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Introduction
In RAN4#109 it was decided to assume there are no UEs that only support maximum channel bandwidth of 5MHz. This means that it can be expected that UEs supporting <5MHz will be tested against requirements for 10MHz. Based on this, it was agreed to not introduce new demodulation performance requirements for non-punctured PDCCH and CSI reporting requirements for less than 5MHz scenarios. 
Additionally, it was agreed to cover both 2Tx and 4Rx antenna configuration for UE demodulation requirement definition.
In the following we will provide our view on the remaining open issues as well as provide our observations and proposals where relevant.

Discussion

General
Channel BW for UE Demodulation performance requirements
In RAN4#109 it was agreed to introduce UE demodulation performance requirements for 3MHz BW only however it is still FFS if there is a need to also introduce PDCCH requirements for 5MHz CBW with 20 PRB (see [1]):
	Issue 1-1-2: Channel BW for UE Demodulation performance requirements
Agreement:
· Introduce UE demodulation requirements only for 3MHz CBW
· FFS, a need for PDCCH requirements also for 5MHz CBW, 20PRB




The WID is related to <5MHz BW, hence 5MHz requirements is from WID perspective not relevant. There is however the issue, that only AL2 can be used for PDCCH requirement definition with 15PRB as there also needs to be resources for PUCCH in the test setup. 
If it is found feasible and have enough coverage to define PDCCH requirements with AL2, then we do not see a need to additionally define PDCCH requirements for 5MHz CBW, 20 PRB. 

Currently we do not see the need to introduce PDCCH requirements for 5MHz with 20PRB if requirements for PDCCH for 3MHz CBW with 15PRB are introduced.
Do not introduce PDCCH requirements for 5MHz CBW, 20PRB if requirements for 3MHz are defined. 
Further discuss introducing PDCCH requirements for 5MHz CBW, 20 PRB in case it is found not feasible to introduce PDCCH requirements for 3MHz due to the low number of available PRBs (15 PRB).

[bookmark: _Ref158913708]HST propagation conditions
In RAN4#109 the HST propagation conditions were discussed. Two types of HST conditions are to be considered for the next meeting (see [1]):
	Issue 1-1-3: HST propagation conditions
Way forward:
Consider The following parameters for performance evaluation in HST conditions with less than 5MHz CBW:
· [HST-417]: Single-tap propagation conditions (B3.1 model), Ds = 300 m, Dmin = 2 m, f_d = [417] Hz
· [HST-DPS-417]: DPS propagation conditions (B3.3 model), Ds = 700 m, Dmin = 150 m, f_d = [417] Hz




Two propagation conditions have been proposed for HST. Based on our simulation results in [2] we do not see significant differences for PDSCH in most of our results (<0.5dB) between the two models (note that there is a difference between the requested results where single-tap is 1Tx vs. DPS which is 2Tx. For for PBCH 1Tx/4Rx configuration where we see 1.6dB difference.

HST Single-tap
Primary focus for HST Single-tap is to evaluate a tunnel like situation where handover is not considered. The propagation condition here will mainly test the UE capability handling a fast doppler change when UE passes the radio head. Also, the angular speed will not change significantly for the predominant part of the test.

HST DPS
Compared to HST Single-tap, the HST DPS model has a much longer range to the radio head as well as it introduces handover situation. Because of the longer range to the radiohead, the angular speed will change during the full test, however since the angular speed changes throughout the test, the change will be less significant when passing the radiohead. In addition, introducing handover will test the UE for a large instant change in doppler.

Both options for HST propagation conditions (HST-417 and HST-DPS-417) provide similar results in our simulations. In addition, the two propagation conditions does not cover the same deployment scenarios, hence defining requirements for both will increase test coverage.
Define requirements for HST using both HST-417 and HST-DPS-417.

Applicability rules
In RAN4#109 it was brought up how to define applicability rules, however it was not further discussed. One option provided was to created applicability table for UE supporting NR_FR1_lessthan_5MHz_BW (see [1]):
	Issue 1-1-4: Applicability rules
Way forward:
Further discussion is needed on how to define applicability rules:
· Option 1: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
· Other options are not precluded.




