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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At last meeting, simulation assumptions and test scope for PSSCH were discussed. In this paper, we provide our further discussions based on WF [1]
Discussions
Test scenarios 
At last meeting, test with QPSK for 500km/h was agreed. The additional following test was introduced:
	· Option 1: [Test 2] 16QAM for 260km/h relative velocity
· Option 2: [Test 3] 64QAM for 30km/h relative velocity
· Option 3: both option 1 and option 2


From our understanding, 260km/h is very typical velocity for V2X scenarios of vehicles platooning and advanced driving as figured out in TS 22.186. The related descriptions are shown as follows:
Table 5.2-1 Performance requirements for Vehicles Platooning 
	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max end-to-end latency
(ms)
	Reliability (%)
(NOTE 5)
	Data rate (Mbps)
	Min required communication
 range (meters)
(NOTE 6)

	Scenario
	Degree
	
	
	
	
	
	
	

	Cooperative driving for vehicle platooning
Information exchange between a group of UEs supporting V2X application.
	Lowest degree of automation 
	[R.5.2-004]
	300-400
(NOTE 2)
	30
	25
	90
	
	

	
	Low  
degree of automation
	[R.5.2-005]
	6500
(NOTE 3)
	50
	20
	
	
	350

	
	Highest degree of automation
	[R.5.2-006]
	50-1200
(NOTE 4)
	30
	10

	99.99
	
	80

	
	High 
degree of automation
	[R.5.2-007]
	
	
	20
	
	65
(NOTE 3)
	180

	Reporting needed for platooning between UEs supporting V2X application and between a UE supporting V2X application and RSU.
	N/A
	[R.5.2-008]
	50-1200
	2
	500
	
	
	

	Information sharing for platooning between UE supporting V2X application and RSU.
	Lower 
degree of automation
	[R.5.2-009]
	6000
(NOTE 3)
	50
	20
	
	
	350

	
	Higher degree of automation
	[R.5.2-0010]
	
	
	20
	
	50
(NOTE 3)
	180

	NOTE 2: This value is applicable for both triggered and periodic transmission of data packets.
NOTE 3: The data that is considered in this V2X scenario includes both cooperative manoeuvres and cooperative perception data that could be exchanged using two separate messages within the same period of time (e.g., required latency 20ms).
NOTE 4: This value does not including security related messages component.
NOTE 5: Sufficient reliability should be provided even for cells having no value in this table 
NOTE 6: This is obtained considering UE speed of 130km/h. All vehicles in a platoon are driving in the same direction.



Table 5.3-1 Performance requirements for advanced driving
	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max
end-to-end latency
(ms)

	Reliability (%)
(NOTE3)
	Data rate (Mbps)
	Min required Communication range (meters) 
(NOTE 4)

	Scenario
	Degree
	
	
	
	
	
	
	

	Cooperative collision avoidance  between UEs supporting V2X applications.
	[R.5.3-001]
	2000
(NOTE 5)
	100
(NOTE 5)
	10
	99.99
	10
(NOTE 1)
	

	Information sharing for automated driving between UEs supporting V2X application.
	Lower 
degree of automation
	[R.5.3-002]
	6500
(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-003]
	
	
	100
	
	53
(NOTE 1)
	360

	Information sharing for automated driving between UE supporting V2X application and RSU
	Lower 
degree of automation
	[R.5.3-004]
	6000
(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-005]
	
	
	100
	
	50
(NOTE 1)
	360

	Emergency trajectory alignment between UEs supporting V2X application.
	[R.5.3-006]
	2000
(NOTE 5)
	
	3
	99.999
	30
	500

	Intersection safety information between an RSU and UEs supporting V2X application.
	[R.5.3-007]
	UL: 450
	UL: 50
	
	
	UL: 0. 25 DL: 50
(NOTE 2)
	

	Cooperative lane change between UEs supporting V2X applications.
	Lower 
degree of automation
	[R.5.3-008]
	300-400
	
	25
	90
	
	

	
	Higher degree of automation
	[R.5.3-009]
	12000
	
	10
	99.99
	
	

	Video sharing between a UE supporting V2X application and a V2X application server. 
	[R.5.3-010]
	
	
	
	
	UL: 10
	

	NOTE 1:	This includes both cooperative manoeuvers and cooperative perception data that could be exchanged using two separate messages within the same period of time (e.g., required latency 100ms). 
NOTE 2:	This value is referring to a maximum number of 200 UEs. The value of 50 Mbps DL is applicable to broadcast or is the maximum aggregated bitrate of the all UEs for unicast.
NOTE 3: 	Sufficient reliability should be provided even for cells having no values in  this table 
NOTE 4:   This is obtained considering UE speed of 130km/h. Vehicles may move in different directions. 
NOTE 5: 	These values are based on calculations for cooperative maneuvers only.


