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[bookmark: _Toc116995841]Introduction
The introduction of NR NTN enhancements for Rel-18 has been outlined in the WID [1], with an aim to add functionality to increase features that were introduced in Rel 15, 16 and 17.
RAN4 Demodulation will specify the performance of these new enhancements.
The main objectives from the WID [1] are as follows:
	· Specify RRM performance requirements and test cases [RAN4]
· Specify UE demodulation and CSI reporting requirements [RAN4]
· Specify satellite access node demodulation requirements [RAN4]
· Specify satellite access node conformance tests [RAN4]


For the following enhancements
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements



In this paper, we present Nokia’s view on the impact to SAN demodulation requirements.      
Within RAN4#109 several open issues were presented in the way forward [3] which will be discussed in this contribution.
	Issue 3-2-4: MCS
· Proposals
· Option 1: 2/16/20
· Option 2: MCS4 (QPSK, 308/1024) and MCS5 (QPSK, 99/1024, Table 3, for PUSCH repetition Type A case only)

Issue 3-3-1: Test setup for SAN PUSCH demodulation requirements with CP-OFDM
· Proposals
· Option 1:
	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 symbols
	Option 1a (Ericsson, Huawei): Pos1
Option 1b (Samsung):Pos2

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

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

	
	DM-RS port(s)
	{0}
{0, 1} (if 2Tx is agreed)

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

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission (If 2Tx is agreed)
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	Option 1a (Ericsson): 2, Disabled
Option 1b (Samsung): 2
Option 1c (Huawei): Disabled

	configuration
	Time density (LPT-RS)
	Option 1a (Ericsson): 1, Disabled
Option 1b (Samsung): 1
Option 1c (Huawei): Disabled



Issue 3-3-2: Test setup for SAN PUSCH demodulation requirements with DFT-s-OFDM
· Proposals
· Option 1:
	Parameter
	Value

	Transform precoding
	Enabled

	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 symbols
	Option 1a (Ericsson, Huawei): Pos1
Option 1b (Samsung):Pos2

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

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

	
	DM-RS port(s)
	{0}
{0, 1} (if 2Tx is agreed)

	
	DM-RS sequence generation
	NID0=0, group hopping and sequence hopping are disabled

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	Option 1a (Ericsson, Huawei): Full applicable test bandwidth
Option 1b (Samsung): 30 PRBs in the middle of the test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission (If 2Tx is agreed)
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	Option 1a (Ericsson): 2, Disabled
Option 1b (Samsung): Not configured
Option 1c (Huawei): Disabled

	configuration
	Time density (LPT-RS)
	Option 1a (Ericsson): 1, Disabled
Option 1b (Samsung): Not configured
Option 1c (Huawei): Disabled



Issue 3-3-3: Test setup for SAN PUSCH demodulation requirements with repetition Type A (If agreed to be introduced)
· Proposals
· Option 1:
	Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 1]

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	Pos1

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

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

	
	DM-RS port(s)
	0

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

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	10 

	
	PUSCH aggregation factor
	n2

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled

	NOTE 1:	The effective RV sequence is {0,2,3,1} with slot aggregation



Issue 3-3-4: Test setup for SAN PUCCH demodulation performance requirements
· Proposals
· Option 1:
Table 3:  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 4:  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 
	DTX to ACK probability
NACK to ACK probability 
ACK missed detection probability



Table 5   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 6:  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 7:  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 8:  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



Issue 3-4-1: Antenna configuration
· Proposals
· Option 1: 1Tx1Rx and 1Tx2Rx
· Option 1a: Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test
Issue 3-4-2: Channel model
· Proposals
· Option 1: NTN-TDLC5-200 for DMRS bundling requirement
· Option 2: NTN-TDLC5-200 for multi-slot PUCCH requirement
Issue 3-4-3: Test setup for SAN PUSCH demodulation performance requirements for DMRS bundling (If agreed to be introduced)
· Proposals
· Option 1:
	Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence [Note 1]
	Option 1a (Ericsson, Huawei) 0, 0, 0, 0 for FDD
Option 1b (Samsung) : 0, 3, 0, 3 for FDD

