.  
Different options may have impact on RAN 1’s design. Therefore, it is better to send RAN 4 LS to clarify the assumption to facilitate RAN 1’s design. 
Proposal #1: Send RAN 4 LS and CC to RAN 2, to RAN 4 to clarify: 
· Whether legacy UEs may try to camp on the dedicated spectrum and potentially decode the SSB? 
· Whether the UEs can know the bandwidth (less or no less than 5MHz bandwidth) of the dedicated spectrum by RAN 4 specifications, or UEs need to be indicated by signalling?

3 SS/PBCH Block
3.1 Design Principle
In legacy NR system, the design of SS/PBCH block and the associated CORESET#0 follow a high-level principle that for any channel with its frequency location specified in RAN4, the channel can always include a SS/PBCH block and its associated CORESET#0 transmitted within its channel bandwidth. Such principle guaranteed full flexibility for operator’s implementation – no restriction on the selection of channelization, and also challenged RAN4’s synchronization raster design and RAN1’s CORESET#0 configuration design. 
For the Rel-18 WI of smaller than 5 MHz minimum channel bandwidth, RAN1 and RAN4 shall first determine whether such high level principle is still followed in order to perform detailed analysis on which solution is reasonable. For example, if the principle does not need to be hold, RAN1 and RAN4 only need to guarantee some feasible locations of SS/PBCH block and its associated CORESET#0 within the dedicated spectrum without further optimization on the flexibility; while if the principle indeed need to be hold, RAN1 and RAN4 may need to carefully choose the synchronization raster entries and CORESET#0 frequency offsets such that every channel is able be implemented with a PCell. 

