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[bookmark: _Ref4817] Introduction
[bookmark: OLE_LINK1]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 requests from vertical industry with the operating bandwidth less than 5 MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In these above deployment scenarios, the 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:
· 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.



In order to adapt the existing SS/PBCH block and other signals/channels for the dedicated spectrum less than 5 MHz and meanwhile to minimize the performance loss, some existing designs should be reconsidered. In this contribution, some analysis of potential impacts is provided along with some preliminary simulation results. 
 SSB
Based on the WID, only 15 kHz SCS is supported for bandwidth less than 5 MHz. The available spectrum for these vertical industry cases might be approximately 3 MHz, which is lower than the bandwidth of existing SSB with 15kHz SCS. Thus, one straightforward way is to puncture PBCH to fit into the available narrow bandwidth. As shown in the following Figure 1, taking 3MHz CBW as an example, only 15 PRBs are available by following transmission bandwidth configuration of LTE 3MHz. Then, 5 PRBs of the existing PBCH as well as PBCH DMRS within these PRBs would be punctured. 
[image: ]
Figure 1: Example transmission bandwidth configuration for dedicated spectrum less than 5MHz
It is worth noting that the center of SSB (sync raster) might not fall on or close to the center of those dedicated spectrums from vertical industry following the existing design of sync raster. Then, more PRBs would need to be punctured resulting in a higher performance loss. In the following analysis and evaluations, it is assumed that the sync raster is placed as close to a carrier center as possible for providing a performance upper limit. And the actual performance depends on the conclusion of RAN4 on the sync raster issue. 
[bookmark: OLE_LINK14]Observation 1: RAN4 decision on sync raster design impacts on the number of punctured PRBs for SSB which results in different performance losses for SSB. 
 PBCH DMRS detection
For FR1 NR, three bits timing information, e.g., SSB index and half frame indication, is carried by PBCH DMRS. A UE needs to first detect the PBCH DMRS sequence and then perform channel estimation for PBCH decoding. After puncturing, the DMRS sequence will be divided into multiple segments. The performance of DMRS sequence detection will be affected. 
[bookmark: OLE_LINK13]In addition to determining the timing information of the potential serving cell during the initial access procedure, a UE also needs to obtain and report the measured SSB index by identifying the PBCH DMRS sequence of the target cell during neighbor cell measurement.
Observation 2: PBCH DMRS puncturing affects the detection performance of DMRSs, which will impact on the DL timing acquisition of the serving cell and measurement reporting of neighbor cells. 
One possible way to mitigate this effect is to map PBCH DMRS sequence only within the non-punctured PBCH RBs as shown in Figure 2. In this way, a complete sequence can be detected and used for subsequent channel estimation. 
[image: ]
Figure 2: PBCH DMRS remapping within non-punctured PBCH RBs
Proposal 1: To further discuss the potential schemes to minimize the PBCH DMRS performance degradation due to puncturing.
 PBCH reception
[bookmark: OLE_LINK18] Simulation results and analysis
As shown in Figure 3, the following PBCH puncturing cases are evaluated to check the performance degradation due to the dedicated narrow spectrum and detailed simulation assumptions are listed in Table A-1 of the Appendix. More specifically, these cases correspond to system bandwidth 2.8MHz (case 2), 3MHz (case 3) and 3.6MHz (case 4), respectively, in which 90% spectral utilization ratio is assumed. 
· Case 1 (baseline): PBCH without puncturing
· Case 2: PBCH with 6 PRBs puncturing
· Case 3: PBCH with 5 PRBs puncturing
· Case 4: PBCH with 2 PRBs puncturing


Figure 3: Simulation cases for PBCH performance degradation
Simulation Results
The simulation results of PBCH performance degradation relative to PBCH without puncturing are showed in Table 1.
Table 1: Simulation results for PBCH performance degradation
	Cases
	Case1 (baseline)
	Case2 (6 PRBs)
	Case3 (5 PRBs)
	Case4 (2 PRBs)

