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[bookmark: _Ref149169304]Introduction
During the RAN4#108bis discussions, good progress was made on the topic of less than 5MHz demodulation performance and CSI requirements.
In the following, we would provide Nokia’s viewpoint on the remaining open issues and introduce new proposals where needed.
Discussion
General Aspects
[bookmark: _Ref149598260]Common HST propagation conditions and parameters
In RAN4#108bis it was discussed which propagation conditions and parameters would be used if HST requirements are introduced [1]:
	 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]




FRMCS deployments in n100 band are expected to have long inter-site distances on the level of several kilometers. Hence, SFN transmission scheme is not beneficial because the contribution of the far most cells in the joint transmission will not be significant.
SFN transmission scheme is not beneficial because the contribution of the far most cells in the joint transmission will not be significant.
For HST propagation conditions use single-tap propagation based on B.3.1

We do not see doppler changing much with high values of Ds so to save simulation time it can be considered to select lower values of Ds.
To reduce simulation time, lower value of Ds can possible be used the assumption that doppler is not changing much for high values of Ds, hence existing value for Ds=300m can be used.
For HST propagation conditions use Ds=300m.

Calculating the maximum Doppler @ 900MHz carrier frequency gives a value of 417Hz. Since the requirements will be based on 900MHz carrier frequency, the fd = 417Hz should be used.
The maximum doppler when v=500km/h and fcc = 900MHz (n100) is fd = 417Hz.
Introduce requirements for HST with fd = 417Hz to cover 900MHz band (n100)

Existing single tab channel profile from 38.101-4 is using Dmin = 2m. We do not see any reason the change this for less than 5MHz requirements definition.
Introduce requirements for HST with Dmin = 2m.

Applicability of requirements
In RAN4#108bis it was discussed how to introduce applicability rules for UE Demodulation and CSI reporting requirements [1]:
	 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.



The bands identified by the WID are n100, n8, n26 and n28. As all the bands are 900MHz or below, we would be fine to introduce applicability requirements, which indicates applicability only to these bands. We do, however, also not see any issues with creating requirements applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
Both creating requirements applicability table for UE supporting NR_FR1_lessthan_5MHz_BW or making the new requirements applicable to specific bands (i.e., not band-agnostic) can work.

PDSCH
Introduction of new requirements
In RAN4#108bis it was discussed if requirements for PDSCH should be introduced [1]:
	 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)




PDSCH Requirements
In 3MHz CBW any performance impacting effects on the edge PRBs, will have a relatively higher impact on overall performance, compared to existing 10MHz requirements where the higher number of non-edge PRBs will dilute the impact from the edge PRBs. This means, that the UE performance will be very susceptible to the edge effect of the implementation in particular the channel smoothening and filter implementation requiring the current implementations to be improved.
With 3MHz CBW, the UE performance numbers will be very sensitive to the edge effect of the implementation, in particular the channel smoothening and filter implementation. Hence, UEs supporting <5Mhz are expected to have potentially different implementations that privilege edge-PRB performance in any edge vs. non-edge trade-offs when compared to existing UEs. Thus, new requirements are needed to test UE performance with 3MHz CBW.
In addition, we see it possible that UEs will exist, which only support the frequency band n100, hence will not be tested with 10MHz CBW.
The frequency band n100 only support 3 and 5MHz CBW (see [R4-2304575]). It is expected that there will be UEs in deployment, which support only band n100, hence requirements with 5MHz and/or 3MHz CBW, SCS 15kHz is needed.
Introduce a new set of requirements for PDSCH for UE supporting only less than 5MHz with 3MHz CBW. Existing RedCap requirements can be used as reference/starting point.

SDR Requirements
SDR requirements already exist down to 5MHz. Introduction of 3MHz CBW can be done by extending the existing table to include 3MHz CBW.
As requirements already exists for SDR, including 3MHz into existing requirement definition can be done by extending the existing table to include 3MHz CBW.
Extend the existing SDR requirements section to include 3MHz CBW.