Based on above discussion, we have the following proposal to coordinate with RAN4. 
Proposal #2: Send a LS to RAN4, asking whether the following principle needs to be satisfied for the dedicated spectrum with smaller than 5MHz channel bandwidth: every channel is able to include a SS/PBCH block and its associated CORESET#0 transmitted within its channel bandwidth. 
3.2 Truncation of SS/PBCH Block
In legacy NR system, a SS/PBCH block occupies 240 subcarriers in the frequency domain, wherein PSS/SSS occupy 127 subcarriers, and PBCH occupies 240 subcarriers, as shown in Figure 1. For 15 kHz SCS, the bandwidth of SS/PBCH block is 3.6MHz, which is larger than the available bandwidth of the dedicated spectrum with minimum channel bandwidth assumed by approximately 3MHz. Therefore, only part of PBCH could be transmitted in the dedicated spectrum, and some method of truncation is needed. Considering reusing PSS/SSS as described in the WID, the bandwidth of SS/PBCH block after truncation shall be no smaller than 12 RBs, and its exact value can be further investigated based on RAN4’s decision on the minimum channel bandwidth. For example, 16 or 14 or 12 PRBs occupy 2.88MHz or 2.52MHz or 2.16MHz, respectively. 
In order to avoid blind detection of the SS/PBCH block structure and save the UE power consumption during SS/PBCH block detection, the truncation of PBCH needs to be predefined, including the number of PRBs of PBCH and the location of the PRBs within the SS/PBCH block. Moreover, for different frequency band with minimum channel bandwidth smaller than 5 MHz, it may or may not have the same value of the minimum channel bandwidth. Therefore, whether to define a single number of truncated PBCH needs to be further studied. If there is no strong motivation to support multiple SS/PBCH block bandwidth, it’s easier for implementation to support a unified structure for all frequency bands with minimum channel bandwidth smaller than 5 MHz. 
In order to achieve better performance, it is beneficial to support a larger bandwidth for SS/PBCH block; while on the other hand, the SS/PBCH block bandwidth also directly impacts the number of synchronization raster entries, if the same design principle from Rel-15 is followed. In this sense, the determination of the bandwidth for SS/PBCH block shall consider the tradeoff between PBCH detection performance and SS/PBCH block searching complexity.  
Proposal #3:  For dedicated band(s) with less than 5MHz channel bandwidth:
· Support truncation of RBs for PBCH in the SS/PBCH block;
· The SS/PBCH block structure after truncation is unified for all band(s) with less than 5MHz channel bandwidth;
· The bandwidth of SS/PBCH block after truncation needs to be discussed, taking into account the tradeoff between PBCH detection performance and SS/PBCH block searching complexity.
Regarding the truncation method, two possible options can be considered. For the first option, as shown in Figure 1(a), PBCH can be truncated from both the higher frequency and lower frequency. With this method, the center frequency for PSS/SSS and PBCH can be aligned, which can avoid RF retuning to receive PBCH after receiving PSS and SSS. For the second option, as shown in Figure 1(b), PBCH is truncated from the higher frequency only. With this method, if aiming for reusing the CORESET#0 configuration table with truncation on CORESET#0 bandwidth, smaller spec impact is expected. 
Proposal # 4:  Further study the two truncation options for SS/PBCH block:
· Option 1: Truncation of RBs from both the higher frequency and lower frequency;
· Option 2: Truncation of RBs from the higher frequency only.
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  (a) Option 1                                                            (b) Option 2
Figure 1 Illustration of options for truncation of RBs for PBCH.
4 CORESET #0
In current RAN 4 specification (TS38.101-1), n100, n8, n26 and n28 have minimal bandwidth of 5MHz. If RAN 4 defines new channel bandwidth for those bands, RAN 1 needs to clarify that whether Table 13-1 in TS 38.213 is reused for indicating the set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set (CORESET#0) when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz. The minimal bandwidth of CORESET #0 in NR system is 24 PRBs x 180kHz = 4.32MHz, which is larger than 3MHz. If the same table is reused, RAN1 needs to investigate how to fit the CORESET#0 bandwidth into the minimum channel bandwidth, e.g., adding the new CORESET#0 bandwidth or truncating existing CORESET#0 bandwidth. Alternatively, a new CORESET#0 configuration table for minimum channel bandwidth <5MHz can be designed.
Proposal # 5:  For resource configuration of CORESET#0 for less than 5MHz, two options can be considered:
· Option 1: Reuse Table 13-1 in TS 38.213 and investigate how to fit CORESET#0 bandwidth into the minimum channel bandwidth less than 5MHz;
· Option 2: Define a new CORESET#0 configuration table for the minimum channel bandwidth less than 5MHz.
In NR system, a UE determines PRB location of CORESET #0 based on an offset to the first PRB of the corresponding SS/PBCH block, wherein the offset is indicated in MIB as described in Table 13-1. If following Option 1 for CORESET#0 configuration, the truncated PRB location of CORESET #0 for dedicate spectrum can be also associated with the truncated PRB location of SS/PBCH block. For example, as shown in Figure 2, if the legacy SS/PBCH block and CORESET #0 are reused, the frequency location of the truncated CORESET #0 can be defined according to truncated SS/PBCH block, e.g., the lowest two PRBs of CORESET #0 was truncated as in Figure 2. Based on current search space design, two PRBs (i.e., CCE 0) of the first candidate of AL 4 and the candidate of AL 8 was punctured. It will have an impact on the performance of AL 8.  In order to obtain full PRBs of AL 8, a new CORESET #0 can be defined, with new PRB numbers, e.g., 16 PRBs and the reference of the starting position, e.g., to the truncated SSB/PBCH.  Alternatively, the lowest PRB index of legacy SS/PBCH block can be kept in the truncation. 
Proposal # 6: Further study the location of CORESET #0 for dedicated spectrum with less than 5MHz to support up to 8AL in CSS Type 0. 
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Figure 2 Illustration of CORESET#0 truncation jointly with SS/PBCH block truncation.
If following Option 2 for CORESET#0 configuration, to define the new CORESET#0 configuration, the maximum number of PRBs for less than 5MHz channel BW should be determined. Table 1 shows the maximum number of PRBs depending on the spectrum utilization. Considering 90% spectrum utilization for 5MHz channel BW 15RB for 3MHz BW and 20RB for 4MHz BW can be selected as the maximum number of PRBs for less than 5MHz channel BW.
Table 1 Spectrum utilization for different channel bandwidths. 
	Bandwidth [MHz]
	3
	4
	5

	Spectrum Utilization [%]
	80
	90
	95
	80
	90
	95
	90

	Max. # of PRB (15kHz SCS)
	13
	15
	15
	17
	20
	21
	25



The number of PRBs for CORESET#0 should be equal or less than the maximum number of PRBs. Therefore, if the one common value is assumed for CORESET#0 regardless channel BW from approximately 3 MHz up to below 5 MHz, probably 15 PRBs can be considered as the number of PRBs for CORESET#0 of less than 5MHz channel BW. e.g., the possible candidates of (# of PRBs, # of OFDM symbols) for CORESET#0 can be (15 PRB, 2 symbol), (12 PRB, 2 symbol), (12 PRB, 3 symbol) … 
Alternatively, different values of PRBs can be used according to the channel BW that is less than 5MHz. For example, if 20 PRBs is defined in the CORESET#0 table for less than 5MHz, it can be only applied for channel BW equal to or larger than 4MHz. 
Proposal # 7: When a new CORESET#0 configuration is defined for less than 5MHz channel BW, the followings should be considered.
· The maximum number of PRBs considering the spectrum utilization;
· Whether a common CORESET#0 configuration for less than 5MHz is applied regardless of minimum channel BW.

Due to the restriction on the maximum number of PRBs for less than 5MHz BW, the maximum number of AL can be supported for PDCCH is limited to AL 4 when CORESET#0 has frequency resources of less than 16 PRBs. This restriction can result in the performance degradation of PDCCH transmission over CORESET#0. As one alternative to address the performance degradation the new design of CORESET#0 for the dedicated spectrum (e.g., 4 OFDM symbols used for CORESET#0) can be considered to support the PDCCH of AL 8. However, the new design of CORESET#0 to support PDCCH of AL 8 would require a lot of specification efforts, and actually the issue of PDCCH performance for less than 5MHz BW is generally applied for all PDCCHs, not only Type0-PDCCH. On the other hand, considering the dedicated spectrum are in low frequency bands, and all the Tx transmission power will be allocated in the less than 5MHz bandwidth, which means the PSD per RB/RE can be higher than 5MHz system with same Tx transmission power. The link performance is expected to be the same. Therefore, there may not have DL coverage issue for PDCCH with maximal utilization of the RBs in the channel bandwidth.     
Proposal # 8: Discuss whether need to improve the performance of PDCCH transmission on less than 5MHz BW.
5 Other channel/signals
Various types of preamble format are defined for PRACH in Tables 6.3.3.1-1 and 6.3.3.1-2 in TS38.211[2]. For PRACH format 0/1/2/3, sequence length  and SCS  are used. For PRACH format A1/A2/A3/B1/B2/B3/B4/C0/C2, sequence length  and SCS  are used. 
Table 2 shows the band usage of PRACH preamble formats with different sequence length   and subcarrier spacing . Current PRACH format can support less than 5MHz bandwidth. There is no motivation to define new PRACH format. 
Table 2 Spectrum utilization for different channel bandwidths. 
	PRACH preamble format
	
	
	Band Usage (MHz)

	0/1/2
	839
	1.25 kHz
	1.04875

	3
	839
	5 kHz
	4.195

	A1/A2/A3/B1/B2/B3/B4/C0/C2
	139
	
	2.085

	
	1151
	
	17.265

	Note: it is restricted to 15kHz for the subcarrier spacing  used for dedicated spectrum less than 5MHz.