Since based on previous agreements, there will be requirements defined specifically for UEs supporting <5MHz, we see it relevant to create a UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW. In addition, even if currently RAN4 do not expect to see UEs only supporting <5MHz, we cannot conclude it will not happen.
In order to understand the applicability of 10MHz requirements to a 3MHz UE an applicability table should be created.
Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW (option 1). Details of the table can be further discussed when agreed which requirements are to be defined.

PDSCH
Introduction of PDSCH requirements
In RAN4#109 it was discussed if requirements for PDSCH should be introduced (see [1]):
	Issue 1-2-1: Introduction of PDSCH requirements
Way forward:
Introduction pf PDSCH requirements for less then 5MHz requires further discussion:
· Option 1: Do not introduce new PDSCH requirements for 3MHz CBW
· Option 2: Introduce new requirements for PDSCH for 3MHz CBW
· Option 2-a: in non-HST conditions
· Option 2-b: with HST channel
· Option 2-c: Option 2-a and Option 2-b.




Non-HST conditions
Further evaluation of our simulation results mainly shows differences due to edge REs for higher modulation order. As we do not expect high modulation order (i.e. 256 QAM) to be relevant for <5MHz, we can use the existing PDSCH requirements for 10MHz also for 3MHz CBW.
RAN4 discussed in RAN4#109 if UEs would exist, which only support 3MHz CBW. The general understanding is now for RAN4, that it is not expected to have UEs only supporting 3MHz CBW, hence the need for PDSCH requirements for 3MHz is limited.
As it is not certain that UEs will exist in the future supporting only 3MHz and 3MHz requirements are expected to be similar to 10MHz requirements for lower MCS, we can accept not to define new requirements for 3Mhz, however to ensure that if in the future the RAN4 assumption of not expecting UEs with only 3MHz support does not hold, we think it is relevant to introduce applicability rules so any possible future UE only supporting 3MHz must be tested at 3MHz CBW against the same requirements as already exist for 10MHz. Since redcap requirements have already been discussed as a reduced set, we propose that a UE only supporting 3MHz CBW shall be tested against existing redcap requirements (QPSK and 16QAM) but with 3MHz CBW.
For lower modulation order, we do not see any difference between our simulated SNR levels for PDSCH with 3MHz compared to 10MHz CBW, hence existing requirements for 10MHz can be reused for 3MHz CBW up to 16QAM.
In this case, we are looking at applying requirements for a larger FDRA to a test setup whith fewer resources in comparison to not more common situation where applied requirements are using less of the available resources. This means a rule must be introduced on how to define the test configuration.
When applying requirements for larger FDRA to test setup that support only fewer resources, there is an issue with the test configuration specification. The applicability rule needs to introduce a rule on how to define the test configuration.
Extend a subset (up to and including 16QAM) of the existing PDSCH requirements to also cover 3MHz. Add applicability rules so UEs tested with 10MHz does not need to be tested also with 3MHz. Use existing redcap requirements as starting point.
Proposed wording: For a UE capable of supporting dedicated spectrum less than 5MHz but not capable of supporting a carrier bandwidth of 10MHz, then the requirements defined for PDSCH tests for 10MHz shall apply with a reduced spectrum of 3MHz.

HST conditions
For HST conditions, it is not possible to reuse existing requirements from 10MHz CBW as the doppler used is too high for a 900MHz carrier (i.e. 750Hz and 972Hz). In our calculations from RAN4#109 a value of 417Hz will match a 900MHz carrier at 500km/h
Since the main focus for <5MHz is for FRMCS (i.e. railways) and our simulations show difference in requirements for 10Mhz/500km/h, we see it relevant to introduce requirements for 3MHz CBW with 417Hz doppler.
In our simulation results we do not see significant differences between the HST Single Tap and HST DPS, however as already described in section 2.1.2, the two models have different coverage, hence we see both are relevant for requirement definition.
The max doppler for 3MHz CBW @ 900MHz carrier is 417Hz which differs from existing 10Mhz HST requirements. In addition, <5MHz is highly relevant for FRMCS (i.e. railways) cases.
Introduce PDSCH requirements for less than 5MHz with both HST Single Tap and HST DPS @ 417Hz doppler.

