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1 Introduction
In RAN#95e meeting, a revised WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved [1]. It focuses on market request from vertical industry with the operator bandwidth less than 5MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In those above deployment scenarios, the possible available bandwidth for NR operation is 2.8~3.6 MHz for FRMCS or 3MHz for smart grids and Public Safety.
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· 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, n106, n26, n28 and n85:
· 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, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
Specify necessary UE/BS performance requirements for NR operation in dedicated FDD FR1 spectrum allocations from approximately 3MHz up to below 5MHz, corresponding to the core requirements:
· Specify necessary RRM performance requirements (RAN4)
· Specify necessary UE demodulation performance and CSI reporting requirements (RAN4)
· Specify necessary BS demodulation performance requirements (RAN4)
· Specify necessary BS conformance tests (RAN4)


In this document, we focus on the RAN4 demodulation aspects and discuss the potential enhancement for the dedicated spectrum less than 5MHz. 
2 Discussion
2.1 PUSCH requirements
Considering maximum transmission bandwidth has defined the number of NRB for 3MHz in existing . 
The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in following Table 5.3.2-1 [2].
Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40 
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	N/A
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135



Hence, to make sure the integrity of RAN4 demodulation performance. We can consider defining 3MHz requirements for PUSCH. 
However, we notice that the current release has defined 5MHz demodulation requirements for PUSCH in TS 38.101-4. And in our understanding, there is no significant performance difference between 5Mhz and 3MHz. 
Proposal 1. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUSCH in 15kHz .
Regarding antenna configuration, considering 1Tx and 2Tx two layer for PUSCH requirements.
Proposal 2. Considering 1Tx and 2Tx two layer for PUSCH requirements.
2.2 PUCCH requirements
The physical uplink control channel can support multiple formats as shown in following Table [3], which the frequency domain resources as described in Table 2 [4]. 
According to Table 2, we can observed that format 0, format 1 and format 4 only support 1PRB. And for format 2 and format 3 can support 16PRBs at most. The number of PRBs actually scheduled depends on the RRC signalling configuration.
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 resources of PUCCH formats 
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)
Observation 1. The flexibility of PUCCH configurations in frequency domain for 3MHz can be supported with no significant impact.
Proposal 3. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUCCH in 15kHz .
For antenna configuration, RAN4 can consider reuse the existing configuration which are 2Rx , 4Rx and 8Rx for PUCCH. 
Proposal 4. Considering 2Rx , 4Rx and 8Rx for PUCCH requirements.

2.3 PRACH requirements


[bookmark: OLE_LINK4]Regarding PRACH, Tables 6.3.3.1-1 and 6.3.3.1-2 in TS 38.211 indicate the PRACH preamble formats available depending on the different sequence lengths  and different numerology . For Table 6.3.3.1-1 covers  and  kHz, and Table 6.3.3.1-2 covers  and  kHz where .  


To support dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz, preamble formats 0,1,2 and preamble formats A1, A2, A3, B1, B2, B3, B4, C0 and C1 with  and  can be supported.


Considering PRACH occasion in frequency domain, we can observe that only 12RBs occupied for preamble formats with  and  as shown in following Table.
Table 6.3.3.2-1: Supported combinations of  and , and the corresponding value of .
	

	 for PRACH
	
 for PUSCH
	
, allocation expressed in number of RBs for PUSCH
	


	...
	...
	...
	...
	...

	139
	15
	15
	12
	2

	...
	...
	...
	...
	...




Observation 2. Legacy formats with  and  can be supported under dedicated spectrum with approximately 3 MHz system bandwidth.


Regarding PRACH requirements, we notice that current release covered legacy formats with  and  requirements in TS 38.104. 
Table 8.4.2.2-2: PRACH missed detection requirements for Normal Mode, 15 kHz SCS
	Number of
	
	Propagation
	Frequency
	SNR (dB)

	TX antennas
	Number of RX antennas
	conditions and correlation matrix (Annex G)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-9.3
	-12.6
	-14.2
	-16.8
	-6.3
	-12.5

	
	
	TDLC300-100 Low
	400 Hz
	-2.1
	-4.8
	-6.6
	-8.8
	0.8
	-4.9

	
	4
	AWGN
	0
	-11.6
	-14.3
	-16.0
	-19.0
	-8.7
	-14.1

	
	
	TDLC300-100 Low
	400 Hz
	-7.3
	-10.3
	-11.7
	-13.8
	-4.3
	-10.2

	
	8
	AWGN
	0
	-13.8
	-16.7
	-18.2
	-21.2
	-11.1
	-16.6

	
	
	TDLC300-100 Low
	400 Hz
	-11.0
	-13.9
	-15.2
	-17.3
	-8.1
	-13.9



Proposal 5. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PRACH.
Proposal 6. For PRACH demodulation requirements, reuse the existing requirements for 3Mhz .

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for less than 5MHz  demodulation requirements , The conclusions are:
Observation 1. The flexibility of PUCCH configurations in frequency domain for 3MHz can be supported with no significant impact.


Observation 2. Legacy formats with  and  can be supported under dedicated spectrum with approximately 3 MHz system bandwidth.
Proposal 1. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUSCH in 15kHz .
Proposal 2. Considering 1Tx and 2Tx two layer for PUSCH requirements.
Proposal 3. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUCCH in 15kHz .
Proposal 4. Considering 2Rx , 4Rx and 8Rx for PUCCH requirements.
Proposal 5. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PRACH.
Proposal 6. For PRACH demodulation requirements, reuse the existing requirements for 3Mhz .
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