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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk116910599]In RAN #94-e meeting, the WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved in [1]. The objectives are following:
	· [bookmark: _Hlk116909354]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:
· [bookmark: _Hlk116911808]Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· [bookmark: _Hlk116910765]Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· [bookmark: _Hlk117754380]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:
· [bookmark: _Hlk117757731]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 provide our views and potential specification impacts from RAN1 perspective, i.e., the necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz. 

2. Discussions  
Currently, the minimum channel bandwidth defined for NR operation is 5MHz. The objective of this WI is to enable NR operation with the system bandwidth from approximately 3 MHz up to below 5 MHz with minimum specification impact. Before discussing potential specification impacts from RAN1 perspective, we think following points need to be confirmed or clarified which may have impacts on the design.  
· Point 1: The dedicated spectrum with less than 5MHz channel bandwidth will not support NR legacy UEs. Therefore, backward compatibility does not need to be considered for potential enhancement.  
· Point 2: No new channel bandwidth below 5MHz such as 3MHz with 15KHz SCS will be defined by RAN4. RAN4 will only specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28. Therefore, the 5MHz channel bandwidth (25PRBs) will be used as a nominal channel bandwidth to support the spectrum allocations from approximately 3 MHz (15 or 16PRBs, exact number should be defined by RAN4) up to below 5MHz. 
· Point 3: The criterion to decide the necessary and minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support needs to be clarified. Without clear requirement, it will be difficult to decide whether reusing the existing design with simply puncturing can achieve acceptable performance or not.  

For NR operating in these dedicated spectrum bands, the system will be configured with 5MHz channel bandwidth (nominal BW), while the actual operating bandwidth (actual BW) is less than 5MHz. Then the first issue needs to be addressed is how to let the UE aware of the location of the actual BW (the starting and ending PRB), so that the UE can receive the effective signals/channels and make the puncture correctly especially for a UE in RRC_IDLE state. Otherwise, the DL demodulation performance for SSB/CORESET#0 etc., will be degraded and the UE cannot access the cell. For example, the actual BW for a dedicated spectrum is 15/16 PRBs (around 3MHz) and network only uses the 15/16 PRBs to transmit PBCH. If a UE does not know the starting PRB and the actual number of PRBs used for PBCH which is less than 20PRBs, the UE will still receive and decode 20-PRB PBCH with some unknown signals, resulting in PBCH decoding performance loss. To check the performance loss for PBCH with puncturing, we evaluated following cases, an illustration is shown in Figure 1. Table 1 summarizes the results. The detailed simulation assumptions can be found in Appendix.
· Case 1: legacy behavior: Network transmits 20-RB PBCH, the UE receives the PBCH without puncturing (as baseline)
· Case 2: Network transmits “punctured” PBCH (i.e. 20RB punctured to 16RB), the UE receives the 20-PRB ‘PBCH’ as legacy, i.e. UE is not aware of the puncturing from NW side. Within the 20-PRB ‘PBCH’, AWGN interference used to mimic the interference received on the 4-PRB at one side.  
· Case 2-1: The power difference between AWGN interference and PBCH is 0dB
· Case 2-2: The power difference between AWGN interference and PBCH is -3dB
· Case 3: Network transmits “punctured” PBCH (i.e. 20RB punctured to 16RB), the UE receives the 16-RB PBCH with puncturing, i.e. UE is aware of the puncturing from NW side. 
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Figure 1: illustration for PBCH receptions

Table 1: PBCH decoding performance for different cases
	Case
	SINR for 1% BLER [dB]
	SINR loss[dB]

	Case 1
	7.00
	--

	Case 2-1
	>40 [Note]
	>40

	Case 2-2
	10.50
	3.5

	Case 3
	8.83
	1.83

	Note: SINR > 40 means no SINR can be found for 1% BLER within the SINR workable range



Based on above results, in order to decode PBCH successfully with correct puncturing, the UE needs to know the puncturing from NW side, i.e. location of the actual transmitted part of the “original” PBCH. Potential solutions can be based on the RAN4 defined system parameters such as band/channel and/or sync rasters for the associated dedicated spectrum. For example, when the UE found the SSB on the sync rasters defined for the dedicated spectrum, UE can know the location of the actual RBs used for PBCH transmission.