Parameters for PDSCH performance evaluation
In RAN4#109 the following parameters were agreed for PDSCH performance evaluation (see [1]):
	Issue 1-2-2: Parameters for PDSCH performance evaluation:
Way forward:
Interested companies can consider the following parameter for PDSCH performance evaluation with less than 5MHz CBW:
· in non-HST conditions.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

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

	
	
	
	
	
	2x4, ULA Low
	70
	TBD

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

	
	
	
	
	
	2x4, ULA Low
	70
	TBD



· In with HST case:
· for Single-tap propagation conditions:
	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)

	R.PDSCH.1-8.2 FDD
	3 / 15
	64QAM, 0.43
	[HST-417]
	1x2
	70
	TBD

	R.PDSCH.1-8.2 FDD
	3 / 15
	64QAM, 0.43
	[HST-417]
	1x4
	70
	TBD



· for HST-DPS propagation conditions:
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	R.PDSCH.1-8.4 FDD
	3 / 15
	64QAM, 0.43
	[HST-DPS-417]
	1
	2x2
	70
	TBD

	R.PDSCH.1-8.4 FDD
	3 / 15
	64QAM, 0.43
	[HST-DPS-417]
	1
	2x4
	70
	TBD



· Interested companies are encouraged to bring simulation results.




We have provided our simulation results in [2] which in include additional results using higher modulation order than suggested in above for non-HST conditions. Based on the results we have the following observation:
For non-HST channel with QPSK and 16QAM we do not see a significant impact in the PDSCH throughput performance if including Rx filtering for 3Mhz CBW, hence in case of UEs supporting only 3MHz CBW the requirements from 10MHz can be re-used.

SDR requirements
In RAN4#109 it was proposed to introduce SDR requirements (see [1]):
	Issue 1-2-3: SDR requirements
Way forward:
Introduction of SDR requirements for less than 5MHz CBW requires further discussion:
· Option 1: Do not introduce new SDR requirements for 3MHz CBW
· Option 2: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW




As the existing SDR requirements include all possible FR1 CBW, we can also include 3MHz CBW. Also, we see introducing 3MHz CBW to the existing tables as small task, hence no reason to exclude it.
Option 2 from above is in our view what is required to introduce SDR tests for 3MHz.

As requirements already exists for SDR across several CBW configurations, including 3MHz CBW into existing requirement definition can be done by extending the existing tables in TS 38.101-4: Tables 5.5A-1 and 5.5A-4.
Extend the existing SDR requirements section to include 3MHz CBW by updating TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW (option 2)

PDCCH AL for PDSCH requirements (test setup)
In RAN4#109 it was discussed which AL PDCCH should be using to fit to 3MHz CBW for PDSCH demod requirements with 3MHz CBW (see [1])
	Issue 1-2-4: PDCCH AL for PDSCH requirements (test setup)
Way forward:
FFS, whether it is necessary to revisit PDCCH AL configuration to fit to 3MHz CBW for PDSCH demodulation requirements with 3MHz CBW. Possible PDCCH configuration is to set AL2 without puncturing.