PDSCH parameters for further evaluation (non-HST scenario)
In RAN4#108bis it was parameters for further evaluation of PDSCH performance requirements were agreed [1]: 
	 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



We have provided our simulation result with above parameters in [2]. Our analysis show it generally impact the results with up to 1.5dB when using 3MHz CBW compared to 10MHz. From the resulting SNR levels, we see it to be feasible to define PDSCH requirements for non_HST scenario with CBW=3MHz.
In addition, we see basing the PDSCH requirements for non-HST scenario on parameters from RedCap as providing good coverage.
Our simulation results show significant difference between 10MHz CBW and 3MHz CBW which also depend on threshold and SNR measurement choices within the baseband algorithm, hence we see PDSCH requirements as relevant to be defined for both 2Rx and 4Rx. Existing RedCap requirements can be used as starting point with 3MHz CBW.
Define non-HST PDSCH requirements based on existing RedCap PDSCH, using 15 PRB, as follows:
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	3 / 15
	QPSK, 0.30
	TDLB100-400
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBD

	1-2
	R.PDSCH.1-2.1 FDD
	3 / 15
	16QAM, 0.48
	TDLC300-100
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBA

	1-3
	R.PDSCH.1-4.1 FDD 
	3 / 15
	256QAM, 0.82
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBA

	2-1
	R.PDSCH.1-3.1 FDD
	3 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBD



PDSCH requirements in HST scenario
In RAN4#108bis it was discussed if requirements for HST scenario should be introduced (see [1]): 
	 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 ropagatio (Dmin, Ds, f_d) of high speed ropagation conditions



As UEs with <5MHz CBW support are likely to be used in HST scenarios, we see it highly relevant to introduce PDSCH requirements for HST. 
As already described in section 2.1.1 we support using single-tap propagation conditions (TS38.101-4, section B.3.1) with the following parameters: Dmin=2m, Ds=300m, fd=471Hz, v=500km/h. 
Based on our initial simulation results in [2] we find using the existing HST tests 1-6 from TS38.101-4 tables 5.2.2.1.1-3 and 5.2.2.3.1-3 as a starting point to be reasonable.
It is likely that UEs with <5MHz CBW support only will be seen in actual deployment, hence requirements for HST scenario(s) are relevant and requested by rail operators. Using existing HST tests from TS38.101-4 as reference is a good starting point.
Define PDSCH requirements for HST scenario based on tests 1-6 from TS38.101-4 tables 5.2.2.1.1-3 and 5.2.2.3.1-3 as reference with the following parameters: Dmin=2m, Ds=300m, fd=471Hz, v=500km/h.

PDCCH
Introduction of new requirements
In RAN4#108bis 
	 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




Non punctured PDCCH:
For UEs supporting only <5MHz, new PDCCH requirements will be needed as otherwise such UEs will not be tested. Due to testability issues, it was highlighted in RAN4#108bis, that the maximum aggregation level which can be tested with 15 PRB/12 PRB CORESET is AL=2. It was also discussed to prioritize requirements for 5MHz CBW to enable AL=4, however only having 5MHz CBW requirements will not secure testing UEs only capable of <5MHz CBW.
Based on our simulation results [2] we see it possible to define requirements with both options, however since the WID is focusing on <5MHz we prefer to define PDCCH requirements with 3MHz CBW as minimum but are open to further discuss also defining requirements for 5MHz CBW.
To ensure UEs supporting only <5MHz CBW are tested, PDCCH requirements need to be defined for 3MHz CBW.
RAN4 shall define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting NR_FR1_lessthan_5MHz_BW with the following configuration: 12 PRB CORESET, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs). Further discuss if additionally, to introduce PDCCH requirements for 5MHz CBW.

Punctured PDCCH
As described in [3] the introduction of puncturing of CORESET#0 will have impact on performance. It was highlighted in RAN4#108bis, that for CORESET#0 allocated in CSS, no ACK/NACK will be available and since the ACK/NACK is used by the TE to derive performance indicators, it would not be testable when CORESET#0 is allocated in CSS. However, one alternative solution to enable testability is to allocate a CORESET#0 configuration in USS, hereby including DCI allocating user specific PDSCH, which would provide the required ACK/NACK.
Using CORESET#0 configurations in USS is possible from RAN1 and RAN2 perspective:
From RAN1 perspective, we have the following on the use of CORESET#0 for UE-specific search space:
· USS (as well as CSS) is configured with RRC IE SearchSpace, which allows to associate controlResourceSetId 0 (=CORESET#0) to the search space (from 38.331):
	[image: A screenshot of a computer
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The possibility to use CORESET#0 in USS is taken into account in 38.213 Section 10
(CORESET index 0 is used for CORESET#0 in 38.213. Following text has been since Rel15):
	[image: A screenshot of a document
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From 38.213 10.1 we have
	· “A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets

[...List of different CSSs…]
· a USS set configured by 
· SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI “



So, UE reports ACK/NACK e.g. for PDSCH scheduling DCI with CRC scrambled with C-RNTI in USS, where the USS is configured to use CORESET#0.
We found no limitations in RAN1 specifications which prohibits CORESET#0 to be used in USS in addition to CSS, rather it is specifically listed as one option.
When the UE receives DCI on CORESET#0 in USS, the UE reports ACK/NACK, e.g., for PDSCH scheduling DCI with CRC scrambled with C-RNTI in USS.

From RAN2 perspective, CORESET#0 can always be used in any CSS or USS since it is “common” to all BWPs and CORESET-SearchSpace mapping is configurable. From PDCCH-ConfigCommon we have the following:
		controlResourceSetZero
Parameters of the common CORESET#0 which can be used in any common or UE-specific search spaces. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) controlResourceSetZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions defined in TS 38.213 [13], clause 10 are satisfied.






In addition, the CSS
	SearchSpace field descriptions

	common
Configures this search space as common search space (CSS) and DCI formats to monitor.

	controlResourceSetId
The CORESET applicable for this SearchSpace. Value 0 identifies the common CORESET#0 configured in MIB and in ServingCellConfigCommon. Values 1..maxNrofControlResourceSets-1 identify CORESETs configured in System Information or by dedicated signalling. The CORESETs with non-zero controlResourceSetId are configured in the same BWP as this SearchSpace except commonControlResourceSetExt which is configured by SIB20. If the field controlResourceSetId-r16 is present, UE shall ignore the controlResourceSetId (without suffix).




Payload size
Based on 38.212 Section 7.3.1.2.1, we find the following which shows the DCI 1_0 size will be the same for DCI 1_0 with CRC scrambled with SI-RNTI in CSS and for DCI 1_0 with CRC scrambled with C-RNTI in USS:
		
	DCI 1_0 in CSS
	DCI 1_0 in USS

	CRC scrambled by 
	SI-RNTI
	C-RNTI

	DCI identifier
	n/a
	1

	FDRA 
	7
	7

	TDRA
	4
	4

	VRB-to-PRB mapping
	1
	1

	MCS
	5
	5

	NDI
	 
	1

	RV
	2
	2

	SI indicator
	1
	n/a

	HPN
	n/a
	4

	DAI
	n/a
	2

	TPC command
	n/a
	2

	PRI
	n/a
	3

	HARQ feedback timing indicator
	n/a
	3

	Padding bits
	n/a
	0

	Reserved
	15
	n/a

	Total
	35
	35






As can be seen from the table above, there is no change in DCI 1_0 size when configured for USS compared to CSS.
Hence, the demodulation performance and implementation are equal.
There will not be a change in the DCI 1_0 size, when configured for USS with C-RNTI compared to CSS with SI-RNTI.

In conclusion, our analysis has not found anything blocking having a testcase with punctured CORESET#0, when CORESET#0 is configured for USS. We also see no difference in DCI size even if it will contain DCI information allocating PDSCH. Based on our findings, requirements can be defined for punctured CORESET#0.
In addition, we see the configuration “with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved” as the configuration which best will test the UE capability of handling the punctured CORESET#0 as that specific setup will test 2.5 CCEs being punctured, see Figure 1.
[image: A screenshot of a graph
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[bookmark: _Ref149601389]Figure 1: CCE to REG mapping with interleaved and non-interleaved options in 15 RB CORESET#0
All the above leading to our proposal:
Define requirements with punctured CORESET#0 mapped to USS. Use the following configuration “with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved”.

Propagation conditions
In RAN4#108bis the following propagation conditions were discussed [1]:
	 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.



