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Introduction
NR specifications starting in Rel-15 defined a minimum bandwidth of 5 MHz channels. Although NR can support multiple channel bandwidths due to the flexible numerology implementation, channel bandwidths smaller than this are currently not supported in NR. Enhancements to operate NR on <5MHz dedicated spectrum would enable several esstial applications, e.g., parallel operation of Future Railway Mobile Communication System and GSM-R, massive infrastructure reuse and Public Protection and Disaster Relief and so on.
According to the WID [1], at least the following objectives should be specified.
	· 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 share our views for the complexity/cost reduction solutions.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion 
RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths (CBs) for the spectrum allocations on the bands of interest in this work item, and concluded the following [2]: 
	· 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.


Based on the above, RAN1 needs to further discuss the PBCH transmission bandwidth for 3MHz CB and CORESET#0 transmission bandwidth for both 3MHz and 5MHz CBs. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]PBCH reception
Illustration on PBCH reception
For some dedicated spectrum (e.g., Public Protection and Disaster Relief (PPDR), 2 x 3MHz FDD in band 28 has been identified in Europe), the PBCH cannot be transmitted completely, puncturing of PBCH is required (figure 1). While for some other spectrum (e.g., parallel operation of FRMCS and GSM-R in 900MHz FDD GSM-R bands), 3.6MHz can be used for NR, then the entire PBCH can be transmitted (if guard band is not needed).
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Figure 1. PDCH reception for 3MHz spectrum 

PBCH transmission BW
According to RAN’s LS, 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. In this case, larger performance loss is predictable. Our evaluation results for 12 PRBs are as follows, 
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Figure 2. PBCH reception and performance for 3MHz in 15KHz SCS
Around 3.5 dB loss is observed for 12PRBs and ~2.1 dB loss is observed for 15PRBs. From the performance point of view, it is not necessary to limit the PBCH transmission bandwidths to 12 PRBs for all band, i.e., for other bands with 3MHz channel bandwidth, the PBCH transmission bandwidth can be 15 PRBs.
Proposal 1: For the bands (except n100) with 3MHz channel bandwidth, the PBCH transmission bandwidth is 15 PRBs.

Possible enhancements of PBCH
For the ppossible enhancements of PBCH, the following working assumption was reached.
	Working Assumption
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


The transmission bandwidths for PBCH may include 15 PRBs and 12 PRBs, and the performance loss for these two BWs are around 2.1 and 3.5dB, respectively. The PBCH is not foreseen to be a bottle-neck channel. In addition, the loss can be compensated by UE implementation (multiple reception) or gNB implementation (e.g., power boosting, if feasible). Then the working assumption can be confirmed.
Proposal 2: Confirm the following working assumption:
[bookmark: _GoBack]Working Assumption
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

Puncturing pattern of PBCH
For the puncturing pattern of PBCH, some companies in RAN1 think that this should be depend on RAN4’s feedback on sync-raster design. However, RAN4 replied the following for this issue [3]:
	…
For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.


Therefore, RAN1 should discuss the puncturing pattern of PBCH first. 
· For 12PRBs transmission bandwidth
For 12PRBs transmission bandwidth, 8 PRBs need to be punctured. As the span of available PBCH is similar to that of PSS and SSS, and the PSS/SSS should be reused and without puncturing. Then, the PBCH puncturing pattern can be: 4 PRBs from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured (as illustrated by the following figure).
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Figure 3: Puncturing pattern of PBCH for 12PRBs transmission bandwidth
Proposal 3: For 12PRBs transmission bandwidth, 4 PRBs from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.

· For 15PRBs transmission bandwidth
For 15PRBs transmission bandwidth, 5 PRBs need to be punctured. There may have 4 possible patterns, listed as follows.
[image: ] 
Figure 4: Possible puncturing patterns of PBCH for 15PRBs transmission bandwidth
In general, the BLER performance for different puncturing patterns would be similar. In order to avoid complexity, we think one fixed puncturing pattern for all bands is enough. As we support 4 PRBs from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured for 12PRBs case, similar patterns (4PRBs are punctured in one side) should be prioritized. Therefore, we think pattern 1 or patter 4 in figure 4 should be selected. The pros and cons for pattern 1 or patter 4 need a further discussion in RAN1.
Proposal 4: For 15PRBs transmission bandwidth, one fixed puncturing pattern is selected for all bands.
Proposal 5: For 15PRBs transmission bandwidth, puncturing pattern is to be down-select from the following options:
· 4 PRBs from the top and 1 PRB from bottom of the legacy 20 PRBs-PBCH are punctured.
· 1 PRB from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.
CORESET#0 
Illustration on CORESET#0 reception
After the reception of SSB (PBCH), the UE needs to determine the frequency position of CORESET#0 based on the SCS of SSB, PDCCH-ConfigSIB1 and subCarrierSpacingCommon. Different SCS combinations corresponding to different reference tables (table 13-1 to 13-10 in 38.213[4]) for CORESET#0. For 15KHz SCS, table 13-1(copied as below, 38.213 [4]) is used for CORESET#0 determination. 
	TS 38.213: 
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





Based on the above table, the smallest span of CORESET#0 is 3.6MHz. That is to say, at least for 3MHz dedicated spectrum, the current design for CORESET#0 cannot be reused.

CORESET#0 transmission BW
According to RAN’s LS, the CORESET#0 transmission bandwidth is to be decided by RAN1. From our perspective, same BWs as PBCH can be the starting point, e.g., for the 3MHz channel bandwidth, CORESET#0 transmission bandwidth is 12 PRBs or 15 PRBs, and for the 5MHz channel bandwidth, CORESET#0 transmission bandwidth is 20 PRBs. 

CORESET#0 configuration
Regarding the configuration of CORESET#0 for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, RAN1#111 agreed to study following options,  
· 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 the RAN1#112, the options were discussed, and the lasted proposal by FL is as follows:
	Proposal 2: 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 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.
· 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


From our point of view, we prefer to reuse the current table (13-1). With the current table, the only work is to discuss/confirm which PRBs are used for CORESET#0 transmission and/or reception, i.e., which PRBs are punctured. In addition, we can introduce new interpretations for the values in the current table, if necessary. Introduce a new table will lead to huge spec impacts and discussion, while the RAN1 TU for this topic is relatively small, we should keep the current spec as much as possible.
Proposal 6: For transmission bandwidths <5 MHz, for CORESET#0 configuration table, in the cases that the max. transmission BW is less than 24PRBs, legacy CORESET configuration table is reused.


[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: For the bands (except n100) with 3MHz channel bandwidth, the PBCH transmission bandwidth is 15 PRBs.
Proposal 2: Confirm the following working assumption:
Working Assumption
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
Proposal 3: For 12PRBs transmission bandwidth, 4 PRBs from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.
Proposal 4: For 15PRBs transmission bandwidth, one fixed puncturing pattern is selected for all bands.
Proposal 5: For 15PRBs transmission bandwidth, puncturing pattern is to be down-select from the following options:
· 4 PRBs from the top and 1 PRB from bottom of the legacy 20 PRBs-PBCH are punctured.
· 1 PRB from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.
Proposal 6: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that the max. transmission BW is less than 24PRBs, legacy CORESET configuration table is reused.
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