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1 Introduction
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 request from vertical industry with the operator bandwidth less than 5MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In those above deployment scenarios, the possible 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:
· 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, n106, n26, n28 and n85:
· 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, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
Specify necessary UE/BS performance requirements for NR operation in dedicated FDD FR1 spectrum allocations from approximately 3MHz up to below 5MHz, corresponding to the core requirements:
· Specify necessary RRM performance requirements (RAN4)
· Specify necessary UE demodulation performance and CSI reporting requirements (RAN4)
· Specify necessary BS demodulation performance requirements (RAN4)
· Specify necessary BS conformance tests (RAN4)


In this document, we focus on the RAN4 demodulation aspects and discuss the potential enhancement for the dedicated spectrum less than 5MHz. 
2 Discussion
2.1 PBCH requirements
Based on the WID, only 15kHz SCS is supported for bandwidth less than 5MHz. The available spectrum for those vertical industry cases could be 3MHz, which is less than the bandwidth of existing PBCH with 15kHz SCS. Considering the existing PBCH bandwidth only 20RBs are available by configuration for NR FR1. Hence, some RBs could be punctured to ensure bandwidth is 3MHz for less than 5MHz scenario. Based on RAN1’s agreements, PBCH transmission bandwidth is 12PRBs, and the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured. The punctured PBCH is shown in Figure 1-1, which the upper 4PRBs and lower 4PRBs are punctured.
	· For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured.
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs



[image: ]
Figure 1-1: bandwidth configuration for dedicated spectrum less than 5MHz
Considering PBCH has a new structure for less than 5MHz, from RAN4 perspective, the performance of punctured PBCH needs to be re-evaluated.
Regarding other parameter, the antenna configuration can be same as existing requirement which needs to include 2Rx.
Proposal 1. Define PBCH demodulation requirements for less than 5MHz.
Proposal 2. Considering 2Rx for PBCH demodulation requirements.
2.2 PDSCH requirements 
Based on the WID, only 15kHz SCS is supported for bandwidth less than 5MHz. Hence, only FDD requirements could be considered for PDSCH.

 
The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in following Table.
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40 
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	N/A
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135



Thus, 3M/15kHz PDSCH demodulation requirements could be considered for less than 5MHz.
Regarding MCS and rank, the candidate MCS can include QPSK, 16QAM, 64QAM and 256QAM. And low rank (Rank 1, Rank 2) could be considered for PDSCH requirements.
For antenna configuration, 2Rx could be considered.
Proposal 3. Define 3M/15kHz PDSCH demodulation requirements for less than 5MHz .
Proposal 4. Considering QPSK, 16QAM for PDSCH requirements .
Proposal 5. Considering 2Rx for PDSCH requirements .
2.3 PDCCH requirements
In existing NR system, a minimum bandwidth of the CORESET#0 is 24RBs. Also in all existing PDCCH requirements [2], the minimum number of CORESET is 24RBs. 
However, according to RAN1’s agreements, three new CORESET#0 transmission bandwidths such as 12PRBs, 15PRBs and 20PRBs are supported for less than 5Mhz.
	· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4)
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with N RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· [bookmark: _Hlk142294917]In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported.
· The upper 4 PRBs of the CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.


Observation1. Three new CORESET#0 is defined in RAN1 perspective.
From what we understand, PDCCH for NR overall has the following characteristics:
· PDCCH occupies 1, 2, 4, 8, or 16 Control Channel Elements (CCEs).
·  1 CCE corresponds to 6 Resource Element Groups (REGs).
· 1 REG equals to 1 Resource Block (RB) in 1 OFDM symbol.
· The CCE-to-REG mapping depends on a specific time-frequency resource configuration of a CORESET that up to 3 symbols in the time-domain.
· The CCE-to-REG mapping can utilize one of the two following approaches:
·  Interleaved mapping
·  Non-Interleaved mapping
However, from RAN4 demodulation perspective, the number of CORESET#0 is not the decisive factor for demodulation performance. The number of CCE has a significant impact for PDCCH requirements. 
Therefore, when  or , the  aggregation levels and PDCCH symbols can be supported in following Table.
Table 2-1. Aggregation levels and PDCCH symbols when  or 5
	PDCCH symbols
	Aggregation levels

	1
	2

	2
	4

	3
	4



And for 20, the aggregation levels and PDCCH symbols can be supported in following Table.
Table 2-2. Aggregation levels and PDCCH symbols when 20
	PDCCH symbols
	aggregation level

	1
	2

	2
	4

	3
	8


Observation 2. When COROSET=12 or 15RB, only aggregation level = 2 or 4 could be supported. For CORESET = 20RBs, aggregation level = 2,4,or 8 could be supported.
Proposal 6. From RAN4 demodulation perspective, only considering aggregation level 2 and 4 for PDCCH requirements when PDCHH symbol = 1 and 2.
Regarding antenna configuration, 2Rx could be considered for PDCCH.
Proposal 7. Considering 2Rx for PDCCH demodulation requirements.

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for less than 5MHz demodulation requirements, The conclusions are:
Observation1. Three new CORESET#0 is defined in RAN1 perspective.
Observation 2. When COROSET=12 or 15RB, only aggregation level = 2 or 4 could be supported. For CORESET = 20RBs, aggregation level = 2,4,or 8 could be supported.
Proposal 1. Define PBCH demodulation requirements for less than 5MHz.
Proposal 2. Considering 2Rx for PBCH demodulation requirements.
Proposal 3. Define 3M/15kHz PDSCH demodulation requirements for less than 5MHz .
Proposal 4. Considering QPSK, 16QAM for PDSCH requirements .
Proposal 5. Considering 2Rx for PDSCH requirements .
Proposal 6. From RAN4 demodulation perspective, only considering aggregation level 2 and 4 for PDCCH requirements when PDCHH symbol = 1 and 2.
Proposal 7. Considering 2Rx for PDCCH demodulation requirements.
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