Proposal 1: For a UE accessing a NR cell that is operating in spectrum allocations from approximately 3 MHz up to below 5 MHz, it needs to know the location of the actual BW used for PBCH transmission by the system parameters such as channel and/or sync rasters for the associated dedicated spectrum. 
In the following, we present our initial views for PDCCH, i.e., CORESET#0, CSI-RS/TRS, PUCCH, and PRACH operating on the dedicated spectrum less than 5MHz assuming, targeting for the functional support based on existing design. 
CORESET#0
During cell search, the UE determines the configuration for Type0-PDCCH CSS set and the associated CORESET#0 from MIB. Correct reception of CORESET#0 is essential to get the all the information that a UE needs to know for performing the initial access. For the dedicated spectrum less than 5MHz, based on existing design, its CORESET#0 configurations should reuse the configurations for NR with 5MHz channel bandwidth. As shown in Table 13-1 of TS 38.213 [2], the index 0 ~ index 5 with 24-PRB and 2~3-symbol CORESET#0 can be the candidates for the dedicated spectrum. 
	
[image: ]
Similar as PBCH, evaluation is needed to check the performance for CORESET#0 with puncturing assuming UE knows the location of the actual BW for the dedicated spectrum. The evaluation is conducted with following assumptions and Table 2 gives the required SINR for achieving 1% BLER for PDCCH decoding.   
· The CORESET#0 configuration is 24 PRBs and 3 symbols. PDCCH uses AL=8 and the DCI size is 40 bits. Based on TS 38.211 [3], CORESET#0 always uses interleaved CCE-to-REG mapping with REG bundle size of 6 and interleave size R=2. 
· As shown in Figure 2, by reusing current CORESET#0 design, Network transmits PDCCH using AL=8 with actually 36PRBs and punctures CCE 5 and 7, the UE receives the PDCCH with CCE 0,1,2,3,4,6 assuming CCE 5 and 7 are punctured.
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Figure 2: illustration for PDCCH reception with puncturing

Table 2: Performance for PDCCH decoding
	Case
	SINR for 1% BLER [dB]
	SINR loss[dB]

	Case 1: NW transmits PDCCH with AL=8 on 5MHz actual BW 
(as legacy)
	2.5
	--

	Case 1: NW transmit only 3MHz part of the PDCCH with AL=8
	5.75
	3.25



Given the UE has the knowledge of the actual PDCCH transmission BW, the PDCCH performance degradation is around 3dB for 2 CCEs puncturing, and the required SINR for achieving 1% PDCCH BLER is 5.75dB which is lower than the SINR required for 1% BLER PBCH. Therefore, by reusing existing CORESET#0 configuration/design for 5MHz channel bandwidth with puncturing, the performance may be acceptable. 
Observation 1: For CORESET#0 in dedicated spectrum less than 5MHz, when its configuration is 24PRBs and 3 symbols, for PDCCH using AL=8, the required SINR is 5.75dB for 1% BLER by puncturing 2CCEs, which is lower than the required SINR for 1% BLER PBCH decoding. 
Proposal 2: For CORESET#0 in dedicated spectrum less than 5MHz, reuse existing design and configurations for 5MHz channel bandwidth.  

PRACH
NR supports both long and short PRACH preamble types. There are total 13 types of preamble formats defined in [3] Table 6.3.3.1-1 for long preamble and Table 6.3.3.1-2 for short preamble. Among them, only PRACH preamble Format 3 with 5 KHz numerology occupies 4.32MHz, exceeding 3MHz. PRACH preamble Format 3 is mainly used to support high speed such as 500km/h scenario. It is noted that the short preamble formats with 15KHz numerology can also support high speed scenario, especially the preamble length PRACH format B4, (A3+B3) are comparable with the preamble length of PRACH format 3 as 1ms. Therefore, unless it is found that other PRACH formats cannot meet the performance requirements for the dedicated spectrum, there seems no need to support or enhance PRACH format 3 for the NR cell operating the spectrum allocation less than 5MHz.  
Proposal 3: For NR cell operating the spectrum allocation less than 5MHz, PRACH format 3 is not supported. 

