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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)”




During RAN4#108-bis the following items are presented as open issues in the WF [3]:
	Issue 2-1-1: Introduction of requirements

Way forward:
· Further discuss the scope of PUSCH requirements:
· FFS, whether to introduce full set of Rel-15 requirements for PUSCH for BS supporting only less than 5 MHz CBW, e.g.,
· PUSCH with precoding disabled.
· PUSCH with precoding enabled.
· UCI multiplexed on PUSCH.
· FFS, the limited set of requirements for PUSCH for BS supporting multiple CBWs (i.e., less and more than 5MHz CBW)
· FFS, on applicability rules for PUSCH depending on the supported BW.

Issue 2-1-2: Performance evaluation/simulations
Way forward:
Use the following parameters as a starting point for performance evaluation:
· PUSCH with precoding disabled (CP-OFDM)
· Use parameters from Rel-15 5MHz CBW requirements as a baseline by updating the CBW to 3MHz:
· Number of PRBs: 12
· MCS: 16
· 1T2R, 1 layer
· Note: Other parameters for simulations and requirements are not precluded

Issue 2-1-3: PUSCH requirements in HST conditions
Way forward:
FFS,
· Which test to consider for HST conditions in less than 5MHz CBW, e.g.,
· UL timing adjustment
· PUSCH for high-speed train: 350km/h and/or 500km/h
· which propagation conditions to consider for HST scenario (500km/h speed):
· Option 1: The maximum Doppler is 815Hz
· Option 2: TDLC 300-600
· Other options are not precluded

Issue 2-2-1: Performance evaluation/simulations for PUCCH
Agreement:
· Evaluate PUCCH demodulation performance for 3MHz with 15kHz SCS ahead of defining requirements:
· Enable Frequency Hopping for PUCCH
· Number of PRBs:
· 15, 12 for 3MHz CBW
· 25 as a baseline for 5MHz CBW
· Channel: TDLC300-100
· Antenna configuration: 1T2R as a starting point
· Use the following PUCCH Formats and paramters as a astarting point :
· [bookmark: _Hlk147982140]Format 0: UCI bits = 1; RB = 1; OFDM Symbols = 1,2
· Format 1: UCI bits = 2; RB = 1; OFDM Symbols = 1
· Format 2: UCI bits = 4 (when OFDM==1), 22 (when OFDM==2); RB = 4 (when OFDM==1), 9 (when OFDM==2); OFDM Symbols = 1,2
· Format 3: UCI bits = 16; RB = 1 (when OFDM==14), 3 (when OFDM==4); OFDM Symbols = 4,14
· Format 4: UCI bits = 22; RB = 1; OFDM Symbols = 14
· Note: Other paramters are not precluded

Issue 2-2-2: Introduction of PUCCH requirements
Way forward
· Based on the performance evaluation:
· Introduce new requirements for all formats/cases if the performance difference is observed in any of the formats
· FFS, on applicability rules for PUCCH depending on the supported BW

Issue 2-3-1: Introduction of RACH requirement
· FFS whether applicability rule or note for long RACH sequences in less than 5 MHz bandwidths are needed.




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 a 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.

PUSCH
Scope and Introduction of Requirements
PUSCH with precoding disabled (CP-OFDM)
To provide baseline assessment requirements should be defined with CP-OFDM
[bookmark: _Toc149818935]For less than 5MHz supporting devices, it is assumed the CP-OFDM will be the default waveform.
[bookmark: _Toc149818936]RAN4 shall define requirements for PUSCH for less than 5MHz with precoding disabled (CP-OFDM).
PUSCH with precoding enabled (DFT-s-OFDM)
To provide requirements for cell edge and range extension as may be required by devices that use less than 5 MHz, requirements should be defined for DFT-s-OFDM.
[bookmark: _Toc149818937]For less than 5MHz supporting devices some of these will be operating at cell edge, and as such there would be a desire for low PAPR support with increased coverage, as such implying that precoding may be enabled.
[bookmark: _Toc149818938]RAN4 shall define requirements for PUSCH for less than 5MHz with precoding enabled (DFT-s-OFDM)
UCI Multiplexed on PUSCH
The impact of UCI multiplexing should make little difference on the demodulation performance of PUSCH, so we do not believe that requirements should be defined for this case.
[bookmark: _Toc149818939]UCI Multiplexing should have little impact on PUSCH performance.
[bookmark: _Toc149818940]RAN4 shall NOT define requirements for UCI multiplexed on PUSCH for the less than 5MHz work item.
Performance evaluation
Within our companion TDoc [4], PUSCH performance requirements are presented for the following cases.
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From the results provided in our companion TDoc [] there is little performance different between 12 and 15 PRB deployments and as such only one set of requirements should be defined.
[bookmark: _Toc149818941]There is little performance difference on PUSCH for less than 5MHz between 12 and 15 PRBs
We note that some bands will support both 12 and 15 PRBs, such that requirements defined with 12 PRBs represent the minimum PRB allocation
[bookmark: _Toc149818942]Some bands will support 12 and 15 PRB, with 12 PRB being the minimum PRB allocation.
[bookmark: _Toc149818943]RAN4 shall define requirements for PUSCH on Less than 5MHz with 12 PRBs.
[bookmark: _Toc149818944]Bands other than n100 will only be required to support 15 PRB allocation, as such requirements should also be defined for 15 PRB.
[bookmark: _Toc149818945]RAN4 shall define requirements for PUSCH on Less than 5MHz with 15 PRBs.
PUSCH for less than 5MHz has significant difference in performance between TDLA 30-10 and TDLB 100-400 and due to the wide variety of devices that can be used to support less than 5MHz spectrum, requirements should be defined for both.
[bookmark: _Toc149818946]PUSCH with less than 5MHz has demonstratable worse performance in TDLB 100-400 compared to TDLA 30-10 whilst both deployment scenarios are valid in accordance with the WID.
[bookmark: _Toc149818947]RAN 4 shall define PUSCH requirements for less than 5MHz in both TDLA 30-10 and TDLB 100-400.
DMRS has an impact within more challenging multipath and doppler as experienced in TDLB 100-400, and as such additional DMRS should be used for requirements in TDLB 100-400.
[bookmark: _Toc149818948]In TDLB 100-400 for reasonable performance additional DMRS should be used with position (1+1)
[bookmark: _Toc149818949]RAN4 shall define PUSCH requirements for less than 5MHz with additional DMRS in position (1+1).
PUSCH requirements in HST conditions
UL Timing Adjustment
The UL timing adjustment aspect should have little impact on BS demodulation performance, thus should not be included in requirements definition.
[bookmark: _Toc149818950]There is no need to define performance requirements based on UL timing adjustment for Less than 5MHz BS Demodulation.
PUSCH for HST modelling
We note that Less Than 5MHz has not been included in HST requirements in previous releases, however there is an intrinsic link in deployment between HST and Less Than 5MHz, specifically around GSM-R replacement, whereby less than 5MHz can support railway use cases, and HST being a specific railway use case.
Therefore, if requirements are to be defined for HST for less than 5MHz independently of any HST activity, we propose that the maximum velocity of a device at 500 km/h is utilised for requirements definition.
This corresponds to a maximum doppler of 815 Hz, for channel modelling.
[bookmark: _Toc149818951]A doppler shift of 815 Hz corresponds to a velocity of 500 km/h in BS Demod.
[bookmark: _Toc149818952]If adopted, RAN4 shall use a maximum doppler of 815 Hz for a HST scenario.

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 frequency bins within a hopping set can overlap with a RB allocation of 9RB and a maximum set of 12 or 15 RB.
[bookmark: _Toc149818953]RAN4 shall use PUCCH formats 1,3 and 4 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: _Toc149818954]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: _Toc149818955]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: _Toc149818956]PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
[bookmark: _Toc149818957]RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.
Performance Impact and applicability rule.
Within our companion TDoc the performance of all formats of PUCCH are presented, however we note that format 2 is the main PUCCH format impacted due to the reduce frequency allocation. Thus a BS which supports less than 5MHz spectrum will only undertakes new test for Format 2, whilst if can pass tests for 5MHz on all other formats
[bookmark: _Toc149818958]It may be that only Format 2 has impacted performance for less than 5MHz allocation
[bookmark: _Toc149818959]An Applicability rule shall be introduced into TS 38.141 to enable a base station declaring to support less than 5MHz to conduct a new test with only Format 2 for PUCCH, wording FFS.
RACH
Applicability rule
Due to the reduced bandwidth allocation, the long format 3 of PRACH would not be able to be supported in devices that support spectrum allocations less than 5MHz.
Below is an extract from TS 38.141[6] for the current applicability rules for PRACH
	[bookmark: _Toc21100106][bookmark: _Toc29809904][bookmark: _Toc36645289][bookmark: _Toc37272343][bookmark: _Toc45884589][bookmark: _Toc53182612][bookmark: _Toc58860353][bookmark: _Toc58862857][bookmark: _Toc61182850][bookmark: _Toc66728165][bookmark: _Toc74961969][bookmark: _Toc75242879][bookmark: _Toc76545225][bookmark: _Toc82595328][bookmark: _Toc89955359][bookmark: _Toc98773786][bookmark: _Toc106201547][bookmark: _Toc115191401][bookmark: _Toc122013232][bookmark: _Toc124156051][bookmark: _Toc131537811][bookmark: _Toc137398018][bookmark: _Toc138882261]8.1.2.3.3	Applicability of requirements for different channel bandwidths
Unless otherwise stated, for the subcarrier spacing to be tested, the test requirements shall apply only for anyone channel bandwidth declared to be supported (see D.14 in table 4.6-1).




