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1. Introduction
In RAN#101 meeting, the WID[1] on NR supporting dedicated spectrum less than 5MHz for FR1 was approved with the following objective as 
	Core requirement
· 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.


Performance requirement
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 contribution, our view on the test scope and simulation parameters of UE demodulation requirement for dedicated spectrum less than 5MHz are provided.
2	Discussion
2.1	General aspects
In RAN4#108 meeting, the WF[2] was approved with the general aspects as: 
	Issue 1-5-1: Common HST propagation conditions and parameters
Way forward:
Further discuss which HST propagation conditions (500 km/h) and parameters to use:
· Option 1: Single-tap propagation conditions ( based on B.3.1)
· Ds = [300] m, Dmin = [2] m, f_d =[972] Hz
· Option 2: HST DPS propogation conditions (based on B.3.3.)
· Ds = [700] m, Dmin = [150] m, f_d = [TBA]

Issue 1-5-2: Applicability of requirements
Way forward:
FFS, how to introduce applicability rules for UE Demodulation and CSI reporting requirements in less than 5 MHz channel BW:
· Option 1: Create requirements’ applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
· Option 2: The new requirements are only applicable to the specific bands for this WI, instead of being band-agnostic.
· Other options are not precluded.




Issue 1-5-1: Common HST propagation conditions and parameters
Single-tap HST propagation condition is simplified and non-fading propagation model, which only captures the dynamic Doppler shift. In other words, testing single-tap HST can evaluate the performance of Doppler tracking ability of UE. In our view, verifying the Doppler tracking ability is enough for this WI. Therefore, we prefer single-tap propagation conditions.

Proposal 1: Apply single-tap HST for HST propagation conditions and parameters


Issue 1-5-2: Applicability of requirements
It is clear that the UE supporting 3MHz channel bandwidth would access to new sync raster introduced in TS38.101-1, which is applicable to the specific bands. Therefore, we think new applicability table for the UE supporting new sync raster needs to be introduced.

Proposal 2: Introduce new applicability table for the UE supporting new sync raster (specific bands)


2.2	PDSCH

In RAN4#108 meeting, the WF[2] was approved with the PDSCH as: 
	
Issue 1-1-1: Introduction of new requirements
Way forward
FFS, whether new PDSCH demodulation performance requirements needs to be introduced:
· FFS, whether to introduce a set of requirements for PDSCH for UE supporting only less than 5 MHz:
· Consider minimum requirements for RedCap (5.2.2.1.17) as a reference
· Further evaluate a need for optional features and excluding advance features which is out of scope of the RAN1 WI
· FFS, a need for SDR requirements
· FFS, a need to introduce the limited set or no new requirements for PDSCH for UE supporting multiple CBWs (i.e., less than and more than 5 MHz)

Issue 1-1-2: CA requirements
Agreement:
· Not to define PDSCH CA demodulation requirements with CBW less than 5 MHz.

Issue 1-1-3: PDSCH parameters for further evaluation (non-HST scenario)
Agreement:
· Consider the following parameters for further evaluation of PDSCH performance in less than 5MHz:
· Duplex: FDD, CBW: 3MHz, SCS: 15kHz, Number of PRBs: 15
· Parameters from RedCap PDSCH minimum requirements (5.2.2.1.17) can be used for reference
· Use 2 RX as a starting point, FFS 4 RX

Issue 1-1-4: PDSCH requirements in HST scenario
Way forward
· FFS, whether to introduce PDSCH requirements for less than 5MHz CBW in HST conditions with the speed up to 500 km/h:
· Option 1: Use HST DPS propagation conditions (B3.3) and test 5.2.2.1.10 as a reference
· Option 2: Use TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6 [single-tap propagation conditions B.3.1] as a reference
· 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
· Other options are not precluded
· FFS, the paramters (Dmin, Ds, f_d) of high speed propogation conditions




Issue 1-1-1: Introduction of new requirements

In our view, if a UE supports only 3MHz channel bandwidth, current requirements may not be applied to test cases for the UE. Thus some limited test cases (such as test case in RedCap) reusing test parameters from existing test cases by replacing channel bandwidth can be considered. 

Proposal 3: Introduce PDSCH requirements for 3MHz channel bandwidth

Issue 1-1-4: PDSCH requirements in HST scenario
When HST scenario is introduced, it was added in the PDSCH requirements, because PDCCH and PBCH are not considered as a bottleneck channel. In the same logic, we think HST can be included in the PDSCH requirements for less than 5MHz WI, if introduced. Also we think single-tap propagation (option2) is enough to evaluate the performance.

Proposal 4: Introduce HST single tap propagation condition for PDSCH requirements


2.3	PDCCH
In RAN4#108 meeting, the WF[2] was approved with the PDCCH as: 
	
Issue 1-2-1: Introduction of new requirements
Way forward:
FFS, whether new PDCCH demodulation performance requirements needs to be introduced in less than 5 MHz CBW:
· Consider only 15KHz SCS, FDD, 2Rx, FFS for 4Rx
· Option1: Don’t define PDCCH requirements for channel bandwidth less than 5MHz
· Non punctured PDCCH:
· Option 2: Define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting NR_FR1_lessthan_5MHz_BW:
· 12 PRB CORESET
· 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs)
· Option 3: Define (non-punctured) PDCCH demodulation requirements with 24 PRB PDCCH, for 5 MHz CBW with AL 4.
· Punctured PDCCH:
· FFS, how to address the testability issue, i.e., no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Option 4: If the testability issue can be resolved than consider PDCCH demodulation requirements with punctured PDCCH for CORESET#0 (FFS, testing punctured PDCCH mapped to USS in CORESET#0)
· with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved
· Other options are not precluded

Issue 1-2-2: Propagation conditions
Way forward:
· Consider the following propagation conditions:
· TDLA30-10 for 1Tx,
· TDLC300-100 for 2Tx antenna,
· HST propagation conditions for 500km/h speed
· FFS, Single-tap or HST DPS propagation conditions
· Other options are not preluded.