	Performance loss compared with baseline
	0 dB
	-3.14 dB
	-2.57 dB
	-0.84 dB


The direct reason for PBCH performance degradation is that some data REs are punctured. In addition, channel estimation performance is also affected as some PBCH DMRS REs are also punctured, PBCH reception performance is affected indirectly. 
Based on the above analysis, the following observations could be made:
[bookmark: OLE_LINK16]Observation 3: Based on the spectral utilization ratio of 90%, the performance loss of the PBCH puncturing with 2 PRBs to 6 PRBs will be 0.84 ~ 3.14 dB.
[bookmark: OLE_LINK9] Potential enhancements for minimizing PBCH performance degradation
According to the above simulation results, the PBCH puncturing would experience some performance degradation, especially for the smaller bandwidth (e.g. 2.8MHz if 14 GSM carriers are to be preserved in FRMCS in Europe) that needs to be supported. In order to avoid coverage problems caused by PBCH performance degradation, some enhanced schemes need to be investigated accordingly. 
Potential scheme 1: PBCH remapping
A direct idea is to increase the quantity of PBCH resources. For example, the punctured PBCH PRBs could be remapped to other time domain symbols in the narrow bandwidth, so that the UE can receive all PBCH PRBs. The PBCH performance could be ensured without performance loss, meanwhile the existing sync raster could be reused without changing RAN4 specification. 
Potential scheme 2: Power boosting
The most straight forward method might be power boosting from base station perspective, power boosting can make up for the performance loss of PBCH with puncturing and has the minimum spec impact. However, the base station needs to transmit with relative higher transmission power, which would affect the energy saving of the base station and out of band emission, which should also be taken into account.
[bookmark: OLE_LINK17]Proposal 2: To further discuss the potential schemes to minimize the PBCH performance degradation due to puncturing.
 PDCCH decoding
 CORESET#0
In existing NR system, a minimum bandwidth of the CORESET#0 is 24 PRBs. The system bandwidth of the narrow bandwidth system will be lower than the minimum bandwidth of the existing CORESET#0. Therefore, how to define and configure the CORESET#0 in the narrow bandwidth is a problem that needs to be clarified. 
Potential scheme 1: introducing new bandwidth for CORESET#0
One direct way is to introduce new bandwidth for CORESET#0, for example, 16 PRBs, 15 PRBs or even less. For convenience, we call it narrowband CORESET#0. However, some corresponding modifications are required, for example, the CORESET#0 configuration table needs to be redefined. In FR1, the conventional CORESET#0 needs to completely include SSBs in the frequency domain, but the narrowband CORESET#0 cannot include SSBs. In this case, the offset in the CORESET#0 configuration table needs to support a negative value, so that the lowest PRB of SSBs is allowed to be lower than the lowest PRB of the CORESET#0. 
Potential scheme 2: PDCCH rate matching
If no new CORESET#0 bandwidth is defined, the existing CORESET#0 configuration table 13-1 in TS 38.213 can be reused. In this case, rate matching processing needs to be performed on some resources whose PDCCH transmission falls outside the system bandwidth. As an example shown in Figure 4, one problem here is how to determine rate matching resources in the purple dotted line box. 
Table 13-1: Set of resource blocks 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 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved
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Figure 4: PDCCH rate matching around resource outside the system bandwidth
If we assumed that system bandwidths in different frequency bands are predefined, and the frequency location relationship between the carrier and SSB is fixed, e.g., the center frequency of carrier and the center frequency of SSB are aligned with each other. Then, after SSBs are successfully detected, the frequency location of the system bandwidth can also be determined. However, according to the existing CORESET#0 configuration table 13-1 and indication of PBCH, the CORESET#0 will exceed the range of the system bandwidth. In this case, the frequency domain resource which does not overlap between CORESET#0 and the system bandwidth may be determined as the rate matching resource implicitly. 

