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1. Introduction
[bookmark: _Hlk528680199]According to workplan [1], it is the time to kick off demodulation discussion for this WI. The corresponding objective for core part and performance part are copied below from WID [2]. 
The following objectives shall be included for dedicated FDD spectrum in FR1:​
· 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.​

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 contribution, general view for BS demodulation requirements is provided.   

2. Discussion
2.1 	General
According to the WID, the target CBW is 3MHz for less than 1GHz FDD frequency bands and there is no new UL physical channel modification in RAN1 discussion. The most significant enhancement is on PBCH. In that case, the BS receiver algorithm won’t change for 3MHz. 
[bookmark: _Toc146740319]No physical channel modification for UL for 3MHz CBW.
From the demodulation requirement perspective, current applicability rule for PUSCH is:
8.1.2.1.2 Applicability of requirements for different channel bandwidths 
For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1). 
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth. 

To avoid no requirement situation if a BS only support the minimum CBW, most of PUSCH feature requirements cover the minimum and the maximum CBW per SCS. Thus, it is straightforward to define new PUSCH requirements for 3MHz.    
[bookmark: _Toc146740321]Proposal 1 	Introduce new PUSCH demodulation requirements for 3MHz with 15kHz SCS. 
The applicability rule for PUCCH is: 
8.1.2.2.3 Applicability of requirements for different channel bandwidths 
For each subcarrier spacing declared to be supported by the BS, the test requirements for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1). 
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.

It is same as PUSCH that the requirement for the closest channel bandwidth lower than this widest supported bandwidth should be defined, so the 3MHz requirements should be introduced.
[bookmark: _Toc146740322]Proposal 2 	Introduce new PUCCH demodulation requirements for 3MHz with 15kHz SCS.
Existing PRACH requirements are defined for any CBW per SCS, so no need to define new requirements specifically for 3 MHz. 
[bookmark: _Toc146740323]Proposal 2-1 	No new PRACH reception requirements for 3MHz with 15kHz SCS.

2.2	Requirement scope
Beside basic PUSCH and PUCCH requirements, it is confirmed in RAN plenary meeting that UE speed up to 500km/h is the target for n100 [3]. In that case, HST demodulation requirements should also be in the scope.  As for enhanced features, such as URLLC, NR-U, coverage enhancement etc., they might not be the target use case for 3MHz and could be deprioritized for discussion regarding the simulation effort. 
Following test cases can be candidates for PUSCH:
1. PUSCH with precoding disabled.
2. PUSCH with precoding enabled.
3. UCI multiplexed on PUSCH.
4. UL timing adjustment. 
5. PUSCH for high-speed train: both 350km/h and 500km/h
The corresponding configuration could follow legacy NR FR1 configuration but only consider FDD 15kHz SCS. 
The maximum PRB number for 3MHz is 15 in TS38.101-1, but there is an exception that PRB number could be 12 on n100. From demodulation perspective, there might not be big performance difference between 12 or 15 PRBs. It could be possible to use 15PRB for non-HST requirements but 12PRB for HST requirements. If test non-HST performance on n100, the current applicability rule might be reused that put 12 PRB in the center of 15PRBs to do the test.  
[bookmark: _Toc146740320]The PRB number of 3MHz is different between n100 band and other bands. 
For PUCCH, normal requirements for format 0/1/2/3/4 could be candidates. 
[bookmark: _Toc146740324]Proposal 3 	Consider define new PUSCH FR1 3MHz demodulation requirements for following test cases:
· [bookmark: _Toc146740325]PUSCH with precoding disabled.
· [bookmark: _Toc146740326]PUSCH with precoding enabled.
· [bookmark: _Toc146740327]UCI multiplexed on PUSCH.
· [bookmark: _Toc146740328]UL timing adjustment
· [bookmark: _Toc146740329]PUSCH for high-speed train: both 350km/h and 500km/h
 
[bookmark: _Toc146740330]Proposal 4 	Consider define new normal PUCCH FR1 3MHz demodulation requirements for format 0/1/2/3/4.  
[bookmark: _Toc146740331]Proposal 5 	RAN4 to discuss the PRB number of 3MHz for requirements based on following options: 
1. [bookmark: _Toc146740332]Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
2. [bookmark: _Toc146740333]Use 15 PRB for all requirements to align with 38.141-1 definition.
3. [bookmark: _Toc146740334]Use 12 PRB for all requirements. 

3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	No physical channel modification for UL for 3MHz CBW.
Observation 2	The PRB number of 3MHz is different between n100 band and other bands.

Based on the discussion in the previous sections we propose the following:
Proposal 1 	Introduce new PUSCH demodulation requirements for 3MHz with 15kHz SCS.
Proposal 2 	Introduce new PUCCH demodulation requirements for 3MHz with 15kHz SCS.
Proposal 2-1 	No new PRACH reception requirements for 3MHz with 15kHz SCS.
Proposal 3 	Consider define new PUSCH FR1 3MHz demodulation requirements for following test cases:
	PUSCH with precoding disabled.
	PUSCH with precoding enabled.
	UCI multiplexed on PUSCH.
	UL timing adjustment
	PUSCH for high-speed train: both 350km/h and 500km/h
Proposal 4 	Consider define new normal PUCCH FR1 3MHz demodulation requirements for format 0/1/2/3/4.
Proposal 5 	RAN4 to discuss the PRB number of 3MHz for requirements based on following options:
1.	Use 15 PRB for non-HST requirements and 12 PRB for HST requirements.
2.	Use 15 PRB for all requirements to align with 38.141-1 definition.
3.	Use 12 PRB for all requirements.
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