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Introduction
A new WID has been approved with the following objectives [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.
· 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.



In this contribution, we share our views on necessary modification to PBCH, PDCCH, TRS, and PRACH.
Discussion
Number of PRBs
To identify what specification changes may be required, the minimum number of PRBs to be supported in the dedicated spectrum less than 5MHz should be decided as early as possible. 
In LTE, the number of RBs for CBW=3MHz is 15. But for NR, the number of RBs for resource allocation is often an even integer. For example, the nominal RBG size for PDSCH resource allocation Type0 is 2 or 4 for BWP with RB number not larger than 36. In addition, the number of RBs for CORESET#0 configurations in Tables 13-1 to 13-10A is 24, 48, or 96. The minimum number of RB-symbol for current CORESET#0 configurations is 48. 
Observation 1: For DL resource allocation Type0, the RBG sizes are 2 and 4 for BWPs with sizes from 1 to 36 RBs. Both supported RBG sizes are even integers. 
Observation 2: Numbers of total RB-Symbols currently supported for CORESET#0 are multiple of 24 RB-Symbols. The minimum number of RB-symbols is 48. 
Observation 3: If 16RBs is supported in CBW=3MHz, 48 RB-symbols can be achieved by CORESET#0 with 16RBs and 3 symbols. 
[bookmark: _Ref118666555]Proposal 1: Support 16RBs (instead of 15RBs as in LTE) as the minimum number of PRBs for dedicated spectrum less than 5MHz to minimize specification impact. Send LS to RAN4 for confirmation. 

PBCH
By assuming 16RBs available with CBW=3MHz, link-level simulations with punctured PBCH were conducted. Specifically, we evaluated the performance with 4RBs punctured from PBCH from (1) the top and the bottom (2) from the top, and (3) from the bottom and compared their performance to full 20RB reception of PBCH. The detailed simulation assumptions can be found in Appendix A. 
The required SNR values are summarized in Table 1for the target BLER of 1%. The detailed BLER versus SNR curves are plotted in Figure 1. Compared to full PBCH reception, there are about 1.7 to 2.6 dB SNR losses with punctured PBCH receptions without soft combining. The losses range from 1.2 to 2.55 dB when soft combining up to four receptions is performed. 
From the simulation results, we make the following observations and proposals. 
Observation: Upper 16RB reception has the worst performance among the evaluated three PBCH puncturing patterns: middle 16RB reception, lower 16RB reception, and upper 16RB reception. 
[bookmark: _Ref118666570]Proposal 2: Support PBCH puncturing in the RB level granularity for SSB transmission in spectrum with less than 20RBs.  
[bookmark: _Ref118666576]Proposal 3: When the number of RBs in a carrier bandwidth, say N, is less than 20PRBs for full PBCH transmission, select from the following options:
· Option 1: gNB punctures the upper (20-N)/2 RB(s) and the lower (20-N)/2 RB(s) in PBCH
· Option 2: gNB punctures the upper 20-N RB(s) in PBCH 
· Option 3: which RBs to be punctured by gNB are defined in specification for supported CBWs and RBs

[bookmark: _Ref118661216]Table 1: Required SNR for 1% BLER with different PBCH puncturing patterns in the granularity of RB with the assumption that the number of RBs available in CBW=3MHz is 16. 
	Required SNR at 1% BLER (d)B
	With soft combining up to 4 reception
	No soft combining (i.e., one-shot decoding)

	Full reception of 20 PRBs
	-4.43
	0.81

	Reception of middle 16 PRBs
	-3.24
	2.49

	Reception of lower 16 PRBs
	-3.17
	2.46

	Reception of upper 16 PRBs 
	-1.88
	3.39
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[bookmark: _Ref118661379]Figure 1: PBCH BLER performance for different puncturing locations (in the granularity of 2RBs) without and with soft combining

PDCCH
In the current NR specification, the minimum number of RBs for CORESET#0 is 24 which cannot be confined within 16RBs when CBW is 3MHz. Instead of puncturing RBs from current CORESET#0 designs, we should consider designing a new CORESET#0 configuration table to support bands with minimum channel bandwidth 3MHz. 
[bookmark: _Ref118666599]Proposal 4: Add a new table for specifying RB location and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz. 

Since the currently supported RB-symbol numbers for CORESET#0 are 48, 72, 96 and 192, CORESET#0 of 12, 16, and 24 RBs can be considered in CBW=3MHz where only 16RBs are available. 
[bookmark: _Ref118666609]Proposal 5: For dedicated spectrum from 3MHz to 5MHz, support CORESET#0 with 12, 16, and 24 RBs. 
[bookmark: _Ref118666618]Proposal 6: For dedicated spectrum less than 5MHz, support CORESET#0 with 1, 2, and 3 symbols. FFS: 4 symbols. 