Issue 1-2-1: Introduction of new requirements
PDCCH requirements especially for CORESET0 needs to be verified for 3MHz and 5MHz channel bandwidth. According to RAN1 agreement 12PRB and 15PRB CORESET#0 is supported for 3MHz. For 12 PRB PDCCH no puncturing is expected, while upper 9 PRBs are punctured from 24 PRB PDCCH for 15 PRB PDCCH. Although 12 PRB PDCCH is already supported in the legacy specification, if a UE supports only 3MHz channel bandwidth, legacy requirements may not be applied to the test cases for the UE. Therefore, it needs to be specified for the UE that only supports 3 MHz channel bandwidth, if the UE declared such capability. 

According to RAN1#114b UE feature [3], the UE should support reception of 15PRB CORESET#0, if the UE declared capability to support 3MHz channel bandwidth. It means that the UE can receive both non-punctured PDCCH and punctured PDCCH. From performance perspective, performance loss is expected for punctured PRBs, which may need requirements to verify the UE supporting 3MHz channel bandwidth. Therefore, in case for introducing non-punctured PDCCH or punctured PDCCH, we think punctured PDCCH (option4) needs to be tested, if PDCCH requirements is introduced. 

For the testability issue, since CORESET#0 can be configured both CSS and USS. The contents of data scheduled by CORESET#0 would be different according to CSS or USS. For example CORSET#0 configured by CSS schedules SIB1, and configured by USS schedules other data, which has HARQ-ACK feedback. Thus, we think CORESET#0 can be tested by USS.

Observation1: CORESET#0 can be configured both CSS and USS
Proposal 5: Introduce PDCCH requirements with punctured PRB


Issue 1-2-2: Propagation conditions
Regarding HST scenario, we think it is not necessary to introduce for PDCCH requirements as it is not the bottleneck channel.

Proposal 6: Not to introduce HST scenario for PDCCH requirements


2.4	PBCH
In RAN4#108 meeting, the WF[2] was approved with the PBCH as: 
	
Issue 1-3-1: Need for new requirement
Agreement
· Define requirements for 12 PRB PBCH with 3 MHz CBW, 15kHz SCS, FDD, unknown SSB/PBCH index
· No requirement for known SSB index

Issue 1-3-2: Test metric
Agreement
· Reuse the Rel-15 PBCH demodulation test metric for punctured PBCH demodulation requirements.

Issue 1-3-3: PBCH parameters
Agreement
· Use the follwoing parameters as a starting point
	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
	TDLC300-100 
	1 x 2 Low,
[FFS, 1x4]
	1 
	TBD 



Issue 1-3-4: Whether to consider HST conditions for PBCH
Way forward
The issue requires further discussion:
· Option 1: Not to consider HST conditions for PBCH
· Option 2: Further check the impact of HST conditions on PBCH performance.
· Interested companies are encouraged to bring simulations results at the next meeting.




Issue 1-3-4: Whether to consider HST conditions for PBCH
Regarding HST scenario, we think it is not necessary to introduce for PBCH requirements as it is not the bottleneck channel. 

Proposal 7: Not to introduce HST scenario for PBCH requirements



2.5	CSI reporting
In RAN4#108 meeting, the WF[2] was approved with the PBCH as: 
	Issue 1-4-1: A need for new requirements
Way forward:
Further discussion is needed whether to introduce new CSI reporting requirements for channel bandwidth less than 5MHz:
· Option1: Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI.
· Option 2: Do not CSI requirements.
FFS, requirements and applicability rules if UE supports only less then 5MHz CBW




Issue 1-4-1: A need for new requirements
In our view, if a UE supports only 3MHz channel bandwidth, current requirements may not be applied to test cases for the UE. Thus some limited test cases (such as test cases in RedCap)  reusing test parameters from existing test cases by replacing channel bandwidth can be considered. 

Proposal 8: Introduce CSI reporting requirements



3	Conclusion
In this contribution, our view on UE demodulation requirement is provided.

Proposal 1: Apply single-tap HST for HST propagation conditions and parameters
Proposal 2: Introduce new applicability table for the UE supporting new sync raster (specific bands)
Proposal 3: Introduce PDSCH requirements for 3MHz channel bandwidth
Proposal 4: Introduce HST single tap propagation condition for PDSCH requirements
Observation1: CORESET#0 can be configured both CSS and USS
Proposal 5: Introduce PDCCH requirements with punctured PRB
Proposal 6: Not to introduce HST scenario for PDCCH requirements
Proposal 7: Not to introduce HST scenario for PBCH requirements
Proposal 8: Introduce CSI reporting requirements
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