[bookmark: _Hlk117781730]MSG3 and Common PUCCH for MSG4 HARQ-ACK feedback
From configuration/signaling perspective, current specification provides full flexibility to support a BWP of any size. Therefore, SIB1 can configure a UE with the initial UL BWP of the size not larger than the actual bandwidth for the dedicated spectrum. However, it is not sure the initial UL BWP of any size is feasible from UE implementation perspective. If it is feasible given no legacy UE will be supported in the dedicated spectrum, then there is no issue for MSG3 and common PUCCH transmission with intra-slot frequency hopping (FH). 
[bookmark: _Hlk117784423]If Rel-18 UEs are mandated to support only BWP sizes corresponding to nominal channel BW defined in TS 38.101 [4], then the initial UL BWP should be configured with 5MHz with the actual spectrum less than 5MHz. For such case, there is issue for the UL transmission with FH. Given the actual spectrum bandwidth is less than 5MHz, the gain brought by FH is expected to be small. Therefore, disabling FH is one simple solution to avoid the UE transmitting the MSG3/PUCCH outside of actual bandwidth. For MSG3 transmission, current specification supports to disable FH by setting the value of frequency hopping flag field as 0 in the RAR grant. While for common PUCCH that without dedicated RRC configuration used for acknowledgement of MSG4, the mechanism introduced for R17 RedCap to disable the FH for common PUCCH can be reused here.  
Observation 2: 
· If it is feasible for UE to implement any size of initial UL BWP, no issue is found for MSG3 and common PUCCH for MSG4 HARQ-ACK feedback with FH. 
· Otherwise, to prevent the UE transmits MSG3 and common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
· For MSG3, FH can be disabled by setting the value of frequency hopping flag field as 0 in the RAR grant.
· For common PUCCH, FH can be disabled by SIB1 based on the Rel-17 RedCap mechanism. 
Proposal 4: There is no need to enhance MSG3 and common PUCCH for NR cell operating the spectrum allocation less than 5MHz.

CSI-RS/TRS
The main target for CSI-RS/TRS transmission in dedicated spectrum is to support CSI-RS/TRS with flexible bandwidth from approximately 3 MHz up to below 5 MHz. Since the number of PRBs for CSI-RS/TRS is multiple of 4, for bandwidth from 3MHz to 5MHz, the CSI-RS/TRS bandwidth sizes of 12, 16, 20, 24 PRBs need to be supported. Rel-16 TEI introduced flexible TRS bandwidth (i.e., TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs) for BWP of 52 RBs [5]. Similar approach can be adopted to support the CSI-RS/TRS for dedicated spectrum allocations less than 5MHz. 
Proposal 5:  Define TRS bandwidth sizes of 12, 16, 20, 24 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
· Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs can be the starting point. 
3. Conclusion
This contribution provides our initial views on how to support NR deploying in spectrum allocations less than 5MHz from physical layer perspective. The observation and proposals are summarized as following:
Observation 1: For CORESET#0 in dedicated spectrum less than 5MHz, when its configuration is 24PRBs and 3 symbols, for PDCCH using AL=8, the required SINR is 5.75dB for 1% BLER by puncturing 2CCEs, which is lower than the required SINR for 1% BLER PBCH decoding. 
Observation 2: 
· If it is feasible for UE to implement any size of initial UL BWP, no issue is found for MSG3 and common PUCCH for MSG4 HARQ-ACK feedback with FH. 
· Otherwise, to prevent the UE transmits MSG3 and common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
· For MSG3, FH can be disabled by setting the value of frequency hopping flag field as 0 in the RAR grant.
· For common PUCCH, FH can be disabled by SIB1 based on the Rel-17 RedCap mechanism. 
[bookmark: _GoBack]Proposal 1: For a UE accessing a NR cell that is operating in spectrum allocations from approximately 3 MHz up to below 5 MHz, it needs to know the location of the actual BW used for PBCH transmission by the system parameters such as channel and/or sync rasters for the associated dedicated spectrum.
Proposal 2: For CORESET#0 in dedicated spectrum less than 5MHz, reuse existing design and configurations for 5MHz channel bandwidth.  
Proposal 3: For NR cell operating the spectrum allocation less than 5MHz, PRACH format 3 is not supported. 
Proposal 4: There is no need to enhance MSG3 and common PUCCH for NR cell operating the spectrum allocation less than 5MHz.
Proposal 5:  Define TRS bandwidth sizes of 12, 16, 20, 24 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
· Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs can be the starting point. 
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4. Appendix
Table General evaluation assumption for PBCH and CORESET#0
	Parameter
	Evaluation assumptions

	Scenario
	Urban: 4GHz, SCS=15kHz

	Channel model
	TDL-A (delay spread: 30ns)

	UE velocity
	3km/h

	Number of gNB antenna port in LLS
	2Rx

	Number of UE antenna port in LLS
	1Tx/1Rx
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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 Number of RBs | Number of Symbols | .. (RBS)

multiplexing pattern Ny COREET NEoRESET
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
1 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved





