[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: _Hlk118698142][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108bis              	R4-2316151
Xiamen, China, 9th Oct-13th Oct, 2023

Agenda item:	5.14.6.2
Source:	Samsung 	
Title:	View on BS demodulation requirements for less than 3MHz 
Document for:     Discussion
1. Introduction
In RAN#95-e meeting, the WI on NR support for dedicated spectrum less than 5MHz for FR1 was approved. The related objective of this WI was presented as following [1]
	· 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
· 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 UE/BS performance requirements for NR operation in dedicated spectrum allocations from approximately 3MHz up to below 5MHz


In the previous RAN4 meeting, the core requirements of system parameters and RF requirements were under discussion. According to the meeting agenda, this meeting is the first meeting to discuss the performance part. 
In this contribution, the view on test scope of BS demodulation requirement for NR less than 5MHz.
2. Test scope of BS demodulation requirement   
PUSCH requirement
3GPP Rel-8 TS 36.101 specified various channel bandwidths for 4G LTE systems including 1.4, 3, 5, 10, 15 and 20 MHz channel sizes. Global regulators and mobile network operators allocated and deployed networks occupying these various channel bandwidths that are still operational today. 
Based on the WID, 3MHz channel bandwidth was introduced in bands n100, n8, n26 and n28, support different deployment scenarios, in order to be able to start the migration from GSM-R to FRMCS in Europe. And RAN4 will specify necessary UE/BS performance requirements for NR operation in dedicated spectrum allocations from approximately 3MHz up to below 5MHz. Since the 3MHz is targeting for special deployment to support rail communication, it is necessary to introduce the PUSCH requirements with 3MHz for FDD in FR1 to meet the test coverage. Given there is no any physical layer enhancement, the limited test cases of PUSCH requirements with 3MHz for 15KHz SCS could be introduced.
Proposal 1: Limited test cases of PUSCH requirements with 3MHz for 15KHz SCS could be introduced.
NR specifications starting in Rel-15 defined a minimum bandwidth of 5 MHz channels. Although NR can support multiple channel bandwidths due to the flexible numerology implementation, channel bandwidths smaller than this are currently not supported in NR. In order to support 3MHz, the related impact and minimum changes on existing design for other physical layer channels for fun were under investigated in RAN1, including PDCCH, CSI-RS/TRS, PUCCH, and PRACH.
PUCCH requirement 
The agreement was made in RAN1 for PUCCH as following
	· No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth 
· FFS the necessity for PUCCH FH disabling



In Rel-15, RAN4 introduced PUCCH requirements with covering different formats and payload size under difference channel bandwidths. Although the number of payload size is not related with channel bandwidth directionally, the performance will be different for different channel bandwidths due to the frequency hopping. Given there is no conclusion whether to disable the PUCCH frequency hopping operation, PUCCH requirement with frequency hopping for 3MH channel bandwidth can be introduced, considering the test coverage. Given there is no any physical layer enhancement, the limited test cases of PUCCH requirements with 3MHz for 15KHz SCS could be introduced.
Proposal 2: Limited test cases of PUCCH requirements with 3MHz for 15KHz SCS could be introduced.
PRACH requirement  
Similarly, the agreement was made in RAN1 for PRACH as following
	· No enhancements are required for PRACH to operate NR on transmission bandwidths of < 5MHz for 3MHz and 5MHz channel bandwidth 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable 
· Short PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS are supported to transmission bandwidths <5MHz for 3MHz and 5MHz channel bandwidth



In general, the PRACH requirement is no differentiate with transmission BWs if its configuration can be fitted into the transmission BW. In Rel-15, both long PRACH formats and short formats requirements are introduced.  And short formats requirements with sequence length as LRA=1151 for 15KHz SCS was introduced in Rel-16. 
Based on RAN1 conclusion, there is no enhancements for PRACH to operate NR on transmission bandwidths of < 5MHz for 3MHz and 5MHz channel bandwidth, which means existing PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS can support 3MHz.
Based on the RAN4 RF discussion, the minimum number of RB as 15 for 3MHz was introduced. Then, the available number of subcarriers is 180, where the existing long PRACH format with LRA=839 and short PRACH formats with LRA=139 can be fitted into the transmission BW of 3MHz, while the existing short PRACH formats with LRA=1151 cannot be fitted into the transmission BW of 3MHz. Therefore, the existing long PRACH format requirements with LRA=839 and 1.25KHz SCS, short formats requirements with LRA=139 15KHz and 15KHz SCS, can be applied for 3MHz channel bandwidth. And the short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth. 
For 3MHz channel bandwidth, the main deployment is rail communication in Europe, similar as high-speed train scenario. Considering RAN4 has already introduced PRACH requirement with normal, high-speed train mode for both 350km/h and 500km/n velocity to cover different frequency. From PRACH receiver perspective, there is no different with 3MHz under high-speed scenario, Therefore, we think no new PRACH requirement is needed to support 3MHz.
Observation 1: Existing PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS can support 3MHz channel width.
Proposal 3: Add a note to indicate that the existing short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth.
Proposal 4: No new PRACH requirement need to be introduced for 3MHz channel bandwidth 

3. Test setup of BS demodulation requirement   
In this section, the view on test setup for BS demodulation requirement is provided, including the PUSCH and PUCCH requirement, as analysed in section 2.
3.1	Test setup of PUSCH requirements  
Channel Model
	RP-230781 Response to LS from RAN4 on spectrum less than 5 MHz 

RAN Plenary would like to thank RAN WG4 for their LS for spectrum less than 5 MHz. 
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following: 
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs.  
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels.  
· It is assumed that UE support of the <5MHz feature is band-specific and optional. 
RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap.In addition, UE speeds up to 500km/h should be targeted for band n100 without impact to RAN1



Based on RAN-P conclusion, UE supporting 3MHz, would be supported high speed up to 500km/h. From RRM aspect, the channel model used for specifying RRM requirement was under discussed. The following agreement was made
	Agreement:
Use single tap channel model at least for band n100. FFS for other bands.
FFS on other channel models for other bands.
Way forward: Other channel models
· Proposals
· Option 1: AWGN
· Option 2: TDL-A 30ns
· Option 3: TDL-B 100ns
· Option 4: TDL-C 300ns



From demod aspect, we think the fading channel should be enough, such as TDL channels in current requirements, given that there is no clear HST deployment modeling for rail communication
We are also open to further discuss whether HST single tap channel is needed for demodulation requirement. If HST single tap is considered, the details of HST single tap model should be further discussed.
Proposal 5: TDL channel model could be considered for specifying BS demodulation requirement. FFS on whether HST single tap is needed and FFS on the details of HST single tap model if introduced.

Maximum Doppler 
Regarding the maximum Doppler, since UE speeds up to 500km/h should be targeted for band n100, where the carrier frequency of band n100 is 880MHz, then, the maximum Doppler shall be around 815Hz for Uplink.  Since there is no detail of HST single tap, and the train speed, we would like to reuse the existing doppler value as 100Hz for performance definition, we are also open to further discussion the proper value should be considered for requirement.
Observation 2: The maximum Doppler is 815Hz if assuming 500km/h UE speed if HST single tap is introduced.
Proposal 6: Existing doppler value as 100Hz can be taken as a starting point, FFS on other doppler values.
Antenna configuration
Regarding the antenna configuration, since RAN4 has introduced the test applicability rule for different antenna configuration, only 1Tx2Rx is considered for specifying BS demodulation requirement with 3MHz, which can meet the test purpose. We are also open to discuss whether 2Tx2Rx should be considered
Proposal 7: Specify BS demodulation requirement with 1T2Rx only, FFS on 2Tx2Rx 
PUSCH mapping type 
Both PUSCH mapping type A and type B were considered for PUSCH requirement with larger than 5MHz in Rel-15. For NR less than 3MHz, we would like to consider only PUSCH mapping type A, we are also open to further discuss the necessity of PUSCH mapping type B, considering the related test applicability rule has introduced in RAN4.
Proposal 8: Specify PUSCH requirement with DMRS mapping type A
Number of DMRS symbols
The number of DMRS symbols pending on the maximum doppler value. For normal speed scenario, 2 DMRS should be the typical configuration. 
Meanwhile, since UE speeds up to 500km/h should be targeted for band n100, where the maximum Doppler shall be around 815Hz for Uplink. The doppler value is exceed the doppler tracking capability of 2 DMRS symbols. Therefore, 3 DMRS symbols should be configured if HST single tap with 815Hz doppler frequency was introduced. 
Proposal 9: Specify PUSCH requirement with 2 DMRS symbols, FFS on 3 DMRS symbols if HST single tap with high Doppler value is introduced.
Waveform
Regarding the waveform, CP-OFDM can be selected as a starting point for specifying PUSCH requirement with 3MHz 
Proposal 10: Specify PUSCH requirement with CP-OFDM 

MCS
Regarding MCS, MCS2, MCS 16 and MCS 20 are considered for PUSCH requirements with different channel bandwidth. We would like to reuse as a starting point for specifying PUSCH requirement. 
Proposal 11: The following MCS could be considered for specifying PUSCH requirement 
· MCS 2, MCS 16 and MCS 20

Other 
For other test parameters, existing PUSCH test parameters can be reused. 
Proposal 12: Reusing existing PUSCH test parameters for specifying PUSCH requirement with 3MHz

Table 1:  Test parameters for PUSCH requirement
	Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	[Pos1]

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	[0]

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.




3.2	Test setup of PUCCH requirements  
In Rel-15, the PUCCH requirements with all the formats were considered for different CBWs. For 3MHz CBW, the same PUCCH formats can be considered for PUCCH requirement. The same test parameters can be reused for requirement definition. 
Proposal 13: Reusing the existing PUCCH test parameters for specifying PUCCH requirement with 3MHz

Table 2:  Test parameters of PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Test metric
	DTX to ACK probability
ACK missed detection probability 



Table 3:  Test parameters of PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Test metric 
	NACK to ACK probability 
ACK missed detection probability



Table 4:  Test parameters of PUCCH format 2
	Parameter
	Value

	Modulation order
	QSPK

	Starting RB location 
	0

	Intra-slot frequency hopping
	N/A 

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Test metric 
	DTX to ACK probability 
ACK missed detection probability



Table 5:  Test parameters of PUCCH format 2
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Test metric 
	BLER 



Table 6:  Test parameters of PUCCH format 3
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0

	Test metric
	BLER



Table 7:  Test parameters of PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Test metric 
	BLER



4. Conclusion
In this paper, the view on the test scope and test setup of BS demodulation requirement to support less than 3MHz was provided.
Proposal 1: Limited test cases of PUSCH requirements with 3MHz for 15KHz SCS could be introduced.
Proposal 2: Limited test cases of PUCCH requirements with 3MHz for 15KHz SCS could be introduced.
Observation 1: Existing PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS can support 3MHz channel width.
Proposal 3: Add a note to indicate that the existing short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth.
Proposal 4: No new PRACH requirement need to be introduced for 3MHz channel bandwidth 
Proposal 5: TDL channel model could be considered for specifying BS demodulation requirement. FFS on whether HST single tap is needed and FFS on the details of HST single tap model if introduced.
Observation 2: The maximum Doppler is 815Hz if assuming 500km/h UE speed if HST single tap is introduced.
Proposal 6: Existing doppler value as 100Hz can be taken as a starting point, FFS on other doppler values.
Proposal 7: Specify BS demodulation requirement with 1T2Rx only, FFS on 2Tx2Rx 
Proposal 8: Specify PUSCH requirement with DMRS mapping type A
Proposal 9: Specify PUSCH requirement with 2 DMRS symbols, FFS on 3 DMRS symbols if HST single tap with high Doppler value is introduced.
Proposal 10: Specify PUSCH requirement with CP-OFDM waveform
Proposal 11: The following MCS could be considered for specifying PUSCH requirement 
· MCS 2, MCS 16 and MCS 20

Proposal 12: Reusing existing PUSCH test parameters for specifying PUSCH requirement with 3MHz
Table 1:  Test parameters for PUSCH requirement
	Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	[Pos1]

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	[0]

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.




Proposal 13: Reusing the existing PUCCH test parameters for specifying PUCCH requirement with 3MHz

Table 2:  Test parameters of PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Test metric
	DTX to ACK probability
ACK missed detection probability 



Table 3:  Test parameters of PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Test metric 
	NACK to ACK probability 
ACK missed detection probability



Table 4:  Test parameters of PUCCH format 2
	Parameter
	Value

	Modulation order
	QSPK

	Starting RB location 
	0

	Intra-slot frequency hopping
	N/A 

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Test metric 
	DTX to ACK probability 
ACK missed detection probability



Table 5:  Test parameters of PUCCH format 2
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Test metric 
	BLER 



Table 6:  Test parameters of PUCCH format 3
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0

	Test metric
	BLER



Table 7:  Test parameters of PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Test metric 
	BLER
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