TRS
The minimum number of PRBs supported for TRS configuration is 24 in the current specification as follows. Therefore, it needs to be reduced to 16RBs to be confined within 3MHz CBW. 
TRS-ResourceSet-r17 ::=                SEQUENCE {
    powerControlOffsetSS-r17               ENUMERATED {db-3, db0, db3, db6},
    scramblingID-Info-r17                  CHOICE {
        scramblingIDforCommon-r17              ScramblingId,
        scramblingIDperResourceListWith2-r17   SEQUENCE (SIZE (2)) OF ScramblingId,
        scramblingIDperResourceListWith4-r17   SEQUENCE (SIZE (4)) OF ScramblingId,
    ...
    },
    firstOFDMSymbolInTimeDomain-r17            INTEGER (0..9),
    startingRB-r17                             INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs-r17                                INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ssb-Index-r17                              SSB-Index,
    periodicityAndOffset-r17                   CHOICE {
        slots10                                    INTEGER (0..9),
        slots20                                    INTEGER (0..19),
        slots40                                    INTEGER (0..39),
        slots80                                    INTEGER (0..79)
    },
    frequencyDomainAllocation-r17              BIT STRING (SIZE (4)),
    indBitID-r17                               INTEGER (0..5),
    nrofResources-r17                          ENUMERATED {n2, n4}
}

[bookmark: _Ref118666632]Proposal 7: The minimum number of PRBs for TRS is reduced from 24 to 16.  

PRACH
Many preamble formats have been proposed for NR PRACH. Preamble formats with ZC sequence lengths of 839 and 113 were proposed in Rel-15. In Rel-16, lengths of 1151 and 571 were further proposed for unlicensed operation to meet OCB (occupied channel bandwidth) requirement. 
Preamble formats with L=113 in Table 6.3.3.1-2 of TS 38.211 require 12RBs and can be confined within 3MHz with 15kHz SCS. Preamble formats 0~2 with L=839 and SCS=1.25kHz in Table 6.3.3.1-2 of TS 38.211 are confined within 3MHz as well. The issue is with preamble format 3 which has length of 839 and SCS of 5kHz and requires about 4.2MHz. RAN1 should further discuss whether and how to support Preamble format 3 when CBWs are less than 24RBs. 
[bookmark: _Ref118666638]Proposal 8: Only L=839 and L=113 preamble formats are supported for dedicated spectrum less than 5MHz with SCS = 15kHz. 
· FFS: Whether/how to support Preamble format 3 with L=839 and SCS=5kHz in CBWs less than 24RBs 

Conclusions 
In this contribution, we have made the following proposals. 
Proposal 1: Support 16RBs (instead of 15RBs as in LTE) as the minimum number of PRBs for dedicated spectrum less than 5MHz to minimize specification impact. Send LS to RAN4 for confirmation.
Proposal 2: Support PBCH puncturing in the RB level granularity for SSB transmission in spectrum with less than 20RBs.
Proposal 3: When the number of RBs in a carrier bandwidth, say N, is less than 20PRBs for full PBCH transmission, select from the following options:
· Option 1: gNB punctures the upper (20-N)/2 RB(s) and the lower (20-N)/2 RB(s) in PBCH
· Option 2: gNB punctures the upper 20-N RB(s) in PBCH 
· Option 3: which RBs to be punctured by gNB are defined in specification for supported CBWs and RBs

Proposal 4: Add a new table for specifying RB location and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz.
Proposal 5: For dedicated spectrum from 3MHz to 5MHz, support CORESET#0 with 12, 16, and 24 RBs.
Proposal 6: For dedicated spectrum less than 5MHz, support CORESET#0 with 1, 2, and 3 symbols. FFS: 4 symbols.
Proposal 7: The minimum number of PRBs for TRS is reduced from 24 to 16.
Proposal 8: Only L=839 and L=113 preamble formats are supported for dedicated spectrum less than 5MHz with SCS = 15kHz.
· FFS: Whether/how to support Preamble format 3 with L=839 and SCS=5kHz in CBWs less than 24RBs 
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Appendix A: PBCH link-level simulation assumptions 
	Parameters
	Value

	Scenario and frequency
	Rural: 700MHz (FDD)

	SCS
	Rural: 15kHz

	Channel model 
	TDL-C, NLoS

	Delay spread
	300ns

	UE velocity
	3km/hr

	# of gNB TX chains
	Rural (15kHz SCS)

	# of gNB RX chains
	Rural (15kHz SCS)

	PBCH RBs 
	1. Full reception of 20RBs (i.e. no puncturing)
2. Reception of 16RBs in the middle (i.e. puncturing the two RBs on the top and in the bottom)
3. Reception of 16RBs in the bottom (i.e., puncturing the four RBs on the top)
4. Reception of 16RBs on the top (i.e., puncturing the four RBs in the bottom)

	PBCH soft combining
	1. Without soft combining (one-shot decoding)
2. With soft combining of up to 4 receptions 

	Target BLER
	1%
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