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[bookmark: _Ref4817] Introduction
[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
[bookmark: OLE_LINK24]In RAN1#112, RAN1 sent an LS to RAN to ask for further guidance of the possible transmission bandwidth for sub-5MHz. This issue was discussed in RAN#99 and the following conclusion was reached [2]. 
	RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
Other details (including sync raster details) are to be progressed in the WGs.


According to the conclusion made in RAN#99 meeting, RAN1 is requested to consider whether PBCH transmission bandwidth with 12 PRBs for n100 also applies for other bands with 3 MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands. The reason to adopt 12 PRBs for PBCH transmission is mainly due to the limited available number of PRBs from the operator for FRMCS use case in band n100. For other bands, there are clear requirements from operators to support 3MHz channel bandwidth with 15PRBs available for PBCH transmission [1][3][4]. In addition, PBCH transmission with 15 PRBs transmission bandwidth has a performance gain of 2.7 dB compared with 12 PRBs transmission bandwidth according to simulation in Appendix.
With above analysis, we suggest to apply 15 PRBs PBCH transmission bandwidth for other bands with 3 MHz channel bandwidth. 
[bookmark: OLE_LINK4]Proposal 1: For frequency bands with 3 MHz channel bandwidth other than band n100, the PBCH transmission bandwidth is 15 PRBs.
For other channels/signals, it is beneficial for improving the capacity of PDSCH/PUSCH, the flexibility of transmission resource selection for PDCCH, the frequency diversity gain when FH is enabled in PUCCH, and the detecting performance of reference signals, etc., by making full use of the available bandwidth.
For band n100, with the completion of railway service migration, the available bandwidth may be increased to the max channel utilization, i.e., 15 PRBs of 3MHz channel bandwidth. Therefore, forward compatibility needs to be considered in system design and channels/signals other than PBCH should be flexibly configured to the maximum available bandwidth, that is, 15 PRBs. For frequency bands with 3 MHz channel bandwidth other than band n100, it is reasonable to define the max channel utilization as the transmission bandwidth since the max channel utilization of 15 PRBs are all available.
Regarding 5MHz channel bandwidth, the transmission bandwidth can be defined as 25 PRBs according to similar consideration, through which the existing specification for normal NR can be inherited to the maximum extent.  
Proposal 2: For frequency bands with 3 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 15 PRBs.
Proposal 3: For frequency bands with 5 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 25 PRBs as legacy.
 PBCH reception
In RAN1#112, a working assumption on PBCH transmission in the case[s] that available PRBs for PBCH is less than 20 PRBs was made. 
	Working Assumption
[bookmark: OLE_LINK26]For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed




For PBCH transmission in dedicated spectrum less than 5 MHz, in the cases that available PRBs for PBCH transmission is less than 20 PRBs, puncturing those PRBs that fall outside of available PRBs is a direct way. However, the performance loss caused by puncturing cannot be ignored. As observed in Appendix, the performance degradation for about 2.7 dB and 5.4 dB will be caused by PBCH puncturing with 5 PRBs and 8 PRBs, respectively. 
Observation 1: The performance degradation for about 2.7 dB and 5.4 dB will be caused by PBCH puncturing with 5 PRBs and 8 PRBs, respectively.
Another feasible idea is remapping PBCH within the available transmission bandwidth only, while the PBCH data encoding is based on 20 PRBs, which has similar impact on both specification and implementation as puncturing in terms of how to receive PBCH within the available PRBs. Furthermore, remapping can provide 1.6 dB and 4.0 dB gain of PBCH receiving performance over puncturing with 5 PRBs and 8 PRBs respectively (the details of simulation can be found in the Appendix). In addition, remapping based solution can automatically avoid legacy UEs to camp on the dedicated spectrum due to different mapping positions as legacy. However, puncturing based solution requires additional specification impacts to avoid legacy UEs camping and contradicts with the note in the WA that no other optimization is needed. 
Considering above impacts, we still believe PBCH remapping within the available transmission bandwidth should be the best option to fit PBCH transmission into dedicated spectrum of less than 5MHz. 
Observation 2: Comparing with PBCH puncturing, the performance gain for about 1.6 dB and 4.0 dB can be got by PBCH remapping with 15 PRBs and 12 PRBs, respectively. 
Observation 3: Comparing with PBCH puncturing, PBCH remapping does NOT require additional optimization to avoid legacy UEs to camp on the dedicated spectrum. 
Proposal 4: For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRBs, do NOT confirm the WA and adopt the following scheme. 
[bookmark: OLE_LINK14]•	PBCH remapping (i.e., PBCH encoding is based on 20 PRBs. The encoded bits and DMRS are only mapped to the available PRBs for PBCH transmission.)
 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 dedicated spectrum less than 5MHz will be lower than the minimum bandwidth of the existing CORESET#0. In RAN1#112, the main issue is about how to configure CORESET#0, the following proposal had been discussed but no consensus was reached [5].
	Proposal 1: For transmission bandwidth[s] <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table, in the case[s] that the max. transmission BW available PRBs for CORESET#0 is less than 24PRBs, 
· Opt.1: Legacy CORESET configuration table is reused
· FFS whether/how to use the (only one) reserved entry for the configuration.  
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. No puncturing is needed.
· [bookmark: OLE_LINK18]Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used


