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1. Introduction
[bookmark: _Hlk528680199]The WI for NR in 52~71GHz has completed the RAN1 part. RAN4 RF and RRM discussions are also implemented for several meetings. It’s time to kick-off demodulation discussion for this WI. In this contribution, general analysis for BS demodulation of NR extended to 71GHz are delivered.     

2. Discussion
2.1	General
· Tx and Rx Configuration
The Tx and Rx configuration could follow Rel-15 configuration to start with 1/2Tx and 2Rx for BS demodulation. Although it is still possible for BS at 71GHz to have more branches antenna due to smaller antenna size, but it is not quite clear about the implementation. So higher Rx numbers, i.e., 4Rx, could be lower priority. 
Proposal 1: Start with 1/2Tx and 2Rx antenna configuration for FR2-2 BS demodulation requirements.   

· OTA test SNR limit
After several meetings discussion on link budget of demodulation test setup for FR2-1 OTA test, 20dB SNR limit is agreed which means the test setup is not feasible once target SNR >20dB. To check the performance for these test configurations, requirements with 30% throughput test metric with lower MCS test cases are introduced. 
For now, it is not clear about the test setup for FR2-2 RF sensitivity and there is no available 71GHz PA model on market could be used for link budget calculation. But it would not reach higher SNR limit than 20dB regarding to worse PA linearization and path loss. So FR2-2 could also take 20dB SNR limit at current stage. 
If it is finally approved that SNR limit is much lower than 20dB, new test cases and methods would be defined in that case.    
 
Proposal 2: FR2-2 could take [20dB] SNR limit at current stage. New test cases and method should be defined if it is finally approved that FR2-2 SNR limit is much lower than 20dB.

2.2	PUSCH requirements
· Normal PUSCH performance
Normal FR2-2 PUSCH demodulation requirement could start from the similar assumption as FR2-1 but consider new SCS and potential new phase noise model impact. The need of LBT could be discussed later. 
Consider following simulation assumptions in Table 2-1 as the start point. Down selection is needed based on the simulation results.
· The waveform could only consider CP-OFDM. Regarding the potential high PAR caused by worse PA linearization, DFT-s-OFDM could be considered later after the discussion on CP-OFDM. 
· Consider 120kHz SCS with 100MHz/400MHz bandwidth at the first step. 
· Antenna configuration: 1Tx 2Rx and 2Tx 2Rx. 
· Channel model: consider TDLA30-200/2000, TDLA10-200/2000 and TDLA5-200/2000 to cover different delay spread and UE speed. 
· Start with MCS4/16/20 to see if it is feasible. 
· DM-RS/PT-RS configuration could start with Rel-15 assumptions. Further discussion is needed based on simulation results. 

Table 2.2-1: Simulation parameters for FR2-2 PUSCH demodulation
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	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
	pos0, 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}, {0, 1}

	
	DM-RS sequence generation
	NID=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
(100MHz and 400MHz)

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2, Disabled

	configuration
	Time density (LPT-RS)
	1, Disabled

	Test metric
	Normalized throughput 
	70%

	Antenna 
	Tx and Rx configuration
	1Tx 2Rx
2Tx 2Rx

	Channel model
	
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	MCS
	64QAM MCS table index
	4/16/20 

	Phase noise 
	Model sets in TR38.808
	Set 1 (Note)

	Note: Companies are suggested to deliver ideal simulation results with and without phase noise. 



Proposal 3: Take simulation assumptions in Table 2-1 as the start point for PUSCH demodulation to check the phase noise impact and configuration feasibility. Down selection is needed based on simulation results.  
 
· Other PUSCH requirements
FR2-1 have several PUSCH requirements as following: 
· UCI multiplexing on PUSCH
· 2-step RA 
· PUSCH repetition type A
· PUSCH mapping type B with non-slot transmission
Regarding low latency of FR2-2 deployment scenario, 2-step RA and seems no necessary. For 480kHz and 960kHz SCS, symbol/slot duration is much shorter than FR2-1. It is not feasible to use PUSCH mapping type B with non-slot transmission and UCI multiplexing on PUSCH. PUSCH repetition type A could be useful for the coverage of FR2-2 deployment. 
Proposal 4: RAN4 consider define FR2-2 BS demodulation requirements for PUSCH repetition type A.  

