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The introduction of Less than 5 MHz for Rel-18 has been outlined in the WID [1], with an aim to increase the utilization of 5G NR in bands that support less than 5MHz such as Rail communications, public protection and disaster relief (PPDR), utilities or other requirements.
RAN4 Demodulation will specify the performance of Less than 5MHz to enable this feature, specifically RAN4 will focus on the scope, channel scenario, rank, operating SNR, carrier bandwidth and other implementation aspects to define both the UE and BS demodulation performance of Less than 5MHz.
The main objectives from the WID [1] are as follows:
	Objective of SI or Core part WI or Testing part WI
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.




In addition, the <5MHz work item defines the following (highlighted in green) objectives related to BS Demodulation ([1]):
	 
“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)”




During RAN4#110 there were no identified open issues in the WF [3] for BS demodulation:
In the following contribution we will provide Nokia’s view on the background and scope for RAN4 to specify BS demodulation performance requirements related to less than 5MHz CBW.
Within this paper we present Nokia’s views on the BS Demodulation for less than 5MHz.
The analysis is supported with a set of link-level simulation results presented in the accompanying paper [4].
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PUCCH
Inclusion of PUCCH Requirements in TS 38.104
At RAN4#110 it was agreed to only introduce new demodulation requirement for PUCCH format 2.
These requirements could be added to the existing Table 8.3.4.2.2-1 within TS 38.104 with the specified requirement for 1T2R only, whilst 1T4R and 1T8R remain as not applicable. Thus the table will become as follows:
Table 8.3.4.2.2-1: Minimum requirements for PUCCH format 2 with 15 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	3 MHz
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	TBD
	0.2
	0.8
	1.2

	1
	4
	Normal
	TDLC300-100 Low
	N/A
	-3.6
	-3.2
	-3.2

	
	8
	Normal
	TDLC300-100 Low
	N/A
	-6.8
	-6.7
	-6.8



[bookmark: _Toc163049807]RAN4 shall introduce PUCCH requirements into the existing Table 8.3.4.2.2-1.

Performance Impact and applicability rule.
During RAN4#110 it was agreed to introduce an applicability rule into TS 38.141-1/2 PUCCH format 2 whereby BS which supports less than 5MHz spectrum will only undertake new test for Format 2, whilst it can pass tests for 5MHz on all other formats.
The wording for this could be under a new clause with the following heading:
“Applicability of requirements for PUCCH with 3MHz Spectrum”
With the following wording:
“Unless otherwise stated, PUCCH requirements where the channel bandwidth is 3MHz tests shall apply only if the BS supports 3MHz (see D.14 in table 4.6-1), in these cases the BS can skip the respective 5MHz test.”
[bookmark: _Toc163049808]RAN4 shall introduce the applicability rule “Unless otherwise stated, PUCCH requirements where the channel bandwidth is 3MHz tests shall apply only if the BS supports 3MHz (see D.14 in table 4.6-1), in these cases the BS can skip the respective 5MHz test.” into TS 38.141-1/2.

[bookmark: _Toc116995848]Conclusion
Within this contribution we have discussed and introduced the demodulation requirements for Less than 5MHz. 
In the paper, the following Observations and Proposals were made:
Proposal 1: RAN4 shall introduce PUCCH requirements into the existing Table 8.3.4.2.2-1.
Proposal 2: RAN4 shall introduce the applicability rule “Unless otherwise stated, PUCCH requirements where the channel bandwidth is 3MHz tests shall apply only if the BS supports 3MHz (see D.14 in table 4.6-1), in these cases the BS can skip the respective 5MHz test.” into TS 38.141-1/2.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref118336985][bookmark: _Ref138944559][bookmark: _Ref127179904]RP-231425: “Revised WID: NR support for dedicated spectrum less than 5 MHz”, Nokia, Nokia Shanghai
[2] [bookmark: _Ref138944572]TS 38.104 v18.1.0. Technical Specification Group Radio Access Network; NR; Base Station (BS) radio transmission and reception (Release 18). March 2023
[3] [bookmark: _Ref142058865][bookmark: _Ref157413984]R4-2321064, “WF on system parameters for less than 5 MHz channel bandwidth”, Nokia, Nokia Shanghai Bell, 3GPP RAN4 #109, Nov, 2023
[4] [bookmark: _Ref145923241][bookmark: _Ref146533021][bookmark: _Ref155364929]R4-2404122 “Supporting Simulations for BS Demodulation on Less than 5 MHz”, Nokia, RAN WG4 #110-bis, Changsha, Apr 2024
[5] [bookmark: _Ref149561980]R1-2308521 Updated RAN1 UE features list for Rel-18 NR after RAN1#115 Moderators (AT&T, NTT DOCOMO, INC.), Oct. 2023
[6] [bookmark: _Ref149562178]TS 38.141 v18.3.0. Technical Specification Group Radio Access Network; NR; Base Station (BS) conformance testing Part 1: Conducted conformance testing (Release 18). Sep 2023


