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1 Introduction
In RAN#94, the work Item of enhancements to operate NR on dedicated spectrum less than 5MHz was approved to address the request from the vertical field including the Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. And the detailed objectives are listed as follows[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 will analyse potential RAN1 specification impact to in this WI . 
2 Discussion
For the bandwidth of approximates 3MHz with 15 kHz SCS, current NR specification does not define the available number of PRBs since the current minimum channel bandwidth in NR system is 5MHz. In LTE system, system bandwidth of 3MHz is supported and the available number of PRB is 15 PRBs. In the following discussion, we will take 15 PRBs as the assumption to discuss the potential impact on the physical channels. 
2.1 Impact on the PDCCH 
In current NR system, the configuration of CORESET#0 is based on the predefined configuration table as defined in TS 38.213 Table 13-1. The configuration table is defined with the assumption of minimum channel bandwidth is 5MHz or 10MHz and the minimum number of PRBs configured for the CORESET#0 is 24 PRBs.  For the resource available in the dedicated spectrum, the available resource is smaller than the minimum number of PRB for the CORESET#0 configuration. 
To handle this problem, two directions can be considered 

· Option 1: Reuse the existing CORESET#0 configuration table and puncture part of resource 

· Option 2: Update the CORESET#0 configuration table by including additional entries  to fit the bandwidth of the dedicated frequency band 
In Option 1, there is no impact on the CORESET#0 configuration table and the indication of CORESET#0 in MIB. But there would be some problem on the initial DL BWP determination and other channels in the initial DL BWP.  Because the initial DL BWP is determined by the frequency resource of CORESET#0 in current NR system. In this option, the assigned frequency resource is larger than actual available resource, this would impact the PDSCH resource allocation and the configuration of CSI-RS/TRS. In Option 2, there may be certain change on the CORESET#0 configuration table, but the impact on the initial DL BWP and associated physical channels is little. 
Proposal 1: Consider the following two options for the CORESET#0 configuration 
· Option 1: Reuse the existing CORESET#0 configuration table and puncture part of resource 

· Option 2: Update the CORESET#0 configuration table by including additional entries  to fit the bandwidth of the dedicated spectrum
Proposal 2: Study how to determine the initial DL BWP according to CORESET#0 
As for the performance, there would be PDCCH performance loss due to less transmission resource. In option 1, about 1/3 resource would be punctured if 24 PRBs are configured for CORESET#0 . In option 2 the maximum supported aggregation level is only 4 if reusing CORESET configuration principle i.e., the assigned number of PRB should be integer multiples of 6 and PDCCH construction principle i.e., the supported AL is 1, 2, 4, 8, 16. We conduct link level simulation to evaluate the performance and Table.1 summarizes the simulation results. According to the simulation results, it is observed that both options suffer the transmission performance. Compared with coverage in normal case, the coverage loss is up to 6~7 dB. In this case, coverage recovery is needed for the broadcast PDCCH. 
Table.1 LLS simulation results for PDCCH
	Options
	48 RBs, 2 OS, AL=16

(reference)
	24 RBs, 2 OS, AL=8

 (w/ puncture)
	12 RBs, 2 OS, AL=4
(w/o puncture)

	SNR @ 1% BLER
	-8.59 dB
	-2.89 dB
	-1.52 dB


For unicast PDCCH, similar situation to the broadcast PDCCH happens.  The coverage would be impacted due to limited transmission resource. In addition, due to limited resource, the maximum PDCCH capacity is around 36 CCEs, there may be potential blocking issue especially when the aggregation level of PDCCH is large.  
Proposal 3: For both broadcast PDCCH and unicast PDCCH 