Another manner is to explicitly indicate the rate matching resource by using MIB information. To ensure that the PBCH overhead remains unchanged, some useless information fields need to be identified. For example,  may not need to be indicated by assuming that SSBs are always aligned with carrier RB grid or the relative position relationship is fixed. 
[bookmark: OLE_LINK10]Potential scheme 3: CCE remapping within dedicated spectrum
CCE remapping within dedicated spectrum is another way. In this scheme, CCEs are allowed to be mapped within part of CORESET#0 bandwidths, so that no new CORESET#0 bandwidth configuration is introduced, but UEs are also required to determine the dedicated spectrum range. Similarly, as determination of the rate matching resource, both of implicit and explicit method can be considered. 
Proposal 3: The following potential schemes can be considered for PDCCH monitoring in CORESET#0, 
· Potential scheme 1: introducing new bandwidth for CORESET#0
· Potential scheme 2: PDCCH rate matching
· Potential scheme 3: CCE remapping within dedicated spectrum.
 Non-zero CORESET
As the system bandwidth is limited in approximately 3MHz, only 16 PRBs or 15 PRBs are available. The CORESET can be configured with a maximum of 12 PRBs bandwidths in accordance with the configuration rule of the multiple of 6 PRBs. Further, for 3 symbols CORESET configuration, the maximum aggregation level can only be 4. It affects the performance of PDCCH decoding in the CORESET. 
[bookmark: OLE_LINK12]Observation 4: Under the existing CORESET configuration manner, the maximum supported aggregation level can only be 4, which may lead to shortage of PDCCH coverage.
[bookmark: OLE_LINK11]Proposal 4: To further discuss the potential schemes to minimize the PDCCH decoding performance degradation due to resource constraints of CORESET configuration.
 Definition of initial DL BWP
In current NR, the default bandwidth of the initial DL BWP is the same as that of CORESET#0. And it can be reconfigured via SIB1 with a bandwidth larger than that of CORESET#0. And the bandwidth of initial DL BWP will be used for determining the frequency range for FDRA of PDSCH. 
For dedicated spectrum less than 5MHz, it is better to keep the bandwidth of the initial DL BWP lower than or equal to the system bandwidth. 
If a lower bandwidth is introduced for CORESET#0, then the default rule for determining the bandwidth of the initial DL BWP can be kept unchanged. And both of CORESET#0 and initial DL BWP will be contained within the system bandwidth. 
[bookmark: OLE_LINK3]However, if no new bandwidth of CORESET#0 is defined, it is better to change the default bandwidth of the initial DL BWP to bandwidth lower than CORESET#0, e.g., equals to the system bandwidth. In another way, both of the bandwidth configuration of CORESET#0 and the default bandwidth of the initial DL BWP also keep unchanged. Then, it should be allowed to reconfigure the bandwidth of the initial DL BWP via SIB1 with a bandwidth lower than that of CORESET#0. Then, the PDSCH will be scheduled within the dedicated spectrum without additional restriction on FDRA. 
[bookmark: OLE_LINK8]Proposal 5: The following definition of initial DL BWP can be considered if the bandwidth of CORESET#0 is larger than system bandwidth, 
· the default bandwidth of the initial DL BWP can be defined as a bandwidth lower than CORESET#0, e.g., equals to the system bandwidth.
· the bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth lower than that of CORESET#0.
 CSI-RS for RRM
In current NR, the minimum bandwidth of the CSI-RS for RRM is 24 RBs. For dedicated spectrum with bandwidth less than 5 MHz, there is no sufficient bandwidth for transmitting the configured CSI-RS. A UE will perform RRM measurement within the configured spectrum range. The resource exceeding the system bandwidth only includes interference, which will seriously affect the performance of RRM measurement. So it should be supported for configuring a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20. 
	CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}



Proposal 6: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20. 
 Other signals and channels
PUCCH
[bookmark: OLE_LINK6]For PUCCH format 0/1/4, only 1 PRB is occupied in the frequency domain. When the gNB configures the first frequency hopping point and the second frequency hopping point at the granularity of RBs, the gNB can ensure that the bandwidth of PUCCHs does not exceed the NR narrowband as long as the gNB and UEs have the same understanding on the system bandwidth. For PUCCH format 2/3, the problem will also not occur under the proper configuration of gNB. Taking 3 MHz system bandwidth (16 PRBs) as an example, frequency hopping can be configured as long as the bandwidth of PUCCH is not higher than 8 PRBs. Otherwise, it is not necessary to configure frequency hopping. Therefore, the simplest solution to this issue is to ensure that the PUCCH with frequency hopping does not exceed the system bandwidth.
[bookmark: OLE_LINK5]Observation 5: PUCCH transmission can be supported under dedicated spectrum with less than 5MHz system bandwidth through proper configuration of gNB. 
PRACH


[bookmark: OLE_LINK4]For PRACH occasion in the frequency domain, the starting PRB of lowest PRACH occasion in the frequency domain is indicated by RRC parameter msg1-FrequencyStart in RACH-ConfigGeneric. And the number of FDMed PRACH occasions in frequency domain is configured via RRC parameter msg1-FDM, in which the value from {1, 2, 4, or 8} can be selected. And the number of PRBs for each PRACH occasion with different sequence lengths  and different numerology  are showed in Table 6.3.3.2-1 of TS 38.211. 