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Option 1a (Ericsson): pos0, pos1
Option 1b (Samsung, Huawei): 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 resource assignment
	PUSCH mapping type
	Option 1a (Ericsson, Samsung): A
Option 1b (Huawei): A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	Option 1a (Ericsson): n4 for FDD
Option 1b (Samsung): [n2] or [n8] for FDD
Option 1c (Huawei): n8 for FDD

	pusch-TimeDomainWindowLength
	Option 1a (Ericsson): 4 slots for FDD
Option 1b (Samsung): [2] or [4] slots for FDD
Option 1c (Huawei): 8 slots for FDD

	Frequency domain resource assignment
	RB assignment
	Option 1 (Ericsson, Samsung, Huawei):Full applicable test bandwidth
Option 2 (Samsung): 6RBs for both 15KHz and 30KHz

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The effective RV sequence is {0, 2, 3, 1} with slot aggregation.



Issue 3-4-4: Test setup for SAN multi-slot PUCCH format 1 demodulation performance requirements under LOS channel (If agreed to be introduced)
· Proposals
· Option 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
	disabled

	Inter-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

	Number of slots for PUCCH repetition
	2






Discussion
Issue 3-2-4 MCS
Both of the proposals provided during RAN4#109 are feasible, however option 1 provides a wider range of operating SNR points. Depending upon the SNR operating point, discussion can be had at RAN4#110 about which is taken forward for performance requirements.
[bookmark: _Toc157605266]MCS 2/16/20 to be taken forward for performance requirements, with downselection based on SNR operating point.

Issue 3-3-1 Test setup for SAN PUSCH demodulation requirements with CP-OFDM

Additional DM-RS Symbol
Due to fact that only 200 Hz of doppler post-compensation, an additional DMRS in Pos2 would be redundant; as such Nokia believes that only 1 additional DMRS position is required.
[bookmark: _Toc157605267]RAN4 shall use a single additional DMRS in pos1 for NTN SAN demodulation performance requirements.
DM-RS Port
As 2 Tx has not been agreed within previous meetings on this work item, Nokia believes that only DMRS port 0 requires to be configured.
[bookmark: _Toc157605268]RAN4 shall use DMRS port 0 for NTN SAN demodulation performance requirements.
RB Assignment
Nokia believes that the full RB assignment should be utilised for requirements derivation.
[bookmark: _Toc157605269]RAN4 shall use full RB assignment for NTN SAN demodulation performance requirements.
PT-RS
Due to no company wishing to define requirements with PT-RS and the effect of pre-compensation negating the need, Nokia feels no strong need to define requirements with PT-RS.
[bookmark: _Toc157605270]RAN4 shall not use PT-RS for NTN SAN demodulation performance requirements.
Issue 3-3-2 Test setup for SAN PUSCH demodulation requirements with DFT-s-OFDM
Additional DM-RS
Due to fact that only 200 Hz of doppler post-compensation, an additional DMRS in Pos2 would be redundant; as such Nokia believes that only 1 additional DMRS position is required.
[bookmark: _Toc157605271]RAN4 shall use a single additional DMRS in pos1 for NTN SAN DFT-s-OFDM demodulation performance requirements.
DM-RS Ports
As 2 Tx has not been agreed within previous meetings on this work item, Nokia believes that only DMRS port 0 requires to be configured.
[bookmark: _Toc157605272]RAN4 shall use DMRS port 0 for NTN SAN demodulation performance requirements for DFT-s-OFDM.
RB Assignment
Nokia believes that the full RB assignment should be utilised for requirements derivation for DFT-s-OFDM
[bookmark: _Toc157605273]RAN4 shall use full RB assignment for NTN SAN DFT-s-OFDM demodulation performance requirements.
PT-RS
Due to no company wishing to define requirements with PT-RS and the effect of pre-compensation negating the need, Nokia feels no strong need to define requirements with PT-RS.
[bookmark: _Toc157605274]RAN4 shall not use PT-RS for NTN SAN DFT-s-OFDM demodulation performance with requirements.

Issue 3-3-3: Test setup for SAN PUSCH demodulation requirements with repetition Type A
For this test setup, Nokia does not see any concerns with the Option proposed as part of the Way Forward from RAN4#109.
[bookmark: _Toc157605275]RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUSCH demodulation (repetition type A)
Issue 3-3-4: Test setup for SAN PUCCH demodulation performance requirements
For this test setup, Nokia does not see any concerns with the Option proposed as part of the Way Forward from RAN4#109.
[bookmark: _Toc157605276]RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUCCH demodulation.
Issue 3-4-1 Antenna Configuration
Nokia believes that due to time of Rel-18, RAN4 should define requirements with a focus on 1Tx1Rx with future study on 1Tx2Rx. Further to this, we believe that for the minimum deployment case, only 1 element will be available for transmit and receive.
[bookmark: _Toc157605277]RAN4 shall use 1Tx1Rx for Antenna Configuration for SAN demodulation.
Issue 3-4-2 Channel Model
Following RAN4#109 NTN-TDLC5-200 is proposed for both DMRS bundling and multi-slot PUCCH, thus Nokia believes that NTN-TDLC5-200 should be used for all SAN demodulation cases. Whereby 200 Hz represents 0.01 ppm of  a 20 GHz carrier frequency
[bookmark: _Toc157605278]200Hz doppler is 0.01 ppm of 20GHz, thus representing the residual doppler after pre-compensation.
[bookmark: _Toc157605279]NTN-TDLC5-200 shall be used for all SAN demodulation performance requirements.
Issue 3-4-3: Test setup for SAN PUSCH demodulation performance requirements for DMRS bundling (If agreed to be introduced)
Additional DM-RS
Due to fact that only 200 Hz of doppler post-compensation, an additional DMRS in Pos2 would be redundant; as such Nokia believes that only 1 additional DMRS position is required.
[bookmark: _Toc157605280]RAN4 shall use a single additional DMRS in pos1 for NTN SAN DMRS bundling demodulation performance requirements.

Issue 3-4-4: Test setup for SAN multi-slot PUCCH format 1 demodulation performance requirements under LOS channel (If agreed to be introduced)
For this test setup, Nokia does not see any concerns with the Option proposed as part of the Way Forward from RAN4#109.
[bookmark: _Toc157605281]RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUCCH format 1 demodulation
[bookmark: _Toc116995848]Conclusion
This contribution provides our views on SAN demodulation requirements for Rel-18 NR NTN. Specifically, a series of observation and proposals are made as follows: 
Proposal 1: MCS 2/16/20 to be taken forward for performance requirements, with downselection based on SNR operating point.
Proposal 2: RAN4 shall use a single additional DMRS in pos1 for NTN SAN demodulation performance requirements.
Proposal 3: RAN4 shall use DMRS port 0 for NTN SAN demodulation performance requirements.
Proposal 4: RAN4 shall use full RB assignment for NTN SAN demodulation performance requirements.
Proposal 5: RAN4 shall not use PT-RS for NTN SAN demodulation performance requirements.
Proposal 6: RAN4 shall use a single additional DMRS in pos1 for NTN SAN DFT-s-OFDM demodulation performance requirements.
Proposal 7: RAN4 shall use DMRS port 0 for NTN SAN demodulation performance requirements for DFT-s-OFDM.
Proposal 8: RAN4 shall use full RB assignment for NTN SAN DFT-s-OFDM demodulation performance requirements.
Proposal 9: RAN4 shall not use PT-RS for NTN SAN DFT-s-OFDM demodulation performance with requirements.
Proposal 10: RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUSCH demodulation (repetition type A)
Proposal 11: RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUCCH demodulation.
Proposal 12: RAN4 shall use 1Tx1Rx for Antenna Configuration for SAN demodulation.
Observation 1: 200Hz doppler is 0.01 ppm of 20GHz, thus representing the residual doppler after pre-compensation.
Proposal 13: NTN-TDLC5-200 shall be used for all SAN demodulation performance requirements.
Proposal 14: RAN4 shall use a single additional DMRS in pos1 for NTN SAN DMRS bundling demodulation performance requirements.
Proposal 15: RAN4 shall use the test setup identified as Option 1 in the way forward from RAN4#109 for PUCCH format 1 demodulation
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