· Study whether is need for coverage recovery and if so, what is solution 
· Study whether there is  PDCCH blocking probability issue
2.2 Impact on the PBCH
In current NR system, the structure of SSB is specified as illustrated in Figure 1.  It occupies 4 symbols in the time domain and 20 RBs in the frequency domain. PSS and SSS (including guard band) occupies the center 12 RBs in the 1st symbol and the 3rd symbol, respectively; For PBCH, it occupies the whole 20 RBs in the 2nd and 4th symbols, and occupies 4 RBs on two edges of the frequency domain in the third symbol. With the assumption of 15RBs for 3MHz channel bandwidth, the resource is sufficient to accommodate the transmission of PSS and SSS. While, for PBCH the 3MHz resource is not enough to accommodate it and part of transmission symbols would be dropped if the legacy SSB structure is reused. Transmission loss is expected in this case. To evaluate the performance degradation, we conduct link-level simulation and summarize the simulation results in Table.2.
In the evaluation, the generated PBCH symbols mapped to center 15 RBs are transmitted and the unmapped symbols are dropped. For comparison, transmission of PBCH without dropping in 20MHz is evaluated for reference. Compared with the reference, the performance loss is about 2.7 dB. Considering system with dedicated spectrum aims to serve for Future Railway Mobile Communication System (FRMCS), Smart Grids and Public Safety etc., which usually require wide coverage area, it is necessary to study how to enhance the transmission performance of PBCH.  
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Figure 1 SSB structure
Table.2 LLS simulation results for one-shot PBCH transmission 
	Options
	20MHz BW (106 RBs) 
(reference)
	3MHz BW(15 RBs)
(w/ puncture)

	SNR@ 1% BLER
	-5.42 dB
	-2.76 dB
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Figure 2 Partial transmission of PBCH for 3MHz system BW

Observation 1: If the legacy SSB structure of 20 RBs is reused, for the 3MHz BW system with the assumption of occupying 15 RBs, there would be 2.7dB performance loss in the PBCH.
Proposal 4: For PBCH, study whether coverage recovery is necessary, and if so, what is solution
2.3 Impact on the PRACH
For the SCS combinations of PRACH and PUSCH, there are three candidate options that can be applied to less than 5MHz BW, as given in table.3. For long PRACH sequence, combination {1.25KHz, 15KHz} and combination {5KHz, 15KHz} can be applied. Combination {15KHz, 15KHz} can be applied for the short PRACH sequence. Considering that long PRACH sequence could provide relatively wide coverage, and large SCS is good at eliminating the impact of Doppler frequency offset, supporting the SCS combination of {5KHz, 15KHz} for long PRACH sequence, i.e., PRACH format 3 is beneficial for FRMCS service. However, it is observed that PRACH format 3 occupies 24RBs in the frequency domain as shown in Table.3, which exceeds the 3MHz bandwidth. That is to say, only part of the PRACH format 3 could be transmitted within 3MHz channel BW. To evaluate the performance degradation for this case, we conduct link-level simulation and summarize the simulation results in Table.4. 
In the evaluation of PRACH format 3 with 3MHz channel bandwidth, the PRACH symbols are generated according the sequence length of 839, but only symbols corresponding to 540 REs with SCS@5KHz can be transmitted. From the simulation results, we can observe that compared with transmission of the whole PRACH 3, the partial transmission of PRACH format 3 suffers about 1.3dB performance loss, which shouldn’t be ignored from our perspective. Thus, we believe that it is necessary to further study whether/how to support PRACH format 3 for system with 3MHz channel bandwidth.
Table.3 Supported SCS combinations of PRACH and PUSCH
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	839
	1.25
	15
	6
	7

	839
	5
	15
	24
	12

	139
	15
	15
	12
	2


Table.4 LLS simulation results for PRACH format 3
	Options
	20MHz BW (106 RBs) 
(reference)
	3MHz BW(15 RBs)
(w/ puncture)

	SNR @ 1% MDR
	-18.44 dB
	-17.12 dB


Observation 2: For PRACH format 3, there is about 1.3dB performance loss if only transmitting part of it within frequency resource of 3MHz. 
Proposal 5: study whether/how to support PRACH format 3 in the system with dedicated spectrum less than 5MHz
2.4 Impact on the CSI-RS/ TRS 
For the frequency resource of CSI-RS, it is configured via the IE CSI-FrequencyOccupation . The configured resource is min (24 PRB, BWP size)
CSI-FrequencyOccupation information element

-- ASN1START

-- TAG-CSI-FREQUENCYOCCUPATION-START

CSI-FrequencyOccupation ::=         SEQUENCE {

    startingRB                          INTEGER (0..maxNrofPhysicalResourceBlocks-1),

    nrofRBs                             INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ...

}

-- TAG-CSI-FREQUENCYOCCUPATION-STOP

-- ASN1STOP

	CSI-FrequencyOccupation field descriptions

	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.