The above options proposed in RAN4#108bis are similar as what is used in existing PDCCH requirements for 10MHz CBW for non-HST and we will be fine with also using similar propagation conditions for 3MHz CBW.
Consider TDLA30-10 for 1Tx, TDLC300-100 for 2Tx when defining non-HST PDCCH requirements.
As previously discussed, (see section 2.1.1) we support defining HST requirements based on single-tap propagation conditions.
Use single-tap propagation conditions for 500km/h HST PDCCH requirement definition.

PBCH

PBCH parameters
In RAN4#108bis it was agreed to define PBCH requirements for unknow index. The parameters for PBCH was agreed. Only introduction of requirements for the antenna configuration of 1Tx4Rx was kept FFS [1]:
	 Issue 1-3-3: PBCH parameters
Agreement
· Use the following 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 






We have provided our simulation results using the agreed parameters in [2]. Our analysis show it generally impact the results with up to 1.5dB when using 3MHz CBW compared to 10MHz. From the resulting SNR levels, we see it feasible to define requirements for both 1Tx2Rx and 1Tx4Rx antenna configurations.
Define PBCH requirements for both 1Tx2Rx and 1Tx4Rx antenna configurations using the following configurations:
	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,
1 x 4 Low
	1 
	TBD 



Whether to consider HST conditions for PBCH
In RAN4#108bis it was discussed if PBCH requirements are to be defined for HST conditions [1]:
	 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.




It is likely that UEs with <5MHz CBW support only will be seen in actual deployment, hence requirements for HST scenario(s) are relevant and requested by rail operators.
As <5MHz is highly relevant for HST and puncturing of PBCH will have impact to the design of radio coverage we see that the control plane performance needs to be considered. Hence, it is important to further analyze the impact on the PBCH performance in HST conditions.
From our simulation results (see [2]) we can see significant impact on SNR levels (1.9 to 3.6dB) when comparing TDLC300-100 with HST417.
Our simulation results show 1.9dB to 3.6dB difference in performance between non-HST and HST cases when using 417Hz max doppler (900MHz).
Define PBCH requirements for HST conditions. Use the following configurations as 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
	[HST417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST417]
	1Tx/4Rx Low
	1
	TBD




CSI Reporting
Need for new requirements
In RAN4#108bis it was discussed if CSI requirements should be introduced [1]:
	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




As UEs only supporting less than 5MHz can exist, there is a need to define new CSI requirements, otherwise such UEs will not be testable:
Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI. Further discuss if applicability rules can be introduced.
For CQI requirements use existing RedCap requirements as starting point.
For PMI requirements use existing requirements for “Single PMI with 4Tx TypeI-SinglePanel Codebook” as starting point.
For RI requirements use existing requirements for 2Rx and 4Rx as starting point. FSS to down select after initial simulation results are available.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we have presented Nokia's view on the different aspects of UE demodulation performance and CSI requirements for new topic <5MHz including proposals on where to focus for requirement definition.

We have made the following observations and proposals

General Aspects
Common HST propagation conditions and parameters
1. SFN transmission scheme is not beneficial because the contribution of the far most cells in the joint transmission will not be significant.
1. For HST propagation conditions use single-tap propagation based on B.3.1

To reduce simulation time, lower value of Ds can possible be used the assumption that doppler is not changing much for high values of Ds, hence existing value for Ds=300m can be used.
For HST propagation conditions use Ds=300m.

The maximum doppler when v=500km/h and fcc = 900MHz (n100) is fd = 417Hz.
Introduce requirements for HST with fd = 417Hz to cover 900MHz band (n100)

Introduce requirements for HST with Dmin = 2m.

Applicability of requirements
Both creating requirements applicability table for UE supporting NR_FR1_lessthan_5MHz_BW or making the new requirements applicable to specific bands (i.e., not band-agnostic) can work.