In the existing specification of PDCCH for PDSCH requirements ([3], Table 5.2-1: Common test parameters) AL8 is used as general parameter. For 3Mhz CBW with 15 PRB it is only possible to have AL4 for PDCCH using a coreset duration of 2. Since one coreset will be required for UL, the maximum AL which can be selected will be AL2.
Using duration of 3 will not provide enough CCEs for AL8 without puncturing, however the puncturing will only be half a CCE. Assuming duration of 3 with AL4, the PDCCH can be configured for AL4 without puncturing whereas the UL can be configured with AL4 punctured to 3.5 CCEs. As the puncturing is only a half CCE out of 4, it can be expected that using AL4 will provide better PDCCH performance and not impact the PDSCH performance significantly compared to AL2.
PDCCH AL8 is normally used for PDSCH requirements, however for 3MHz with only 15 PRBs even with a coreset duration of 3, AL8 will not be feasible in a TE, as a coreset is also required for UL.
PCCCH AL4 with duration of 3 can be considered for PDSCH requirements with 3MHz CBW if accepted that the coreset used for UL will be puncture to 3.5/4. To reduce the impact of lower AL for PDCCH we see such a configuration as the best option.
For PDSCH requirements define the PDCCH configuration to use AL4 with a coreset duration of 3.

PDCCH
In RAN4#109 it was agreed to not define requirements for non-punctured PDCCH in normal conditions. Still open is the discussion if requirements for punctured PDCCH and PDCCH in HST conditions is to be introduced.
Requirements for punctured PDCCH

	Issue 1-3-2: Requirements for punctured PDCCH
Way forward:
Further discussion of requirements for punctured PDCCH is needed:
· Option 1: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW considering the following parameters:
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs); Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0.
· Option 2: Introduce requirements, if testability issue is resolved.
· Option 3: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing.




The introduction of punctured PDCCH in CORESET#0 is new for <5MHz, hence if feasible requirements shall be defined to test the RAN1 introduced feature.
In our previous contribution [5], we have shown it to be possible to introduce requirements by configuring CORESET#0 in user search space (USS) instead of control search space (CSS). To re-iterate from [5] we had the following observations:
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.

In addition, we have provided our simulation results in [2], where we based on the results SNR levels see it feasible to define requirements for punctured PDCCH.
Our simulation results show it is feasible to define requirements for punctured PDCCH.
Introduce requirements for punctured PDCCH. Use the following configuration: 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs); Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0 (option1+2).

PDCCH requirements in HST conditions
In RAN4#109 it was discussed if requirements shall be defined for PDCCH in HST conditions (see [1])
	Issue 1-3-3: PDCCH requirements in HST conditions
Way forward:
The Issues requires further discussion:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2: Not to introduce HST scenario for PDCCH requirements.




For HST conditions, it is not possible to reuse existing requirements from 10MHz CBW as the doppler used is too high for 900MHz carrier (i.e. 750Hz and 972Hz). In our calculations from RAN4#109 a value of 417Hz will match 900MHz carrier at 500km/h
Since the main focus for <5MHz is for FRMCS (i.e. railways) we see it relevant to introduce requirements for 3MHz CBW with 417Hz doppler.
In our HST simulation results for PDCCH we do not see significant differences between the HST Single Tap and HST DPS, however as already described in section 2.1.2, the two models have different coverage, hence we see both are relevant for requirement definition.
The max doppler for 3MHz CBW @ 900MHz carrier is 417Hz which differs from existing 10Mhz HST requirements. In addition, <5MHz is highly relevant for FRMCS (i.e. railways) cases.
Introduce PDCCH requirements for less than 5MHz with both HST Single Tap and HST DPS @ 417Hz doppler.

PBCH
PBCH requirement in non-HST conditions
In RAN4#108 it was agreed to introduce requirements in non-HST conditions. In RAN4#109 it was encouraged for companies to bring simulation results (see [1]):
	Issue 1-4-1: PBCH requirement in non-HST conditions
Agreement:
Use the following parameters for PBCH requirement in normal conditions. Interested companies are encouraged to bring simulation results.
	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 
	TBD 

	
	
	
	
	1x4 Low
	1
	TBD





We have provided our simulation results in [2] which shows SNR values inside testable range; hence we see it possible to define PBCH requirements in normal conditions for <3MHz CBW. 
We have provided our simulation results for the agreed conditions. Our results show SNR values inside testable range.
Define PBCH (12 PRB) requirements in non-HST conditions with 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 
	TBD 

	
	
	
	
	1x4 Low
	1
	TBD



PBCH requirement in HST conditions
In RAN4#109 it was discussed if requirements are to be defined for PBCH in HST conditions (see [1]):
	Issue 1-4-2: PBCH requirement in HST conditions
Way forward:
Further discuss whether to introduce PBCH requirements in HST conditions:
· Option 1: Define PBCH requirements in HST conditions considering the following parameters:
	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
	[HST-417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/4Rx Low
	1
	TBD



· Option 2: Not to introduce HST scenario for PBCH requirements.



