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[bookmark: _Toc116995841]Introduction
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)”




In the following contribution we will provide Nokia’s view on 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.
[bookmark: _Toc116995842]Discussion
PUCCH
Inclusion of Note in test parameters for PUCCH Test
At RAN4#110-bis it was agreed to include a single set of requirements based upon 12 PRBs, which introduced a specific first PRB after the first frequency hop.
	· Define a single set of requirements based on 12 PRBs FH BW.
· Frist PRB after frequency hopping is 3 for 3MHz CBW and “The largest PRB index – (Number of PRBs – 1)” otherwise.



Nokia notes that due to the reduce PRB allocation that the first PRB will be 3 based upon the statement “The largest PRB index – (Number of PRBs – 1)” which is already included in the test parameters.
[bookmark: _Toc166048279]The statement “The largest PRB index – (Number of PRBs – 1)” implies that when the PRB allocation is 9 and the largest PRB index is 11, the first PRB will be 3, therefore this does not need to be explicitly stated.
However we also note that for 3MHz there is ambiguity for PUCCH whether to use 12 or 15 PRB allocation.
[bookmark: _Toc166048280]To the observer of the specification, there may be ambiguity whether there is a 12 or 15 PRB allocation.
Therefore, we confirm that for this note there is an absolute need for the first PRB after frequency hopping to be defined as 3.
[bookmark: _Toc166048281]RAN4 shall include said note to identify the first PRB after frequency hopping as 3.
Specifically this shall be included as a note in the test parameter table as follows:
Table 8.3.4.2.1-1: Test Parameters
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1) (Note 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Note 1 : For 3MHz, the first PRB after frequency hopping is 3.



[bookmark: _Toc166048282]RAN4 shall include the note in the test parameter table of TS 38.104 and 141 to identify the first PRB after frequency hopping as 3.

[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:
Observation 1: The statement “The largest PRB index – (Number of PRBs – 1)” implies that when the PRB allocation is 9 and the largest PRB index is 11, the first PRB will be 3, therefore this does not need to be explicitly stated.
Observation 2: To the observer of the specification, there may be ambiguity whether there is a 12 or 15 PRB allocation.
Proposal 1: RAN4 shall include said note to identify the first PRB after frequency hopping as 3.
Proposal 2: RAN4 shall include the note in the test parameter table of TS 38.104 and 141 to identify the first PRB after frequency hopping as 3.
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