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[bookmark: OLE_LINK25][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. 
 Transmission bandwidth
In RAN1#111, most companies focus on whether more than one channel BWs are needed, and an agreement on supported channel BW was achieved [2]. From RAN1 perspective, only 3 MHz channel BW will be introduced in addition to 5 MHz. 
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.



[bookmark: OLE_LINK14][bookmark: OLE_LINK18]However, as mentioned in [3], railway's constraints imply to preserve at least 10~14 GSM-R carriers dependent on the traffic demands in specific railway environments. For the use of the harmonized 900 MHz spectrum block (2x5.6 MHz FDD), the bandwidth available for FRMCS and guardband is 2.8~3.6MHz. If only one transmission BW, such as 16 PRBs, is defined for the channel BW of 3 MHz, there is no enough bandwidth reserved for the transmission of 14 GSM-R carriers. On the other hand, if a smaller transmission BW is defined such as 12 PRBs for the channel BW of 3 MHz considering the service requirement of 14 GSM-R carriers, the frequency resources will not be fully utilized, if there are only 12 or less GSM-R carriers need to be reserved. Considering that FRMCS and GSM-R may be operated in parallel for the next few decades, it would be practical to define more than one transmission BWs for a same channel BW. 
Observation 1: For preserving 10~14 GSM-R carriers, the transmission BWs available for FRMCS are diversified. 
Proposal 1: For dedicated spectrum less than 5 MHz system, more than one transmission BWs should be defined for a same channel BW.
 PBCH reception
Based on the WID, only 15 kHz SCS is supported for the dedicated spectrum less than 5 MHz. As shown in Figure 1, taking 3MHz channel BW as an example, only 15 PRBs are available by following transmission BW configuration of LTE 3MHz. Then it is worth further studying on how to use these PRBs on the available bandwidth to minimize the PBCH reception performance loss due to resource reduction. 
[image: ]
Figure 1: Example transmission bandwidth configuration for dedicated spectrum less than 5MHz
 Discussion
[bookmark: OLE_LINK17]Regarding mapping SSB within a dedicated spectrum less than 5 MHz, one way is puncturing PRBs beyond the available transmission bandwidth. However, the performance loss caused by puncturing cannot be ignored. As observed in [4], the performance degradation for about 0.84~3.14 dB will be caused by PBCH puncturing with 2~6 PRBs. 
In order to avoid coverage problems caused by PBCH performance degradation, some options had been discussed in the meeting of RAN1#111 [2]: 
	Agreement
Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified



As for Option 1, it intends to compensate the performance loss of PBCH via boosting the transmission power. However, it consumes more energy and leads to higher out-of-band leakage. In addition, since the EPRE of PBCH DMRS is equal to the EPRE of SSS in existing NR system, power boosting on PBCH may cause an inconsistency on measurement e.g., SS-RSRP, between the value obtained from measuring PBCH DMRS and that obtained from measuring SSS during neighbor cell measurement.
Observation 2: For PBCH power boosting, there will be an inconsistency on measurement, e.g., SS-RSRP, between the value obtained from measuring PBCH DMRS and that obtained from measuring SSS during neighbor cell measurement. 
[bookmark: OLE_LINK22]Regarding multiple PBCH receptions, it seems a legacy way to improve the performance of PBCH reception. This means, it cannot solve the performance loss compared to legacy. 
Observation 3: Multiple PBCH receptions as a legacy method cannot recover PBCH detection performance to legacy level. 
About Option 3, i.e., PBCH remapping, two potential alternatives can be considered according to previous discussion. 
· Alt.1: One way is to increase the quantity of PBCH resources in the time domain. 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. However, it requires large standardization efforts.
· Alt.2: Remapping PBCH data and PBCH DMRS from the start position of available resources within the transmission BW only. There is no impact on PBCH coding, which means similar impact on implementation as puncturing. The specification impact is also minimized. The performance is evaluated as presented in section 3.2. 
· This is the same as Option 5 via rate matching without changing the coding procedure
· According to the evaluation results shown in Table 1, remapping Alt 2 can provide 1.6 dB gain compared to using puncturing. The detailed BLER versus SNR curves are plotted in Figure A-1. 
· Table 1: Required SNR for PBCH detection with 1% BLER for PBCH remapping and PBCH puncturing
	 Case
	Baseline (20 PRBs)
	Remapping Alt 2 (i.e., rate matching without changing the coding procedure compared to legacy 5MHz)
	Puncturing 