We have provided our simulation results in [2], which includes HST single tap and HST-DPS. We do not see any significant difference between the two HST channel models. Comparing with non-HST results we see a difference of approx.2.5dB.
As <5MHz is focusing on FRMCS (i.e. railways) we see it important to introduce requirements also using propagation conditions related to railways, hence introducing requirements for with HST single tap/HST-DPS where differences are see in <5Mhz compared to existing requirements with 10MHz CBW.
Our simulation results show a significant difference in SNR between non-HST and HST of up to 2.9dB. 
Define PBCH (12 PRB) requirements in HST conditions with 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
	[HST-417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/4Rx Low
	1
	TBD



On the CR split
According to the work plan for NR support for dedicated spectrum less than 5MHz for FR1 [4], it was expected to agree the work split for CR drafting already at RAN4#109 meeting. However, it was not possible to achieve that because the scope of the requirements has got some clarify only at the end of RAN4#109 meeting. Based on the agreements at the previous meetings, in Table 1, we provide a tentative list of clauses from TS 38.101-4 with potential impacts. During the RAN4#110 meeting, the scope of the requirements is expected to be further clarified, so that the final CR split can be agreed at the end of the meeting. In this case, companies will be able to bring first versions of draft CRs at the upcoming RAN4#110bis meeting, and final versions of draft CRs to the RAN4#111 meeting, assuming that bigCR approach is used at both meetings.

Use Table 1 below as a starting point of CR work split for UE Demod for less than 5 MHz CBW WI.
[bookmark: _Ref158023685]Table 1: Preliminary CR split for UE Demod for less than 5 MHz CBW WI.
	Section
	Requirements
	Comment
	Company

	5 Demodulation performance requirements
(Conducted requirements)
	5.1.1 Applicability of requirements
	FFS, no agreement on whether and how to define applicability rules. 
	

	5.2 PDSCH demodulation requirements
	5.2.2 2RX requirements, 
5.2.2.2 TDD,
5.2.2.1.1 Minimum requirements for PDSCH Mapping Type A,

	FFS, no agreement on whether and which requirements to define
	

	
	5.2.3 4RX requirements,
5.2.3.2 TDD,
5.2.3.1.1 Minimum requirements for PDSCH Mapping Type A

	
	

	5.3 PDCCH demodulation requirements
	5.3.2 2RX requirements,
5.3.2.1 FDD,
5.3.2.1.x Minimum requirements for less than 5 MHz CBW
	FFS, no agreement on whether and which requirements to define
	

	
	5.3.3 4RX requirements
5.3.3.1 FDD,
5.3.3.1.x Minimum requirements for less than 5 MHz CBW

	
	

	5.4 PBCH demodulation requirements
	5.4.2 2RX requirements,
5.4.2.1 FDD,
Table 5.4.2.1-2: Minimum performance PBCH in case SS/PBCH block index is not known
	Agreed for normal (non-HST conditions),
FFS for HST conditions
	

	
	5.4.3 4RX requirements
5.4.3.1 FDD
Table 5.4.3.1-2: Minimum performance PBCH in case SS/PBCH block index is not known

	
	

	5.5 Sustained downlink data rate provided by lower layers
	5.5.1 FR1 single carrier requirements
	FFS, whether to introduce requirements
	