2.3	PUCCH requirements
· Normal PUCCH performance
Similar as PUSCH discussion, similar assumptions of FR2-1 PUCCH demodulation requirements could be used as the start point. 
Basically, all PUCCH format requirements should be needed for new SCS. But format 1 and 3 could be prioritized for 120kHz SCS to reduce the simulation effort. 
Table 2.3-1: Simulation Parameters for FR2-2 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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz 

	Antenna configuration
	1Tx 2Rx

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Phase noise model
	Set 1 in TR38.808

	Test metric 
	SNR@NACKACK<0.1%
SNR@ACK miss<1% 

	Simulation results: Ideal simulation results with/without phase noise. 



Table 2.3-2: Simulation Parameters for FR2-2 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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz 

	Antenna configuration
	1Tx 2Rx

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Phase noise model
	Set 1 in TR38.808

	Test metric 
	SNR@BLER<1% 

	Simulation results: Ideal simulation results with/without phase noise. 



Proposal 5: Define new requirements for FR2-2 PUCCH performance. 
Proposal 6: Take simulation assumptions in Table 2.3-1 and 2.3-2 as the start point for PUCCH demodulation to check the phase noise impact and configuration feasibility. Other PUCCH format could be lower priority. 
 
· Enhanced PUCCH performance
For FR2-2, multi-RB PUCCH format 0/1/4 are introduced in RAN1. The brief feature characters include: 
· PUCCH formats 0, 1 and 4 are extended to support multiple RBs for 120, 480 and 960 kHz SCS.
· The number of supported RBs (per hop, if FH enabled) are 1-16 for 120, 480 and 960 kHz. Additionally, the number of RBs for PF4 must fulfill , where  are non-negative integers.
The number of RBs for PF4 does not vary depending on payload.
· All REs within all allocated RBs are be mapped to a single user. 
· Base sequences for PUCCH formats 0 and 1 and DMRS sequences for PUCCH format 4 are Type-1 low PAPR sequences of the same length as the number of mapped REs, following the same rules as in Rel-15. Cyclic shifts are defined in the same way as in Rel-15.
· Data symbols for enhanced PF4 will use pre-DFT block-wise spreading (OCC) across all allocated RBs, similarly to Rel-15 PF4 this results in a comb structure of the utilized REs over the air. OCC lengths 2 and 4 are supported.
· For PF4, The UCI payload is rate matched to the configured number of RBs (which does not depend on the payload). The maximum payload is the same as in Rel-15 (115 bits).
Considering the different PRB allocations, new requirement could be needed for PUCCH format 0/1/4. Following assumptions could be used for simulations. 
SCS and bandwidth: Prioritize 120kHz SCS with 100MHz and 400MHz bandwidth. 480kHz and 960kHz SCS could be lower priority.
Channel model: use same channel model as normal PUSCH requirement, such as TDLA30-200/2000, TDLA10-200/2000 and TDLA5-200/2000.
Other configurations could start with Rel-15/16 assumptions, but further discussion is needed on UCI bits, PRB number, frequency hopping and OCC configurations. 
Table 2.3-3: Test Parameters for multi-RB PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	16

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@DTX ACK <1%



Table 2.3-4: Test Parameters for multi-RB PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	16

	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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@NACK ACK <0.1%
SNR@ACK miss <1%



Table 2.3-5: Test parameters for multi-RB PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hoppingstartingPRB
	0

	Number of PRBs
	16

	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

	DM-RS position
	Pos0, {pos0, pos1}

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@BLER <1%



Proposal 7: Define new requirements for FR2-2 multi-RB PUCCH performance. Take simulation assumptions in Table 2.3-3, 2.3-4 and 2.3-5 as the start point for PUCCH format 0/1/4 to check the phase noise impact and configuration feasibility.   

2.4	PRACH requirements
For FR2-2 PRACH channel RAN1 discussion, new SCS 480kHz and 960kHz are introduced. Furthermore, extra sequence lengths are introduced for 120kHz SCS and 480kHz SCS. 
· 120kHz SCS PRACH: L= 139, 571, 1151 
· 480kHz SCS PRACH: L= 139, 571
· 960kHz SCS PRACH: L= 139. 
New requirements are necessary to cover above configurations. Based on our general view [2], following configurations could be considered as start point.
SCS: Prioritize 120kHz SCS. Lower priority for 480kHz and 960kHz SCS.
Burst format: Basically, all supported formats requirements should be defined considering new sequence is defined and phase noise model would be added. To kick-off the discussion, prioritizing discussion on typical format A2, B4, C2 is recommended. Other formats could be further discussed. 
Sequence length: L= 139, 571, 1151 for 120kHz.  
Channel model: Consider AWGN and multi-path fading channels, such as TDLA30-200/2000, TDLA10-200/2000 and TDLA5-200/2000.
Time error tolerance: 0.07us for AWGN. For multi-path fading channels, time error could be further discussed based on delay profile and timing error. 
Frequency offset: Consider 0.1ppm (7000Hz) for FR2-2. FR2-1 use 4000Hz for the requirement.   
Table 2.4-1: simulation parameters for FR2-2 PRACH 
	PRACH
	PRACH SCS
	Time error tolerance [us]
	Frequency offset

	preamble
	(kHz)
	AWGN
	TDLA30-200/2000
	TDLA10-200/2000
	TDLA5-200/2000
	AWGN
	Multi-path channel