	Required SNR
	0.4 dB
	1.5 dB
	3.1 dB


Observation 4: Remapping PBCH data and PBCH DMRS from the start position of available resources within the transmission BW only (i.e., rate matching without changing the coding procedure) can provide 1.6 dB gain over using puncturing, while has minimized specification impact. 
As for Option 4, it is true that some bits would be not used in scenario of the dedicated spectrum less than 5MHz. However, it requires more standardization discussion about which information fields can be saved and the performance gain is unclear depending on number of bits can be reduced. 
Observation 5: Option 4 (PBCH payload reduction) has large specification impact and the performance gain is unclear depending on number of bits reduced.  
For Option 5 (rate matching with changing the coding procedure), it expects has similar performance gain as remapping Alt2, and has the same specification impact as puncturing. However, it needs to change legacy coding implementation based on 20 PRBs.  
Observation 6: Option 5 (rate matching with changing the coding procedure) can provide similar performance gain as remapping (Alt2) and the same specification impact as puncturing.  
In addition to the above options, the PBCH reception may also be improved by reducing the number of PBCH DMRS sequences. For FR1 NR, eight PBCH DMRS sequences are defined per cell for indicating three bits timing information, i.e., SSB index and half frame indication. A UE needs to first detect the PBCH DMRS sequence and then perform channel estimation for PBCH decoding. Since the resource of dedicated spectrum is limited, the PBCH DMRS would suffer a detection performance loss, which would further reflected as the PBCH reception performance loss. It can be considered to reduce the number of PBCH DMRS sequences to improve detection performance of PBCH DMRS, so as to further minimize a PBCH reception performance loss. 
As listed below, different PBCH reception cases are evaluated to check the performance degradation under the dedicated spectrum less than 5 MHz. 3 MHz channel BW with 15 available PRBs is assumed during the simulation and detailed simulation assumptions can be found in Table A-1 of the Appendix. 
· Case1: 15 PRBs PBCH via puncturing/remapping with 8 DMRS sequences
· Case2: 15 PRBs PBCH via puncturing/remapping with 4 DMRS sequences
· Case3: 15 PRBs PBCH via puncturing/remapping with 2 DMRS sequences
· Case4: 15 PRBs PBCH via puncturing/remapping with 1 DMRS sequences
The required SNR values for the target BLER of 1% are summarized in Table 2. The detailed BLER versus SNR curves are plotted in Figure A-2 and Figure A-3. 
Table 2: Required SNR for PBCH detection with 1% BLER for different number of PBCH DMRS sequences
	Simulation cases
	[bookmark: OLE_LINK26]Case1 (8 DMRS)
	Case2 (4 DMRS)
	Case3 (2 DMRS)
	Case4 (1DMRS)

	Required SNR(remapping Alt2)
	1.5 dB
	0.2 dB
	-0.6 dB
	-2.0 dB

	Required SNR(puncturing scheme)
	3.1 dB
	2.1 dB
	0.2dB
	-1.3 dB


As shown in Table 2, comparing with 8 DMRS sequences under PBCH remapping, there are performance gains of 1.3 dB, 2.1 dB, and 3.5 dB for 4 DMRS sequences, 2 DMRS sequences and 1DMRS sequence, respectively. Similar performance gains can be observed under PBCH puncturing, that is, the performance gains are 1.0 dB, 2.9 dB, and 4.4 dB, respectively. By defining fewer DMRS sequences, DMRS sequence detection performance is improved. And PBCH reception performance is improved accordingly. 
Observation 7: Reducing the number of DMRS sequences can improve the PBCH reception performance by at most 4.4 dB.
Based on above, we have the following proposal for recovering the PBCH detection performance for transmission bandwidths of <5MHz. 
[bookmark: OLE_LINK7]Proposal 2: At least one of the options should be considered for recovering the PBCH detection performance for transmission bandwidths of <5MHz. 
· Remapping PBCH data and PBCH DMRS from the start position of available resources of dedicated spectrum
· PBCH rate matching around the punctured PRBs
· Reducing the number of PBCH DMRS sequences
[bookmark: OLE_LINK16][bookmark: OLE_LINK9]If the number of DMRS sequences decreases, some information (2 bits SSB index and half frame) indicated by DMRS sequences can be carried by the PBCH payload. For example, considering that the frequency band for dedicated spectrum less than 5 MHz is around 900MHz and the SCS is limited to 15 kHz only, some bits of PBCH payload (such as ) and MIB (e.g., subCarrierSpacingCommon) will be redundant and can be reused to indicate the SSB index or half frame indication.
Proposal 3: At least part of timing information indicated by DMRS sequences in current NR can be indicated by PBCH payload or MIB, if PBCH DMRS sequences reduction is supported in dedicated spectrum less than 5 MHz system. 
 PDCCH decoding
 CORESET#0
[bookmark: OLE_LINK19]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. In RAN1#111, the issue was discussed with the following agreement [2]. 
	Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.



