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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 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 the first set of link-level simulation results presented in the accompanying paper [4].

[bookmark: _Toc116995842]Discussion
Scope
For PUSCH the reduced RB allocation for the total bandwidth with the introduction of less than 5 MHz will likely impact the performance, and these new CBW and RB allocations are not captured in TS 38.104 [2], therefore RAN4 needs to introduce performance requirements for PUSCH.
Although no specification changes have been made for PUCCH signaling, the reduced bandwidth reduces the frequency diversity available within the frequency hopping for PUCCH, therefore this will have impact on requirements.
No specification changes have been made in RAN1 for PRACH. Short PRACH formats with 15kHz SCS and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths below 5 MHz for 3MHz and 5MHz channel bandwidth.
[bookmark: _Toc146697789]PRACH requirements for Less than 5MHz are not affected by the reduced BW allocation.
[bookmark: _Toc146697790]RAN4 shall define requirements for PUSCH for the less than 5 MHz
[bookmark: _Toc146697791]RAN4 shall define requirements for PUCCH for the less than 5 MHz

PUSCH
Channel Scenario
As this WI supports several use cases, ranging from utilities through to high speed train, we propose that a number of channel scenarios are utilized for PUSCH requirements definition, as such we would propose channel scenarios for a low speed, medium speed and high speed UE.
[bookmark: _Toc146697792]The WI supports several different types of UE with varying deployment and operational speed scenarios.
For this reasoning we propose that the channels should represent the following deployment characteristics:
Low Speed, Benign Multipath for devices such as a utility meter: Represented by TDLA 30-10
Medium Speed (100 kph), Moderate Multipath for devices such as a traditional railway locomotive: Represented by TDLB 100-400.
High Speed (~150 kph), Complex Multipath for devices such as a high speed train operating in a complex RF environment: Represented by TDLC 300-600.
[bookmark: _Toc146697793]The proposed channel models for PUSCH have been calculated based on the 4GHz carrier assumptions for FR1, however we note that a deployment carrier for Less than 5MHz could be at 900 MHz, and at this carrier frequency TDLC 300-600 would more accurately represent a speed of ~750 kph.
[bookmark: _Toc146697794]RAN4 should agree a carrier frequency for simulations prior to finalizing propagation conditions, as there could be significant differences in the velocity and doppler shift relationship between a 4GHz and 900 MHz carrier.
[bookmark: _Toc146697795]RAN4 shall use TDLA 30-10 Low, TDLB 100-400 Low to define requirements for PUSCH with Less than 5MHz.
[bookmark: _Toc146697796]RAN4 shall discuss the use of TDLC 300-600 to define requirements for PUSCH with Less than 5MHz, specifically to represent high speed use cases.
Rank
Current requirements in TS 38.104 utilize Rank 1 for all other carrier bandwidths, to remain consistent and to provide we propose that for Less than 5 MHz requirements shall be defined for both Rank 1.
[bookmark: _Toc146697797]Existing requirements for all other carrier bandwidths include Rank 1.
[bookmark: _Toc146697798]RAN4 shall define requirements for Less than 5MHz using Rank 1.
Rx Antenna Configuration
Current requirements in TS 38.104 utilize 2, 4 and 8 Rx Antenna configurations for 8Rx, to remain consistent we propose that for Less than 5 MHz requirements shall be defined with 2, 4 and 8 Rx Antenna configurations.
[bookmark: _Toc146697799]Existing requirements for all other carrier bandwidths include 2, 4 and 8 Rx Antenna configurations.
[bookmark: _Toc146697800]RAN4 shall define requirements with 2, 4 and 8 Rx Antenna configurations.
Carrier BW
As the goal of this work item to introduce less than 5MHz requirements. It is therefore critical that we introduce requirements for 3 MHz, should there be a performance difference to 5MHz requirements.
[bookmark: _Toc146697801]To support this work item requirements must be introduced for 3MHz Channel Bandwidth.
[bookmark: _Toc146697802]RAN4 shall use 3 MHz for defining performance requirements.
Sub Carrier Spacing
For less than 5MHz only 15 kHz sub-carrier spacing is supported, therefore requirements should use 15 kHz SCS.
[bookmark: _Toc146697803]RAN1 have only specified 15 kHz SCS for Less than 5 MHz.
[bookmark: _Toc146697804]RAN4 shall use 15 kHz for definition of requirements.
RB Allocation
For a 3 MHz CBW, and following the discussion in RRM, it is possible to support both 12 and 15 PRBs. In the scenarios where 12 RB performance is significantly different from 15 RB performance, requirements for the 12 RB should be defined. In order to understand the difference, interested companies are requested to provide simulation results in future meetings.
[bookmark: _Toc146697805]RAN4 shall use both 12 and 15 PRBs for definition of requirements for Less than 5 MHz.
We further note that within RF RAN4 have only defined requirements for the 15 PRB case.
[bookmark: _Toc146697806]RAN4 RF have defined requirements for the 15 PRB case only.
DMRS Mapping Type
For less than 5MHz both DMRS mapping types can be supported, and due to the potential for high speed UEs there may be a difference between the mapping type performance, where mapping type B may performance better at high speed, therefore for requirements definition both mapping types should be utilized.
[bookmark: _Toc146697807]RAN4 shall use both DMRS mapping type A and B for the definition of requirements.
Waveform Type
For less than 5MHz, CP-OFDM is supported, and therefore should be used to define requirements.
[bookmark: _Toc146697808]RAN4 shall use CP-OFDM for definition of requirements.
MCS
The FRCs used to define requirements in RF can be reused where appropriate. This includes MCS 4 and MCS 16 from Table 1.
[bookmark: _Toc146697809]RAN4 RF use MCS 4 and MCS 16 to define requirements for Less than 5 MHz.
[bookmark: _Toc146697810]RAN4 shall use MCS 4 and MCS 16 to define requirements for Less than 5MHz.