We note that for Less than 5MHz as the UE feature list [5] indicates only the following PRACH preambles are supported.
“Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS”
Therefore, a new paragraph is proposed in the applicability rule within TS 38.141 of the following.
	8.1.2.3.3	Applicability of requirements for different channel bandwidths
Unless otherwise stated, for the subcarrier spacing to be tested, the test requirements shall apply only for anyone channel bandwidth declared to be supported (see D.14 in table 4.6-1).

[For BS supporting less than 5MHz carrier bandwidth only test requirements relating to short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS shall apply]



[bookmark: _Toc149818960]Add a statement into clause 8.1.2.3.3 of TS 38.141 with the following wording [For BS supporting less than 5MHz carrier bandwidth only test requirements relating to short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS shall apply]
[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: For less than 5MHz supporting devices, it is assumed the CP-OFDM will be the default waveform.
Proposal 1: RAN4 shall define requirements for PUSCH for less than 5MHz with precoding disabled (CP-OFDM).
Observation 2: For less than 5MHz supporting devices some of these will be operating at cell edge, and as such there would be a desire for low PAPR support with increased coverage, as such implying that precoding may be enabled.
Proposal 2: RAN4 shall define requirements for PUSCH for less than 5MHz with precoding enabled (DFT-s-OFDM)
Observation 3: UCI Multiplexing should have little impact on PUSCH performance.
Proposal 3: RAN4 shall NOT define requirements for UCI multiplexed on PUSCH for the less than 5MHz work item.
Observation 4: There is little performance difference on PUSCH for less than 5MHz between 12 and 15 PRBs
Observation 5: Some bands will support 12 and 15 PRB, with 12 PRB being the minimum PRB allocation.
Proposal 4: RAN4 shall define requirements for PUSCH on Less than 5MHz with 12 PRBs.
Observation 6: Bands other than n100 will only be required to support 15 PRB allocation, as such requirements should also be defined for 15 PRB.
Proposal 5: RAN4 shall define requirements for PUSCH on Less than 5MHz with 15 PRBs.
Observation 7: PUSCH with less than 5MHz has demonstratable worse performance in TDLB 100-400 compared to TDLA 30-10 whilst both deployment scenarios are valid in accordance with the WID.
Proposal 6: RAN 4 shall define PUSCH requirements for less than 5MHz in both TDLA 30-10 and TDLB 100-400.
Observation 8: In TDLB 100-400 for reasonable performance additional DMRS should be used with position (1+1)
Proposal 7: RAN4 shall define PUSCH requirements for less than 5MHz with additional DMRS in position (1+1).
Observation 9: There is no need to define performance requirements based on UL timing adjustment for Less than 5MHz BS Demodulation.
Observation 10: A doppler shift of 815 Hz corresponds to a velocity of 500 km/h in BS Demod.
Proposal 8: If adopted, RAN4 shall use a maximum doppler of 815 Hz for a HST scenario.
Proposal 9: RAN4 shall use PUCCH formats 1,3 and 4 to initially agree the impact from moving to a bandwidth less than 5 MHz.
Proposal 10: RAN4 shall enable Frequency Hopping for PUCCH requirements definition.
Proposal 11: RAN4 shall use TDLC 300-100 Low channels to define requirements for PUCCH with Less than 5MHz.
Observation 11: PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
Proposal 12: RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.
Observation 12: It may be that only Format 2 has impacted performance for less than 5MHz allocation
Proposal 13: An Applicability rule shall be introduced into TS 38.141 to enable a base station declaring to support less than 5MHz to conduct a new test with only Format 2 for PUCCH, wording FFS.
Proposal 14: Add a statement into clause 8.1.2.3.3 of TS 38.141 with the following wording [For BS supporting less than 5MHz carrier bandwidth only test requirements relating to short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS shall apply]
[bookmark: _Toc116995849]
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