In this section, we give our further analysis. 
Opt.1: reuse existing configuration table for CORESET#0
If no new CORESET#0 configuration table is to be introduced for the configuration, the bandwidth of CORESET#0 will exceed the system BW. Then, some solutions would be needed for optimizing the PDCCH reception performance, such as, rate matching reception of PDCCH according to the transmission BW, or mapping CCEs within part of CORESET#0 bandwidths. No matter which solution would be implemented, UEs are required to determine the available COREST#0 BW firstly. 
The COREST#0 BW could be determined from the system BW. As discussed in the meeting of RAN1#111, RAN1 assume that the UE could know PRBs are used for SSB transmission after PSS/SSS is detected. The system BW will be determined accordingly.
Opt.2: introducing new configuration table for CORESET#0
Another way is to define a 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. 
Considering both options, we slightly prefer opt.1 due to a smaller standardization impact.
[bookmark: OLE_LINK4]Proposal 4: Existing configuration table for CORESET#0 should be reused for CORESET#0 under dedicated spectrum less than 5MHz, the UE could determine the frequency location and BW of the CORESET#0 from the determined system BW once SSB is detected. 

 Non-zero CORESET
As the channel BW is limited in approximately 3MHz, only 16 PRBs or 15 PRBs are available. The non-zero 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 8: 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 5: 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][bookmark: OLE_LINK10]Proposal 6: 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 smaller 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 smaller than that of CORESET#0.

 CSI-RS 
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 7: 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
In RAN1#111, the potential enhancement on PUCCH was discussed with the following conclusion [2]. One remaining issue is the necessity for PUCCH FH disabling. 
	Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.



[bookmark: OLE_LINK6]From our point of view, it is feasible to configure PUCCH frequency hopping within the transmission BW of less than 5 MHz system. 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 PRBs, 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 transmission bandwidth.
In addition, the parameters interslotFrequencyHopping and intraSlotFrequencyHopping for enabling PUCCH FH is optional. This means that the gNB has the flexibility to enable or disable the PUCCH FH function for example considering the potential performance gain. It makes no sense to disable the PUCCH FH function fixedly. 
[bookmark: OLE_LINK5]Observation 9: This is an unnecessary restriction for gNB to always disable the PUCCH FH function. 
 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: 
Transmission bandwidth
Observation 1: For preserving 10~14 GSM-R carriers, the transmission BWs available for FRMCS are diversified. 
Proposal 1: For dedicated spectrum less than 5 MHz system, more than one transmission BWs should be defined for a same channel BW.
PBCH reception
Observation 2: For PBCH power boosting, there will be an inconsistency on measurement, e.g., SS-RSRP, between the value obtained from measuring PBCH DMRS and that obtained from measuring SSS during neighbor cell measurement. 
Observation 3: Multiple PBCH receptions as a legacy method cannot recover PBCH detection performance to legacy level. 
Observation 4: Remapping PBCH data and PBCH DMRS from the start position of available resources within the transmission BW only (i.e., rate matching without changing the coding procedure) can provide 1.6 dB gain over using puncturing, while has minimized specification impact. 
Observation 5: Option 4 (PBCH payload reduction) has large specification impact and the performance gain is unclear depending on number of bits reduced.  
Observation 6: Option 5 (rate matching with changing the coding procedure) can provide similar performance gain as remapping (Alt2) and the same specification impact as puncturing.  
Observation 7: Reducing the number of DMRS sequences can improve the PBCH reception performance by at most 4.4 dB.
Proposal 2: At least one of the options should be considered for recovering the PBCH detection performance for transmission bandwidths of <5MHz. 
· Remapping PBCH data and PBCH DMRS from the start position of available resources of dedicated spectrum
· PBCH rate matching around the punctured PRBs
· Reducing the number of PBCH DMRS sequences
Proposal 3: At least part of timing information indicated by DMRS sequences in current NR can be indicated by PBCH payload or MIB, if PBCH DMRS sequences reduction is supported in dedicated spectrum less than 5 MHz system. 
PDCCH decoding
Proposal 4: Existing configuration table for CORESET#0 should be reused for CORESET#0 under dedicated spectrum less than 5MHz, the UE could determine the frequency location and BW of the CORESET#0 from the determined system BW once SSB is detected. 
Observation 8: Under the existing CORESET configuration manner, the maximum supported aggregation level can only be 4, which may lead to shortage of PDCCH coverage.
Proposal 5: 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 6: 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 smaller 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 smaller than that of CORESET#0.
CSI-RS for RRM
Proposal 7: 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
Observation 9: This is an unnecessary restriction for gNB to always disable the PUCCH FH function. 
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 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

	Combined number
	No soft combining (i.e., one-shot decoding)

	Target BLER
	1%




[image: ]
Figure A-1: PBCH decoding performance of PBCH remapping (Alt 2) and PBCH puncturing
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[bookmark: _GoBack]Figure A-2: PBCH decoding performance of different number of DMRS sequences under remapping scheme (Alt 2)
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Figure A-3: PBCH decoding performance of different number of DMRS sequences under puncturing scheme
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