In this section, we give our further analysis. 
· Opt.1: Legacy CORESET configuration table is reused
If legacy CORESET#0 configuration table is reused, the configured bandwidth of CORESET#0 will exceed the system bandwidth, some corresponding issues should be addressed. 
Issue 1: How to indicate the available PRBs for PDCCH transmission?
The number of PRBs configured for CORESET#0 in legacy table is no less than 24 PRBs, so the available PRBs for PDCCH transmission should be informed to UE implicitly or explicitly. As discussed in the meeting of RAN1#111, RAN1 assumes that the UE could know PRBs are used for SSB transmission after PSS/SSS is detected, and the system bandwidth will be determined accordingly. Therefore, the available PRBs for PDCCH transmission can be determined from the PBCH transmission bandwidth or system bandwidth. But in cases that the sync raster and channel raster are not aligned, the system bandwidth may not be equal to the PBCH transmission bandwidth, and in these cases, further enhancement should be considered to determine the available PRBs for PDCCH transmission.
Another manner is to indicate the available PRBs for PDCCH transmission via MIB or other signaling explicitly. For example, some bits of MIB that are not used in dedicated spectrum less than 5 MHz system can be reinterpreted or new signaling should be introduced for such indication.
Issue 2: How to transmit PDCCH in the available resources of CORESET#0?
It can be considered to puncture the PRBs that fall outsides of available PRBs for CORESET#0, i.e., only mapping CCEs within available PRBs of CORESET#0. Then, some questions should be clarified. 
Q1: whether to support partial CCE
If reusing legacy table and puncturing are implemented for PDCCH transmission, part of REG-bundle which lies at the edge of available PRBs (e.g. REG-bundle#7) would be punctured as shown in Figure1. In legacy NR, partial precoding and partial channel estimation within REG-bundle are not supported which means partial CCE due to puncturing would be discarded. 
[image: ]
Figure 1 CORESET0 for 3MHz channel bandwidth with max 15RBs (reusing legacy table configuration)
Q2: whether to support non-interleaved CCE-to-REG mapping for CORESET#0
As is shown in Figure 1, if only interleaved CCE-to-REG mapping is supported as that in legacy NR, the most candidates with AL>1 will be punctured, the PDCCH coverage performance is seriously harmed. However, if only non-interleaved CCE-to-REG mapping is supported for CORESET#0, the frequency diversity gain will be discarded. As a compromise, both of non-interleaved CCE-to-REG mapping and interleaved CCE-to-REG mapping are supported, and one indication can be introduced into MIB for indicating the CCE-to-REG mapping mode. 
[bookmark: OLE_LINK13]Q3: whether to introduce new aggregation level
The maximum number of PRBs is 15 for 3MHz channel bandwidth, and the maximum number of CORESET#0 symbol is 3, meaning that at most 45 REGs available for PDCCH transmission, which represents that at most AL=4 with 24 REGs can be supported. Therefore, there is an issue on whether to introduce new aggregation level, e.g., 6, or not. Then, some evaluations may be required for proving the necessity. 
Observation 4: If legacy CORESET configuration table is reused, at least the following issues should be further discussed, 
· [bookmark: OLE_LINK27]How to indicate the available PRBs for PDCCH transmission?
· How to transmit PDCCH in the available resources of CORESET#0?
· whether to support partial CCE
· whether to support non-interleaved CCE-to-REG mapping for CORESET#0
· whether to introduce new aggregation level
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
Another way is to introduce a new CORESET#0 configuration table. As discussed in RAN#112, there are two options to down-select.
Opt. 2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs.
Firstly, the number of PRBs of CORESET#0 should be configured within system bandwidth. So, there is no need to consider the indication of the available PRBs for PDCCH transmission or partial CCEs. And as shown in Figure2, the maximum aggregation level supported in 3MHz channel is AL=4. 
[image: ]
Figure 2 CORESET0 for 3MHz channel bandwidth with max 15RBs (new table configuration)
[bookmark: OLE_LINK15]Secondly, in legacy NR, the offset in the CORESET#0 configuration table is defined as an offset from a smallest RB index of the CORESET#0 to a smallest RB index of the corresponding SS/PBCH block. And in FR1, the conventional CORESET#0 needs to completely include SSBs in the frequency domain. It is apparently that the CORESET#0 configured in new table 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. 
As analyzed above, if opt.2-1 is applied for CORESET#0, the dedicated spectrum less than 5MHz can be supported with just some small modification in the configuration table. The spec impact is small.
Observation 5: If a new CORESET#0 configuration table with less than 24 PRBs is to be introduced for the configuration, less specification impact can be expected. 
Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
[bookmark: OLE_LINK20]If the new table is based on puncturing of 24 PRBs CORESET#0, similar enhancement as opt.1 should be made. Considering other modification of the table, this option has the larger specification impact. 
Above all, we prefer Opt.2-1, i.e., introducing a new table with a set of PRBs that are less than (or equal to) 24 PRBs.
Proposal 5: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that available PRBs for CORESET#0 is less than 24PRBs, a new CORESET#0 configuration table with a set of PRBs that are less than (or equal to) 24 PRBs is to be introduced.
Notes:
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used.
· The offset with a negative value can be introduced into the configuration table. 
 Non-zero CORESET
As the channel BW is limited in approximately 3MHz, at most 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. It seems that the channel bandwidth cannot be fully utilized, thus reducing the capacity and flexibility of PDCCH transmission resource selection. This restriction is especially serious for narrowband system. A potential manner is changing a configuration granularity of the CORESET, for example, to 3 PRBs, so that the CORESET bandwidth can be configured with full 15 PRBs of the 3MHz channel bandwidth. 
Observation 6: Following the existing CORESET configuration granularity of 6 PRBs, the maximum configurable bandwidth of CORESET is 12 PRBs. The channel bandwidth cannot be fully utilized, thus reducing the capacity and flexibility of PDCCH transmission resource selection.
Proposal 6: New granularity, e.g., 3 PRBs, for CORESET bandwidth configuration should be supported for making full use of channel bandwidth resources under dedicated spectrum less than 5MHz.
 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 7: 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  
6.1 CSI-RS for RRM
In RAN1#112, we reached a conclusion about the CSI-RS issue for 3MHz channel bandwidth. One remaining issue is CSI-RS for RRM.
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM 