	A.3 DL reference measurement channels
	A.3.2 Reference measurement channels for PDSCH performance
Requirements,
A.3.2.1 FDD,
A.3.2.1.1 Reference measurement channels for SCS 15 kHz FR1
	FFS, Adding reference channels with 3 MHz CBW, if necessitated by PDSCH the requirements
	

	
	A.3.3 Reference measurement channels for PDCCH performance
Requirements,
A.3.3.1 FDD,
A.3.3.1.1 Reference measurement channels for SCS 15 kHz FR1

	FFS, Adding reference channels, if necessitated by the PDCCH requirements
	

	B.3 High Speed Train Scenario
	B.3.1 Single Tap Channel Profile
and/or
B.3.3 HST-DPS Channel Profile
	FFS, Adding new propagation conditions if necessitated by the requirements
	




[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to the general aspects for Lessthan5MHz UE demod performance and CSI requirements.

We have the following observations and proposals:
General
Channel BW for UE Demodulation performance requirements
1. Currently we do not see the need to introduce PDCCH requirements for 5MHz with 20PRB if requirements for PDCCH for 3MHz CBW with 15PRB are introduced.
1. Do not introduce PDCCH requirements for 5MHz CBW, 20PRB if requirements for 3MHz are defined. 
Further discuss introducing PDCCH requirements for 5MHz CBW, 20 PRB in case it is found not feasible to introduce PDCCH requirements for 3MHz due to the low number of available PRBs (15 PRB).

HST propagation conditions
Both options for HST propagation conditions (HST-417 and HST-DPS-417) provide similar results in our simulations. In addition, the two propagation conditions does not cover the same deployment scenarios, hence defining requirements for both will increase test coverage.
Define requirements for HST using both HST-417 and HST-DPS-417.

Applicability rules
In order to understand the applicability of 10MHz requirements to a 3MHz UE an applicability table should be created.
Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW (option 1). Details of the table can be further discussed when agreed which requirements are to be defined.

PDSCH
For lower modulation order, we do not see any difference between our simulated SNR levels for PDSCH with 3MHz compared to 10MHz CBW, hence existing requirements for 10MHz can be reused for 3MHz CBW up to 16QAM.
When applying requirements for larger FDRA to test setup that support only fewer resources, there is an issue with the test configuration specification. The applicability rule needs to introduce a rule on how to define the test configuration.
Extend a subset (up to and including 16QAM) of the existing PDSCH requirements to also cover 3MHz. Add applicability rules so UEs tested with 10MHz does not need to be tested also with 3MHz. Use existing redcap requirements as starting point.
Proposed wording: For a UE capable of supporting dedicated spectrum less than 5MHz but not capable of supporting a carrier bandwidth of 10MHz, then the requirements defined for PDSCH tests for 10MHz shall apply with a reduced spectrum of 3MHz.

The max doppler for 3MHz CBW @ 900MHz carrier is 417Hz which differs from existing 10Mhz HST requirements. In addition, <5MHz is highly relevant for FRMCS (i.e. railways) cases.
Introduce PDSCH requirements for less than 5MHz with both HST Single Tap and HST DPS @ 417Hz doppler.

Parameters for PDSCH performance evaluation
For non-HST channel with QPSK and 16QAM we do not see a significant impact in the PDSCH throughput performance if including Rx filtering for 3Mhz CBW, hence in case of UEs supporting only 3MHz CBW the requirements from 10MHz can be re-used.

SDR requirements
As requirements already exists for SDR across several CBW configurations, including 3MHz CBW into existing requirement definition can be done by extending the existing tables in TS 38.101-4: Tables 5.5A-1 and 5.5A-4.
Extend the existing SDR requirements section to include 3MHz CBW by updating TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW (option 2)

PDCCH AL for PDSCH requirements (test setup)
PDCCH AL8 is normally used for PDSCH requirements, however for 3MHz with only 15 PRBs even with a coreset duration of 3, AL8 will not be feasible in a TE, as a coreset is also required for UL.
PCCCH AL4 with duration of 3 can be considered for PDSCH requirements with 3MHz CBW if accepted that the coreset used for UL will be puncture to 3.5/4. To reduce the impact of lower AL for PDCCH we see such a configuration as the best option.
For PDSCH requirements define the PDCCH configuration to use AL4 with a coreset duration of 3.

