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1. Introduction
During RAN#97-e meeting, a revised Work Item [1] has been approved on introduction of NR support for dedicated spectrum less than 5MHz for FR1. In this contribution, we want to share some initial views from system parameter perspective.
· 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.
2. Discussion
2.1. Maximum transmission bandwidth configuration
Firstly, we need to define the the maximum transmission bandwidth configuration NRB for 3 MHz. To be similar as LTE, it is proposed to define the requirement as specified in Table 2.1-1.
Table 2.1-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	3MHz

	
	NRB

	15
	15






Proposal 1: To define the maximum transmission bandwidth configuration NRB for 3 MHz channel bandwidth as 15.
2.2. Minimum guardband
For the minimum guardband, it should be calculated in the following way. Thus the minimum guard band for 3 MHz channel bandwidth is 142.5 kHz for SCS = 15 kHz.
minimum guardband = (BWChannel x 1000 (kHz) - NRB x SCS x 12) / 2 - SCS/2
Proposal 2: To define the minimum guardband for 3 MHz channel bandwidth as 142.5 kHz for SCS = 15 kHz.
2.3. Sync raster
The sync raster is used to indicate the frequency positions of the SSB can be used for MIB and timing acquisition when explicit signalling of the synchronization block position is not present. The current design of sync raster in NR for 100 kHz channel raster has a cluster of three raster positions every each 1.2 MHz, with the raster positions in each cluster having three frequency offsets of either 50, 150 or 250 kHz apart from multiples of 1.2 MHz, which is much sparser than the channel raster e.g.100 kHz. Take n100 (874.4-880/919.4-925 MHz) as an example, the related SSB reference frequency SSREF based on the legacy sync raster design are is as following:
Table 2.3-1: The current design of sync raster: N*1200+M*50 kHz
	N
	M
	GSCN
	SSREF [MHz]

	767
	5
	2302
	920.65

	768
	1
	2303
	921.65

	768
	3
	2304
	921.75

	768
	5
	2305
	921.85

	769
	1
	2306
	922.85


The sparsity of the existing NR sync raster is not applicable for small channel bandwidth, which will cause some PRBs of SSB being punctured. For example, there are at most 3.6 MHz available channel bandwidth in FRMCS use case, assuming the minimum guard band is 242.5 kHz similar as for 5 MHz, and the number of punctured PRBs of SSB based on the legacy sync raster design can be seen as the following picture:
[image: current sync raster]
Figure 2.3-1: The current design of sync raster: N*1200+M*50 kHz
As shown in Figure 1, there are four PRBs of SSB to be punctured at least. For approximately 3 MHz spectrum allocation, it is smaller than the bandwidth of SSB which is 3.6 MHz for 15 kHz, there would be some PRBs unavoidable to be punctured. If we follow the legacy sync raster design, it can be foreseen that more PRBs of SSB will be punctured. In order to minimize the punctured PRBs of SSB, we proposed to keep the sync raster and channel raster as 100 kHz. If we reuse 100 kHz sync raster design similar as LTE, the number of punctured PRBs of SSB is shown as Figure 2.3-2.
[image: 100 kHz]
Figure 2.3-2: 100 kHz sync raster
[bookmark: _GoBack]As illustrated in Figure 2.3-2, there are three PRBs of SSB are punctured which is fewer than in the former case. In order to evaluate the performance loss due to PBCH puncturing, the some initial link level simulation results are provided in Table 2.3-2 and simulation assumptions are listed in Annex. 
Table 2.3-2: Simulation results for PBCH performance degradation
	Cases
	Case1(baseline)
	Case2
	Case3

	
	No puncturing
	Punctured 4PRBs
	Punctured 3PRBs

	Performance loss compared with baseline
	0dB
	-2.55dB
	-1.88dB


[image: 20-17-16]
Figure 2.3-3: SNR for different cases
Based on the above analysis, the following observations could be made:
Observation 1: The performance loss of PBCH with 3PRBs punctured is -1.88 dB @BLER 10-2, which is better than the performance of PBCH with 4PRBs punctured that is -2.55 dB @BLER 10-2.
The reason for sparse sync raster designed in NR is that supported channel bandwidth in NR is large, which is up to 100MHz for FR1 and up to 200MHz for FR2, and sparse sync raster can significantly reduce the search time during initial access. This reduces UE power consumption and search complexity. For channel bandwidths which are less than 5MHz, even if the sync raster interval is reduced, it does not have a big impact on search complexity.
Proposal 3: To define 100 kHz sync raster for less than 5 MHz channel bandwidth.
3. Conclusion
In this contribution, we want to share some views on system parameter and the observations and proposals are made as following:
Proposal 1: To define the maximum transmission bandwidth configuration NRB for 3 MHz channel bandwidth as 15.
Proposal 2: To define the minimum guardband for 3 MHz channel bandwidth as 142.5 kHz for SCS = 15 kHz.
Observation 1: The performance loss of PBCH with 3PRBs punctured is -1.88 dB @BLER 10-2, which is better than the performance of PBCH with 4PRBs punctured that is -2.55 dB @BLER 10-2.
Proposal 3: To define 100 kHz sync raster for less than 5 MHz channel bandwidth.
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5. Annex
Table 5-1 Simulation assumptions 
	Parameter
	Value

	Carrier Frequency
	900MHz

	UE speed
	3 km/h

	System bandwidth
	3.6MHz

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx

	Subcarrier spacing
	15kHz

	PBCH payload (excluding 24bits CRC)
	32 bits

	Number of symbols for CORESET
	2

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

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

	Channel estimation
	Practical

	Receiver type
	MMSE

	Number of interfering TRPs 
	0 TRP

	Combined number
	4 SSBs
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