PUCCH
Formats
All formats are expected to be supported but we believe Formats 1 and 3 should be a starting point for the check of the impacts of Frequency Hopping.
A concern is that frequency diversity achieved via intra-slot frequency hopping is reduced with narrow bandwidth.  Narrow frequency hopping causes clear loss in the PUCCH detection and some loss is unavoidable due to the narrow bandwidth. This is most prevalent in Format 2 as can be observed in our companion simulation TDoc [4] where the ‘hamming distance’ between frequency hops and RB allocation is low with 9RB overlap.
[bookmark: _Toc146697811]RAN4 shall use PUCCH formats 1 and 3 to initially agree the impact from moving to a bandwidth less than 5 MHz.
Frequency Hopping
As discussed above, FH; PUCCH will cause significant impact with a reduced bandwidth and as such reduced frequency diversity.
[bookmark: _Toc146697812]RAN4 shall enable Frequency Hopping for PUCCH requirements definition.
Channel Scenario
Within TS 38.104 all PUCCH requirements are defined with TDLC 300-100 Low. TDLC  300-100 Low is a sensible channel for the WI as proposed, therefore PUCCH for less than 5MHz should utilize the TDLC 300-100 Low channel for performance requirements derivation.
[bookmark: _Toc146697813]RAN4 shall use TDLC 300-100 Low channels to define requirements for PUCCH with Less than 5MHz.
We note that at higher UE velocities that there may be some deterioration in performance, therefore whilst the requirements for PUCCH should follow alignment with existing requirements in the specifications we would encourage simulations to be provided with higher doppler propagation conditions.
[bookmark: _Toc146697814]PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
[bookmark: _Toc146697815]RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.
[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: PRACH requirements for Less than 5MHz are not affected by the reduced BW allocation.
Proposal 1: RAN4 shall define requirements for PUSCH for the less than 5 MHz
Proposal 2: RAN4 shall define requirements for PUCCH for the less than 5 MHz
Observation 2: The WI supports several different types of UE with varying deployment and operational speed scenarios.
Observation 3: The proposed channel models for PUSCH have been calculated based on the 4GHz carrier assumptions for FR1, however we note that a deployment carrier for Less than 5MHz could be at 900 MHz, and at this carrier frequency TDLC 300-600 would more accurately represent a speed of ~750 kph.
Proposal 3: RAN4 should agree a carrier frequency for simulations prior to finalizing propagation conditions, as there could be significant differences in the velocity and doppler shift relationship between a 4GHz and 900 MHz carrier.
Proposal 4: RAN4 shall use TDLA 30-10 Low, TDLB 100-400 Low to define requirements for PUSCH with Less than 5MHz.
Proposal 5: RAN4 shall discuss the use of TDLC 300-600 to define requirements for PUSCH with Less than 5MHz, specifically to represent high speed use cases.
Observation 4: Existing requirements for all other carrier bandwidths include Rank 1.
Proposal 6: RAN4 shall define requirements for Less than 5MHz using Rank 1.
Observation 5: Existing requirements for all other carrier bandwidths include 2, 4 and 8 Rx Antenna configurations.
Proposal 7: RAN4 shall define requirements with 2, 4 and 8 Rx Antenna configurations.
Observation 6: To support this work item requirements must be introduced for 3MHz Channel Bandwidth.
Proposal 8: RAN4 shall use 3 MHz for defining performance requirements.
Observation 7: RAN1 have only specified 15 kHz SCS for Less than 5 MHz.
Proposal 9: RAN4 shall use 15 kHz for definition of requirements.
Proposal 10: RAN4 shall use both 12 and 15 PRBs for definition of requirements for Less than 5 MHz.
Observation 8: RAN4 RF have defined requirements for the 15 PRB case only.
Proposal 11: RAN4 shall use both DMRS mapping type A and B for the definition of requirements.
Proposal 12: RAN4 shall use CP-OFDM for definition of requirements.
Observation 9: RAN4 RF use MCS 4 and MCS 16 to define requirements for Less than 5 MHz.
Proposal 13: RAN4 shall use MCS 4 and MCS 16 to define requirements for Less than 5MHz.
Proposal 14: RAN4 shall use PUCCH formats 1 and 3 to initially agree the impact from moving to a bandwidth less than 5 MHz.
Proposal 15: RAN4 shall enable Frequency Hopping for PUCCH requirements definition.
Proposal 16: RAN4 shall use TDLC 300-100 Low channels to define requirements for PUCCH with Less than 5MHz.
Observation 10: PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
Proposal 17: RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.
[bookmark: _Toc116995849]
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