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.

Our simulation results show it is feasible to define requirements for punctured PDCCH.
Introduce requirements for punctured PDCCH. Use the following configuration: 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs); Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0 (option1+2).

PDCCH requirements in HST conditions
The max doppler for 3MHz CBW @ 900MHz carrier is 417Hz which differs from existing 10Mhz HST requirements. In addition, <5MHz is highly relevant for FRMCS (i.e. railways) cases.
Introduce PDCCH requirements for less than 5MHz with both HST Single Tap and HST DPS @ 417Hz doppler.

PBCH
PBCH requirement in non-HST conditions

We have provided our simulation results for the agreed conditions. Our results show SNR values inside testable range.
Define PBCH (12 PRB) requirements in non-HST conditions with 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 
	TBD 

	
	
	
	
	1x4 Low
	1
	TBD



PBCH requirement in HST conditions
Our simulation results show a significant difference in SNR between non-HST and HST of up to 2.9dB. 
Define PBCH (12 PRB) requirements in HST conditions with 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
	[HST-417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/4Rx Low
	1
	TBD



On the CR split
Use Table 1 below as a starting point of CR work split for UE Demod for less than 5 MHz CBW WI.
Table 1: Preliminary CR split for UE Demod for less than 5 MHz CBW WI.
	Section
	Requirements
	Comment
	Company

	5 Demodulation performance requirements
(Conducted requirements)
	5.1.1 Applicability of requirements
	FFS, no agreement on whether and how to define applicability rules. 
	

	5.2 PDSCH demodulation requirements
	5.2.2 2RX requirements, 
5.2.2.2 TDD,
5.2.2.1.1 Minimum requirements for PDSCH Mapping Type A,

	FFS, no agreement on whether and which requirements to define
	

	
	5.2.3 4RX requirements,
5.2.3.2 TDD,
5.2.3.1.1 Minimum requirements for PDSCH Mapping Type A

	
	

	5.3 PDCCH demodulation requirements
	5.3.2 2RX requirements,
5.3.2.1 FDD,
5.3.2.1.x Minimum requirements for less than 5 MHz CBW
	FFS, no agreement on whether and which requirements to define
	

	
	5.3.3 4RX requirements
5.3.3.1 FDD,
5.3.3.1.x Minimum requirements for less than 5 MHz CBW

	
	

	5.4 PBCH demodulation requirements
	5.4.2 2RX requirements,
5.4.2.1 FDD,
Table 5.4.2.1-2: Minimum performance PBCH in case SS/PBCH block index is not known
	Agreed for normal (non-HST conditions),
FFS for HST conditions
	

	
	5.4.3 4RX requirements
5.4.3.1 FDD
Table 5.4.3.1-2: Minimum performance PBCH in case SS/PBCH block index is not known

	
	

	5.5 Sustained downlink data rate provided by lower layers
	5.5.1 FR1 single carrier requirements
	FFS, whether to introduce requirements
	

	A.3 DL reference measurement channels
	A.3.2 Reference measurement channels for PDSCH performance
Requirements,
A.3.2.1 FDD,
A.3.2.1.1 Reference measurement channels for SCS 15 kHz FR1
	FFS, Adding reference channels with 3 MHz CBW, if necessitated by PDSCH the requirements
	

	
	A.3.3 Reference measurement channels for PDCCH performance
Requirements,
A.3.3.1 FDD,
A.3.3.1.1 Reference measurement channels for SCS 15 kHz FR1

	FFS, Adding reference channels, if necessitated by the PDCCH requirements
	

	B.3 High Speed Train Scenario
	B.3.1 Single Tap Channel Profile
and/or
B.3.3 HST-DPS Channel Profile
	FFS, Adding new propagation conditions if necessitated by the requirements
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