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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]. 

2 Discussion
2.1 General
	Issue 1-1-4: Applicability rules
Way forward:
Further discussion is needed on how to define applicability rules:
· Option 1: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_less than_5MHz_BW.
· Other options are not precluded.


Taking into account that the applicability rules are to introduce requirements for UE demodulation for less than 5 MHz on dedicated spectrum. It is preferable to create the new applicable table for the UE support NR_FR1_less than_5MHz_BW. As some requirements are still under discussion, a new applicability rules table will be discussed when all requirements have been finished. On the other side, if we agree to introduce a new applicability table, we propose to also introduce a new section (e.g. 5.1.1.X) for NR_FR1_less than_5MHz_BW.
Proposal 1. It is preferable to create the new applicable table for the UE support NR_FR1_less than_5MHz_BW.
Proposal 2. If RAN4 agrees to introduce a new applicability table, propose to also introduce a new section (e.g. 5.1.1.X) for NR_FR1_less than_5MHz_BW.

2.2 PDSCH requirements
	Issue 1-2-1: Introduction of PDSCH requirements
Way forward:
Introduction pf PDSCH requirements for less then 5MHz requires further discussion:
· Option 1: Do not introduce new PDSCH requirements for 3MHz CBW
· Option 2: Introduce new requirements for PDSCH for 3MHz CBW
· Option 2-a: in non-HST conditions
· Option 2-b: with HST channel
· Option 2-c: Option 2-a and Option 2-b


The performance of PDSCH requirements with 3MHz CHBW was evaluated in our contribution [3]. To maintain consistency, it is important to note that there are no UEs that only support a maximum channel bandwidth of 5MHz. From our simulation results [3] show no significant difference in performance between 3MHz and legacy requirements(e.g. 10MHz). From our point of view, we propose reusing existing requirements if introducing PDSCH requirements for 3MHz, we propose to reuse existing requirements. Otherwise, we believe it is unnecessary.
Observation 1. Our simulation results shown no significant difference in performance between 3Mhz and legacy requirements.
Proposal 3. If introducing PDSCH requirements for 3MHz, we propose to reuse existing requirements.




	Issue 1-2-3: SDR requirements
Way forward:
Introduction of SDR requirements for less than 5MHz CBW requires further discussion:
· Option 1: Do not introduce new SDR requirements for 3MHz CBW
· Option 2: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW


SDR test requirements have already been introduced to 5MHz, we do not anticipate any issues with introducing them for 3MHz CBW. Therefore, we propose to introduce SDR requirements for 3MHz CBW.
Proposal 4. It is propose to introduce SDR requirements for 3MHz CBW.

2.3 PDCCH requirements 
	Issue 1-3-2: Requirements for punctured PDCCH
Way forward:
Further discussion of requirements for punctured PDCCH is needed:
· Option 1: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_less than_5MHz_BW considering the following parameters:
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs); Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0.
· Option 2: Introduce requirements, if test ability issue is resolved.
· Option 3: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing.


As mentioned in previous meeting, there is some test issues for PDCCH requirements in CORESET#0. From  the perspective of RAN4, it’s challenging to find a way to test the PDCCH requirements that belong to CSS. Therefore, we propose not to introduce new requirements for punctured PDCCH with a focus on CORESET#0 puncturing.

Proposal 5. It is propose not to introduce new requirements for punctured PDCCH with a focus on CORESET#0 puncturing.

	Issue 1-3-3: PDCCH requirements in HST conditions
Way forward:
The Issues requires further discussion:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2: Not to introduce HST scenario for PDCCH requirements.


It was observed that PDCCH requirements were never introduced by RAN4 in legacy HST conditions, and therefore, there is no need to introduce them in NR_FR1_less than_5MHz_BW. 
Proposal 6. It is propose not to introduce HST scenario for PDCCH requirements.

2.4 PBCH requirements 
	Issue 1-4-2: PBCH requirement in HST conditions
Way forward:
Further discuss whether to introduce PBCH requirements in HST conditions:
· Option 1: Define PBCH requirements in HST conditions considering the following parameters:
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	SSB/PBCH index
	Propagation condition
	Antenna configuration and correlation matrix
	Reference value

	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/4Rx Low
	1
	TBD



· Option 2: Not to introduce HST scenario for PBCH requirements.


In relation to PBCH requirements in HST scenarios, it’s important to note that RAN4 has never introduced PBCH requirements in HST scenarios. Therefore, it is unclear why we need to introduce PBCH requirements in HST scenarios for 3MHz. Even if RAN4 punctured upper 4PRBs and lower 4PRBs for 3MHz, we have agreed to introduce punctured RBs requirements only in non-HST conditions. However, PBCH requirements have not yet been tested in RAN5. Therefore, it is recommended that PBCH requirements not be introduced in HST conditions.
Proposal 7. It is recommended that PBCH requirements not be introduced in HST conditions.

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for less than 5MHz demodulation requirements, The conclusions are:

Observation 1. Our simulation results shown no significant difference in performance between 3Mhz and legacy requirements.
Proposal 1. It is preferable to create the new applicable table for the UE support NR_FR1_less than_5MHz_BW.
Proposal 2. If RAN4 agrees to introduce a new applicability table, propose to also introduce a new section (e.g. 5.1.1.X) for NR_FR1_less than_5MHz_BW.
Proposal 3. If introducing PDSCH requirements for 3MHz, we propose to reuse existing requirements.

Proposal 4. It is propose to introduce SDR requirements for 3MHz CBW.
Proposal 5. It is propose not to introduce new requirements for punctured PDCCH with a focus on CORESET#0 puncturing.
Proposal 6. It is propose not to introduce HST scenario for PDCCH requirements.
Proposal 7. It is recommended that PBCH requirements not be introduced in HST conditions.
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