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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.
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The first step to access to NR system is SSB (SS/PBCH block) searching at the SS raster. According to [2], the NR SSB can be illustrated by figure 1. In the time domain, an SSB consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within the SSB, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols. In the frequency domain, an SSB consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SSB.  
[image: ]
Figure 1. NR SSB structure
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 SSB cannot be transmitted completely, puncturing of PBCH is required (figure 2). 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.
[image: ]
Figure 2. Puncturing of PBCH for 3MHz spectrum 
In general, puncturing of PBCH will lead to some performance loss. Figure 3 shows the performance loss for SSB reception, around 2 dB coverage loss at a 1% BLER target can be observed.
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Figure 3: SSB (PBCH) reception and performance for 3MHz in 15KHz SCS 
Observation1: Puncturing of PBCH will lead to around 2 dB coverage loss at a 1% BLER target for 3Mhz dedicated spectrum.

In RedCap SI, some evaluation results shows that the PBCH performance can be compensated by RF retuning and soft combine [3]. This can be illustrated by figure 4.
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Figure 4: Example of 5MHz (RF+BB) UE combining 4 partial PBCH receptions in RedCap SI


However, the difference is, 
· In RedCap evaluation cases, the gNB can transmit a complete PBCH, but the 5MHz (RF+BB) UE can only receive 5MHz PRB in 30KHz SCS at one time. 
· In dedicated spectrum, the gNB can only transmit a part of PBCH if the center frequency point of the SSB is fixed.
In order to compensate PBCH performance in dedicated spectrum, the transmission of SSB and how to enable soft combine for PBCH can be considered.
Proposal 1: How to enable soft combine for PBCH can be considered.

CORESET#0 
After the reception of SSB, 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[5]) 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





However, based on the above table, the smallest span of CORESET#0 is 3.6MHz. That is to say, for 3MHz dedicated spectrum, the current design for CORESET#0 cannot be reused.
Observation1: For 3MHz dedicated spectrum, the current design for CORESET#0 cannot be reused.
Therefore, how to configure CORESET#0 in dedicated spectrum should be discussed in RAN1.
Proposal 2: How to configure CORESET#0 in dedicated spectrum should be discussed in RAN1.
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· Observations
Based on the analyses and discussions, we have the following observations:
Observation1: Puncturing of PBCH will lead to around 2 dB coverage loss at a 1% BLER target for 3Mhz dedicated spectrum.
Observation1: For 3MHz dedicated spectrum, the current design for CORESET#0 cannot be reused.

· Proposals
Based on the analyses and above observations, we have the following proposals:
Proposal 1: How to enable soft combine for PBCH can be considered.
Proposal 2: How to configure CORESET#0 in dedicated spectrum should be discussed in RAN1.
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