PDSCH
With 3MHz CBW, the UE performance numbers will be very sensitive to the edge effect of the implementation, in particular the channel smoothening and filter implementation. Hence, UEs supporting <5Mhz are expected to have potentially different implementations that privilege edge-PRB performance in any edge vs. non-edge trade-offs when compared to existing UEs. Thus, new requirements are needed to test UE performance with 3MHz CBW.
The frequency band n100 only support 3 and 5MHz CBW (see [R4-2304575]). It is expected that there will be UEs in deployment, which support only band n100, hence requirements with 5MHz and/or 3MHz CBW, SCS 15kHz is needed.
Introduce a new set of requirements for PDSCH for UE supporting only less than 5MHz with 3MHz CBW. Existing RedCap requirements can be used as reference/starting point.

SDR Requirements
As requirements already exists for SDR, including 3MHz into existing requirement definition can be done by extending the existing table to include 3MHz CBW.
Extend the existing SDR requirements section to include 3MHz CBW.

PDSCH parameters for further evaluation (non-HST scenario)
Our simulation results show significant difference between 10MHz CBW and 3MHz CBW which also depend on threshold and SNR measurement choices within the baseband algorithm, hence we see PDSCH requirements as relevant to be defined for both 2Rx and 4Rx. Existing RedCap requirements can be used as starting point with 3MHz CBW.
Define non-HST PDSCH requirements based on existing RedCap PDSCH, using 15 PRB, as follows:
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	3 / 15
	QPSK, 0.30
	TDLB100-400
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBD

	1-2
	R.PDSCH.1-2.1 FDD
	3 / 15
	16QAM, 0.48
	TDLC300-100
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBA

	1-3
	R.PDSCH.1-4.1 FDD 
	3 / 15
	256QAM, 0.82
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBA

	2-1
	R.PDSCH.1-3.1 FDD
	3 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	
	
	
	
	
	2x4, ULA Low
	70
	TBD



PDSCH requirements in HST scenario
It is likely that UEs with <5MHz CBW support only will be seen in actual deployment, hence requirements for HST scenario(s) are relevant and requested by rail operators. Using existing HST tests from TS38.101-4 as reference is a good starting point.
Define PDSCH requirements for HST scenario based on tests 1-6 from TS38.101-4 tables 5.2.2.1.1-3 and 5.2.2.3.1-3 as reference with the following parameters: Dmin=2m, Ds=300m, fd=471Hz, v=500km/h.

PDCCH
Non punctured PDCCH
To ensure UEs supporting only <5MHz CBW are tested, PDCCH requirements need to be defined for 3MHz CBW.
RAN4 shall define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting NR_FR1_lessthan_5MHz_BW with the following configuration: 12 PRB CORESET, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs). Further discuss if additionally, to introduce PDCCH requirements for 5MHz CBW.

Punctured PDCCH
We found no limitations in RAN1 specifications which prohibits CORESET#0 to be used in USS in addition to CSS, rather it is specifically listed as one option.
When the UE receives DCI on CORESET#0 in USS, the UE reports ACK/NACK, e.g., for PDSCH scheduling DCI with CRC scrambled with C-RNTI in USS.
There will not be a change in the DCI 1_0 size, when configured for USS with C-RNTI compared to CSS with SI-RNTI.
Define requirements with punctured CORESET#0 mapped to USS. Use the following configuration “with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved”.

Propagation conditions
Consider TDLA30-10 for 1Tx, TDLC300-100 for 2Tx when defining non-HST PDCCH requirements.
Use single-tap propagation conditions for 500km/h HST PDCCH requirement definition.

PBCH
PBCH parameters
Define PBCH requirements for both 1Tx2Rx and 1Tx4Rx antenna configurations using the following configurations:
	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,
1 x 4 Low
	1 
	TBD 



Whether to consider HST conditions for PBCH
Our simulation results show 1.9dB to 3.6dB difference in performance between non-HST and HST cases when using 417Hz max doppler (900MHz).
Define PBCH requirements for HST conditions. Use the following configurations as 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
	[HST417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST417]
	1Tx/4Rx Low
	1
	TBD



CSI Reporting
Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI. Further discuss if applicability rules can be introduced.
For CQI requirements use existing RedCap requirements as starting point.
For PMI requirements use existing requirements for “Single PMI with 4Tx TypeI-SinglePanel Codebook” as starting point.
For RI requirements use existing requirements for 2Rx and 4Rx as starting point. FSS to down select after initial simulation results are available.
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