In current NR, the bandwidth of CSI-RS for RRM measurements is configurable among {24, 48, 96, 192, 264} PRBs. Obviously, the existing CSI-RS will exceed the system bandwidth of the dedicated spectrum less than 5MHz, which will affect the performance of mobility measurement.  
And there are two options of CSI-RS for RRM. 
Opt1: configure a lower bandwidth for CSI-RS for RRM, such as, size 12.
Opt2: use SSB for RRM.
Since there is a fixed period for sending and receiving the SSB, time flexibility of performing RRM by using SSB is limited. In addition, there is a loss in SSB-based RRM receiving performance due to the reduction of available PRBs in dedicated spectrum less than 5MHz. Considering these impacts, we slightly prefer Opt1.
[bookmark: _GoBack]Proposal 8: 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 size20.
6.2 CSI-RS other than for RRM
During RAN1#112 meeting, it has been discussed about whether a new UE capability should be defined for indicating of the support of an arbitrary size of CSI-RS/TRS. And the following proposal was made for 5MHz channel BW. 
	[bookmark: OLE_LINK45]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz.
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.



In legacy NR, for CSI-RS for L1-RSRP/SINR and CSI acquisition, the UE shall expect that the number of PRBs for CSI-RS fulfils min(24,) For TRS, the bandwidth of CSI-RS is the minimum of 52 and  resource blocks, or is equal to   resource blocks. 
According to the following incoming LS from RAN4 during Rel-15 [6], a UE can be configured a BWP with PRBs less than UE CC Bandwidth. Therefore, the size of CSI-RS/TRS in dedicated spectrum less than 5MHz can be well defined by configuring a BWP with bandwidth less than 5MHz. And there is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
	RAN4 made the following agreement in R4-1801006 on BWP configuration and requirement applicability.
•	UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
•	UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured
•	RAN4 will only apply the requirements according to set of UE CBW.


With above, we have the following observation.
[bookmark: OLE_LINK29][bookmark: OLE_LINK6]Observation 7: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz. 
 PUCCH
In RAN1#112, the potential enhancement on PUCCH was discussed and the remaining issue is the necessity for PUCCH FH disabling. 
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 (15 PRBs) as an example, frequency hopping can be configured as long as the bandwidth of PUCCH is not higher than 8 PRBs. 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.
As for common PUCCH configuration, the FH is by default enabled. As emphasizes in section 6, UE supports an arbitrary size of initial UL BWP without capability signaling [6], then the PUCCH hops can be always within the transmission BW. Therefore, it prefer to follow exiting behavior . 
[bookmark: OLE_LINK5]Observation 8: This is an unnecessary optimization for gNB to 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
Proposal 1: For frequency bands with 3 MHz channel bandwidth other than band n100, the PBCH transmission bandwidth is 15 PRBs.
Proposal 2: For frequency bands with 3 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 15 PRBs.
Proposal 3: For frequency bands with 5 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 25 PRBs as legacy.
PBCH reception
Observation 1: The performance degradation for about 2.7 dB and 5.4 dB will be caused by PBCH puncturing with 5 PRBs and 8 PRBs, respectively.
Observation 2: Comparing with PBCH puncturing, the performance gain for about 1.6 dB and 4.0 dB can be got by PBCH remapping with 15 PRBs and 12 PRBs, respectively. 
Observation 3: Comparing with PBCH puncturing, PBCH remapping does NOT require additional optimization to avoid legacy UEs to camp on the dedicated spectrum. 
Proposal 4: For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRBs, do NOT confirm the WA and adopt the following scheme. 
•	PBCH remapping (i.e., PBCH encoding is based on 20 PRBs. The encoded bits and DMRS are only mapped to the available PRBs for PBCH transmission.)
PDCCH decoding
Observation 4: If legacy CORESET configuration table is reused, at least the following issues should be further discussed, 
· How to indicate the available PRBs for PDCCH transmission?
· How to transmit PDCCH in the available resources of CORESET#0?
· whether to support partial CCE
· whether to support non-interleaved CCE-to-REG mapping for CORESET#0
· whether to introduce new aggregation level
Observation 5: If a new CORESET#0 configuration table with less than 24 PRBs is to be introduced for the configuration, less specification impact can be expected. 
Proposal 5: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that available PRBs for CORESET#0 is less than 24PRBs, a new CORESET#0 configuration table with a set of PRBs that are less than (or equal to) 24 PRBs is to be introduced.
Notes:
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used.
· The offset with a negative value can be introduced into the configuration table. 
Observation 6: Following the existing CORESET configuration granularity of 6 PRBs, the maximum configurable bandwidth of CORESET is 12 PRBs. The channel bandwidth cannot be fully utilized, thus reducing the capacity and flexibility of PDCCH transmission resource selection.
Proposal 6: New granularity, e.g., 3 PRBs, for CORESET bandwidth configuration should be supported for making full use of channel bandwidth resources under dedicated spectrum less than 5MHz.
Definition of initial DL BWP
Proposal 7: 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 8: 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.
Observation 7: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
PUCCH
Observation 8: This is an unnecessary optimization for gNB to disable the PUCCH FH function. 
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 Appendix
Appendix A. Evaluate of PBCH reception performance
Table A-1: Required SNR for PBCH detection with 1% BLER for PBCH remapping and PBCH puncturing
	 Case
	Baseline
 (20 PRBs)
	Remapping
(15PRBs) 
	Puncturing 
(15PRBs)
	Remapping
(12PRBs) 
	Puncturing 
(12PRBs)

	Required SNR
	0.4 dB
	1.5 dB
	3.1 dB
	1.8dB
	5.8dB


According to the evaluation results shown in Table A-1, remapping can provide 1.6 dB gain compared to using puncturing with 15 PRBs available, and 4.0 dB gain with 12 PRBs available. The detailed BLER versus SNR curves are plotted in Figure A-1.
Table A-2: 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 and PBCH puncturing


[image: ]
Figure A-2: PBCH decoding performance of different number of DMRS sequences under remapping scheme
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Figure A-3: PBCH decoding performance of different number of DMRS sequences under puncturing scheme
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