Proposal #9: Following PRACH preamble format that is no larger than the new channel bandwidth defined for dedicated spectrum less than 5MHz can be used. 
· PRACH preamble format 0/1/2;
· PRACH Preamble format A1/A2/A3/B1/B2/B3/B4/C0/C2 with sequence length .
Moreover, before RRC connection, PUCCH for Msg 4 uses the PUCCH resource configured in PUCCH-ConfigCommon in initialUplinkBWP. The bandwidth of initial uplink BWP is configured via a RIV indication locationAndBandwidth, ranging from 0 to 37949. Thus, the bandwidth of initial uplink BWP can be configured no larger than the dedicated spectrum less than 5MHz. In this case, legacy PUCCH configuration can be reused and the frequency range of PUCCH can be ensured within the 3MHz band. After RRC connection set up, a gNB can configure a dedicated BWP no larger than the channel band, and legacy PUCCH configuration can be reused. 
Proposal #10: No further change is needed for PUCCH to support dedicated spectrum less than 5MHz. 
In connected mode, the size of a BWP can be smaller than 5MHz whose bandwidth can be smaller than CSI-RS/TRS. Therefore, there is no need to change the configuration on current CSI-RS/TRS. 
Proposal #11: No further change is needed for CSI-RS/TRS to support dedicated spectrum less than 5MHz. 


6 Conclusion
This paper discussed design principle and the necessary specification changes for less than 5MHz spectrum. We proposed the following proposals:
Proposal #1: Send RAN 4 LS and CC to RAN 2, to RAN 4 to clarify: 
· Whether legacy UEs may try to camp on the dedicated spectrum and potentially decode the SSB? 
· Whether the UEs can know the bandwidth (less or no less than 5MHz bandwidth) of the dedicated spectrum by RAN 4 specifications, or UEs need to be indicated by signalling?

Proposal #2: Send a LS to RAN4, asking whether the following principle needs to be satisfied for the dedicated spectrum with smaller than 5MHz channel bandwidth: every channel is able to include a SS/PBCH block and its associated CORESET#0 transmitted within its channel bandwidth. 
Proposal #3:  For dedicated band(s) with less than 5MHz channel bandwidth:
· Support truncation of RBs for PBCH in the SS/PBCH block;
· The SS/PBCH block structure after truncation is unified for all band(s) with less than 5MHz channel bandwidth;
· The bandwidth of SS/PBCH block after truncation needs to be discussed, taking into account the tradeoff between PBCH detection performance and SS/PBCH block searching complexity.
Proposal # 4:  Further study the two truncation options for SS/PBCH block:
· Option 1: Truncation of RBs from both the higher frequency and lower frequency;
· Option 2: Truncation of RBs from the higher frequency only.
Proposal # 5:  For resource configuration of CORESET#0 for less than 5MHz, two options can be considered:
· Option 1: Reuse Table 13-1 in TS 38.213 and investigate how to fit CORESET#0 bandwidth into the minimum channel bandwidth less than 5MHz;
· Option 2: Define a new CORESET#0 configuration table for the minimum channel bandwidth less than 5MHz.
Proposal # 6: Further study the location of CORESET #0 for dedicated spectrum with less than 5MHz to support up to 8AL in CSS Type 0. 
Proposal # 7: When a new CORESET#0 configuration is defined for less than 5MHz channel BW, the followings should be considered.
· The maximum number of PRBs considering the spectrum utilization;
· Whether a common CORESET#0 configuration for less than 5MHz is applied regardless of minimum channel BW.
Proposal # 8: Discuss whether need to improve the performance of PDCCH transmission on less than 5MHz BW.
Proposal #9: Following PRACH preamble format that is no larger than the new channel bandwidth defined for dedicated spectrum less than 5MHz can be used. 
· PRACH preamble format 0/1/2;
· PRACH Preamble format A1/A2/A3/B1/B2/B3/B4/C0/C2 with sequence length .
Proposal #10: No further change is needed for PUCCH to support dedicated spectrum less than 5MHz. 
Proposal #11: No further change is needed for CSI-RS/TRS to support dedicated spectrum less than 5MHz. 
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