	 A2, B4, C2
FFS on other preambles
	120
	0.07 
	FFS
	FFS
	FFS
	0
	7000



Proposal 8: Define new requirements for FR2-2 PRACH. Take simulation assumptions in Table 2.4-1 as the start point to see the phase noise impact and configuration feasibility. 


3. Conclusions
Proposal 1: Start with 1/2Tx and 2Rx antenna configuration for FR2-2 BS demodulation requirements.   
Proposal 2: FR2-2 could take [20dB] SNR limit at current stage. New test cases and method should be defined if it is finally approved that FR2-2 SNR limit is much lower than 20dB.
Proposal 3: Take simulation assumptions in Table 2.2-1 as the start point for PUSCH demodulation to check the phase noise impact and configuration feasibility. Down selection is needed based on simulation results.
Table 2.2-1: Simulation parameters for FR2-2 PUSCH demodulation
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	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
	pos0, 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}, {0, 1}

	
	DM-RS sequence generation
	NID=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
(100MHz and 400MHz)

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2, Disabled

	configuration
	Time density (LPT-RS)
	1, Disabled

	Test metric
	Normalized throughput 
	70%

	Antenna 
	Tx and Rx configuration
	1Tx 2Rx
2Tx 2Rx

	Channel model
	
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	MCS
	64QAM MCS table index
	4/16/20 

	Phase noise 
	Model sets in TR38.808
	Set 1 (Note)

	Note: Companies are suggested to deliver ideal simulation results with and without phase noise. 



Proposal 4: RAN4 consider define FR2-2 BS demodulation requirements for PUSCH repetition type A.
Proposal 5: Define new requirements for FR2-2 PUCCH performance. 
Proposal 6: Take simulation assumptions in Table 2.3-1 and 2.3-2 as the start point for PUCCH demodulation to check the phase noise impact and configuration feasibility. Other PUCCH format could be lower priority.
Table 2.3-1: Simulation Parameters for FR2-2 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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz 

	Antenna configuration
	1Tx 2Rx

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Phase noise model
	Set 1 in TR38.808

	Test metric 
	SNR@NACKACK<0.1%
SNR@ACK miss<1% 

	Simulation results: Ideal simulation results with/without phase noise. 



Table 2.3-2: Simulation Parameters for FR2-2 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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz 

	Antenna configuration
	1Tx 2Rx

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Phase noise model
	Set 1 in TR38.808

	Test metric 
	SNR@BLER<1% 

	Simulation results: Ideal simulation results with/without phase noise. 



Proposal 7: Define new requirements for FR2-2 multi-RB PUCCH performance. Take simulation assumptions in Table 2.3-3, 2.3-4 and 2.3-5 as the start point for PUCCH format 0/1/4 to check the phase noise impact and configuration feasibility.
Table 2.3-3: Test Parameters for multi-RB PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	16

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@DTX ACK <1%



Table 2.3-4: Test Parameters for multi-RB PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	16

	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

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@NACK ACK <0.1%
SNR@ACK miss <1%



Table 2.3-5: Test parameters for multi-RB PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hoppingstartingPRB
	0

	Number of PRBs
	16

	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

	DM-RS position
	Pos0, {pos0, pos1}

	SCS and bandwidth
	120kHz SCS
100MHz/400MHz

	Channel model 
	TDLA30-200/2000
TDLA10-200/2000
TDLA5-200/2000

	Test metric
	SNR@BLER <1%



Proposal 8: Define new requirements for FR2-2 PRACH. Take simulation assumptions in Table 2.4-1 as the start point to see the phase noise impact and configuration feasibility.
Table 2.4-1: simulation parameters for FR2-2 PRACH 
	PRACH
	PRACH SCS
	Time error tolerance [us]
	Frequency offset

	preamble
	(kHz)
	AWGN
	TDLA30-200/2000
	TDLA10-200/2000
	TDLA5-200/2000
	AWGN
	Multi-path channel

	 A2, B4, C2
FFS on other preambles
	120
	0.07 
	FFS
	FFS
	FFS
	0
	7000
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