As for the configuration of TRS, as stated in 38.214, the configured frequency resource is min (52 PRBs, BWP-size). In addition, in R17, TRS can be monitored by the idle/inactive UE, the minimum configured PRB is 24 PRBs in SIB17 and the idle/inactive UE doesn’t expect to monitor TRS outside the initial DL BWP. 

According to the current specification description, the configured or monitored CSI-RS/TRS is confined within the BWP. But as discussed in the section 2.1, how to determine the initial DL BWP according to the CORESET#0 is still open. There is possibility that the configured resource is larger than the actual available resource for initial DL BWP. In this case, there may be some problem for the CSI-RS/TRS monitoring. Otherwise, existing configuration/monitoring behaviour can be reused. 

Observation 3: If the configured resource for one BWP equals to the actual available resource for the BWP, no specification impact is foreseen for the CSI-RS/TRS configuration.
2.5 Impact on the PUCCH
In NR system, normal NR UE would utilize frequency hopping to transmit PUCCH for the HARQ feedback of Msg.4 in initial DL BWP. And for RedCap UEs, the frequency hopping of PUCCH can be disabled by the SIB considering limited frequency diversity gain within 20MHz and the potential frequency fragment risk. For the dedicated frequency band smaller than the 5MHz，the frequency hopping gain is marginal. To avoid resource fragment and facilitate the resource allocation on the network side. Similar operation to that of RedCap can be taken for PUCCH transmission, i.e., frequency hopping of PUCCH on the initial DL BWP can be disabled. 
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 
3 Conclusion
In this contribution, we discuss several issues on enhancements to operate NR on dedicated spectrum less than 5 MHz. Based on the discussion, our views are summarized as follows.
Observation 1: If the legacy SSB structure of 20 RBs is reused, for the 3MHz BW system with the assumption of occupying 15 RBs, there would be 2.7dB performance loss in the PBCH.
Observation 2: For PRACH format 3, there is about 1.3dB performance loss if only transmitting part of it within frequency resource of 3MHz. 
Observation 3: If the configured resource for one BWP equals to the actual available resource for the BWP, no specification impact is foreseen for the CSI-RS/TRS configuration.
Proposal 1: Consider the following two options for the CORESET#0 configuration 
· Option 1: Reuse the existing CORESET#0 configuration table and puncture part of resource 

· Option 2: Update the CORESET#0 configuration table by including additional entries  to fit the bandwidth of the dedicated spectrum
Proposal 2: Study how to determine the initial DL BWP according to CORESET#0 
Proposal 3: For both broadcast PDCCH and unicast PDCCH 

· Study whether is need for coverage recovery and if so, what is solution 

· Study whether there is  PDCCH blocking probability issue

Proposal 4: For PBCH, study whether coverage recovery is necessary, and if so, what is solution
Proposal 5: study whether/how to support PRACH format 3 in the system with dedicated spectrum less than 5MHz 
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 
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Annex

Table.1 Simulation parameters for the link-level simulation

	Parameters
	Value

	Scenario and frequency
	· 900MHz in rural scenario  

	BWP SCS 
	· 15kHz

	BWP BW
	· 20MHz (106 RBs) for legacy NR system

· 3MHz (15 RBs) for less than 5MHz system   

	Channel model
	· TDL-C, NLoS

	Delay spread
	· 300ns

	Antenna correlation
	· Low

	UE velocity
	· 3 km/h

	# of Tx/Rx chains for gNB
	· 4T4R

	# of Tx/Rx chains for UE
	· 1T2R

	PDCCH
	· Payload: 40bits
· Configuration 1: 2 symbols, 48RBs, AL=16
· Configuration 2: 2 symbols, 24RBs, AL=8
· Configuration 3: 2 symbols, 12RBs, AL=4
· BLER: 1%
· PRG bundling: 6
· CCE-to-REG bundling mapping: interleaving, 2

	PBCH
	· Payload: 32bits
· BLER: 1%
· Transmission number: one-shot transmission or 4 transmissions within 80ms 

	PRACH
	· Format: 3
· SCS: 5KHz
· Performance target: 1% missed detection at 0.1% false alarm probability
· Rx combining: non-coherent combining of branches