By assuming a 3 MHz dedicated spectrum, the following lines in Table 6.3.3.2-1 can be used. More specifically, preamble formats 0, 1, 2, and preamble formats A1, A2, A3, B1, B2, B3, B4, C0 and C1 with  and  can be supported. 
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
	


	839
	1.25
	15
	6
	7

	839
	1.25
	30
	3
	1

	839
	1.25
	60
	2
	133

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

	139
	15
	15
	12
	2

	139
	15
	30
	6
	2

	139
	15
	60
	3
	2

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



Considering that the typical deployment frequency band is 900 MHz, the above formats are sufficient.


Observation 6: Existing long preamble formats 0, 1, 2, and short preamble formats A1, A2, A3, B1, B2, B3, B4, C0 and C1 with  and  can be supported under dedicated spectrum with approximately 3 MHz system bandwidth. 
Proposal 7: No enhancement is required for PUCCH and PRACH transmission under dedicated spectrum with less than 5MHz system bandwidth. 
 Conclusion
In this contribution, the impact on transmission of existing channel/signal within dedicated spectrum with less than 5 MHz bandwidth are analyzed. Several potential schemes to reduce the performance loss of different channel/signal are further proposed with the following observations and proposals: 
SBB
Observation 1: RAN4 decision on sync raster design impacts on the number of punctured PRBs for SSB which results in different performance losses for SSB.
[bookmark: OLE_LINK15]PBCH DMRS detection
Observation 2: PBCH DMRS puncturing affects the detection performance of DMRSs, which will impact on the DL timing acquisition of the serving cell and measurement reporting of neighbor cells. 
Proposal 1: To further discuss the potential schemes to minimize the PBCH DMRS performance degradation due to puncturing.
PBCH reception
Observation 3: Based on the spectral utilization ratio 90%, the performance loss of the PBCH puncturing with 2 PRBs to 6 PRBs will be 0.84 ~ 3.14 dB. 
Proposal 2: To further discuss the potential schemes to minimize the PBCH performance degradation due to puncturing.
PDCCH decoding
Proposal 3: The following potential schemes can be considered for PDCCH monitoring in CORESET#0, 
· Potential scheme 1: introducing new bandwidth for CORESET#0
· Potential scheme 2: PDCCH rate matching
· Potential scheme 3: CCE remapping within dedicated spectrum
Observation 4: Under the existing CORESET configuration manner, the maximum supported aggregation level can only be 4, which may lead to shortage of PDCCH coverage.
Proposal 4: To further discuss the potential schemes to minimize the PDCCH decoding performance degradation due to resource constraints of CORESET configuration.
Definition of initial DL BWP
Proposal 5: the following definition of initial DL BWP can be considered if the bandwidth of CORESET#0 is larger than system bandwidth, 
· the default bandwidth of the initial DL BWP can be defined as a bandwidth lower than CORESET#0, e.g., equals to the system bandwidth.
· the bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth lower than that of CORESET#0.
CSI-RS for RRM
Proposal 6: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20. 
PUCCH and PRACH
Observation 5: PUCCH transmission can be supported under dedicated spectrum with less than 5MHz system bandwidth through proper configuration of gNB. 


Observation 6: Existing long preamble formats 0, 1, 2, and short preamble formats A1, A2, A3, B1, B2, B3, B4, C0 and C1 with  and  can be supported under dedicated spectrum with approximately 3 MHz system bandwidth. 
Proposal 7: No enhancement is required for PUCCH and PRACH transmission under dedicated spectrum with less than 5MHz system bandwidth. 

 Reference
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[bookmark: _GoBack]RP-212387, Discussion on spectrum less than 5MHz in Rel-18, RAN#93, ZTE. 
 Appendix
Table A-1 Simulation assumptions 
	Parameter
	Value

	Carrier Frequency
	900 MHz

	UE speed
	3 km/h

	System bandwidth
	3.6 MHz

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx

	Subcarrier spacing
	15 kHz

	PBCH payload (excluding 24bits CRC)
	32 bits

	Modulation
	QPSK

	Channel coding
	Polar

	Transmission scheme
	1-port precoder cycling

	Channel model
	TDL-C (delay spread: 300ns)

	Channel estimation
	[bookmark: OLE_LINK2]Practical

	Receiver type
	MMSE

	Target BLER
	1%

	Number of interfering TRPs 
	0 TRP

	Combined number
	4 SSBs


[image: ]
Figure A: SNR for different cases
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