Hence, at least option 1 should be considered, but we can comprise to option 3.
Proposal 1: Consider option 1(260 km/h) or option 3 (260km/h and 30km/h) for additional test scenarios.
Resource allocation
Sub-channel size 
From our understanding, according to clause 8.2.2 in TS 38.214, both options have no difference for DMRS pattern. From the perspective of resource utilization for 51RBs (20MHz bandwidth and 30 kHz SCS), 10 PRB sub-channel size is more feasible. At the same time, 10 RB sub-channel size has the smallest granularity and can be used for most cases.
Proposal 2: Use 10RB sub-channel size for all single-link test cases.
RB allocation
The RB allocation is open for cases with 260km/h and 30km/h. From our simulation results in [4], following observation is achieved:
Observation 1:  
· For case with 30km/h: Performance for 20RBs allocation has 1.26dB and 0.79dB gain compared to 10RBs allocation respectively for PSFCH periodicity=1 and PSFCH periodicity=4.
· [bookmark: OLE_LINK18]For case with 260km/h:  Performance for 20RBs allocation has 1.34dB and 0.61dB gain compared to 10RBs allocation respectively for DMRS {3,2} and DMRS {4,3}.
Since UE configured with 20RBs allocation has more samples for CFO estimation and has better performance than 10RBs allocation. Hence 20RBs allocation is more feasible.
Moreover, 10RBs allocation is the scenario that PSCCH TDM with PSSCH which has the same channel structure as NR Uu and it  has been tested in Rel-15. Only big difference for NR V2X is PSSCH DMRS FDMed with PSCCH and we should consider this scenario.
Proposal 3: Use 20RBs allocation for all PSSCH single-link tests.
DMRS pattern
The DMRS pattern is open for case with 260 km/h. From our simulation results, following observation is achieved:
Observation 2: Performance with DMRS pattern {4,3} has 0.57dB gain compared to DMRS pattern{3,2} for cases with 20RBs allocation.
UE select DMRS pattern according to the channel conditions, from our simulation results, DMRS {3,2} is enough for channel conditions with 260km/h and the gain for more DMRS symbols is limited. We don't need to configure the DMRS pattern with most DMRS symbols to test not very bad channel conditions. Moreover, DMRS {4, 3} has been verified in case with 500km/h.
Proposal 4: Use DMRS {3,2} for case with 260km/h. 
Propagation conditions 
The propagation conditions is open for case with 500km/h. From our simulation results in [4], following observation is achieved:
Observation 3:
·  For cases with PSFCH periodicity =4, SNR @ 10% BLER of PSSCH for TDLB is 0.52dB lower than TDLA,
·  For cases with PSFCH periodicity=1, SNR @ 10% BLER of PSSCH for TDLB is 0.58dB lower than TDLA. 
From our understanding, even if case with TDLB has better performance, TDLA is more feasible since it is more closed to EPA used for Rel-14 V2X.It is unrealistic to have large Doppler spread and time delay at the same time. From our simulation results, the SNR @ 10 % BLER with TDLA is achievable.
Proposal 5: Use TDLA-30 as propagation condition
PSFCH periodicity
The PSFCH periodicity is open for case with 30km/h and 500km/h. From our simulation results, following observation is achieved:
Observation 4: 
· For test with 30km/h: There is 0.18dB performance difference between scenarios with 1 PSFCH periodicity and 4 PSFCH periodicity for cases with 20RBs allocation. 
· For test with 500km/h: There is 0.30dB performance difference between scenarios with 1 PSFCH periodicity and 4 PSFCH periodicity for cases with TDLA-30-2700
Such small performance difference can be ignored. From the perspective of resource utilization, 4 PSFCH periodicity is more feasible. What’s more, test with 4 PSFCH periodicity can verify the performance with two different DMRS patterns in one case which has not been verified in NR Uu.
Proposal 6: Use PSFCH periodicity=4 for all single-link PSSCH tests.
Beta value for 2nd stage SCI
From our simulation results in [3], if we don't consider joint decoding of SCI stage 2 and PSSCH, Betta-offset have negligible impact on performance for PSSCH. But in actual test, UE must decode SCI stage 2 firstly and then decode PSSCH. Hence the selection of Betta-offset must ensure the performance of SCI stage 2 so that it doesn’t affect the demodulation of PSSCH.
From our simulation results, following observation is achieved:
Observation 5: 
· For test cases with 500km/h, BLER of SCI stage 2 can be ignored conditioned that betta-offset=3.5 when SNR achieves the point where PSSCH BLER=10%. 
· For test cases with 30km/h and 260km/h, BLER of SCI stage 2 can be ignored conditioned that betta-offset=5 when SNR achieves the point where PSSCH BLER=10%.
According to the observation 5, we give following proposal:
Proposal 7: Use betta-offset=3.5 for test case with 500km/h and betta-offset=5 for test cases with 260km/h and 30km/h.
Test for 256 QAM 
256QAM is not commonly used in group cast and broadcast scenarios. What’s more, the SNR @ 10% of BLER is very high (more than 20dB) for 256QAM and it is not possible to achieve such high in practical scenario. We prefer not define the performance requirements for 256 QAM.   
Proposal 8: Don’t introduce 256QAN requirements 
Test for gNB based sync
[bookmark: _GoBack]gNB as sync is optional for UE operated on band n47. What’s more, only difference is lager CFO and CTO compared to cases with GNSS as sync. Hence, we propose not to define the requirements for gNB based sync.
Proposal 9: Don’t introduce gNB based sync requirements.. 
Conclusion
In this contribution, we provide our further discussions on V2X single-link test. The observations and proposals are:
Proposal 1: Consider option 1(260 km/h) or option 3 (260km/h and 30km/h) for additional test scenarios.
Proposal 2: Use 10RB sub-channel size for all single-link test cases.
Observation 1:  
· For case with 30km/h: Performance with 20RBs allocation has 1.26dB and 0.79dB gain compared to 10RBs allocation respectively for PSFCH periodicity=1 and PSFCH periodicity=4.
· For case with 260km/h:  Performance with 20RBs allocation has 1.34dB and 0.61dB gain compared to 10RBs allocation respectively for DMRS {3,2} and DMRS {4,3}.
Proposal 3: Use 20RBs allocation for all PSSCH single-link tests.
Observation 2: Performance with DMRS pattern {4,3} has 0.57dB gain compared to DMRS pattern{3,2} for cases with 20RBs allocation  
Proposal 4: Use DMRS {3,2} for case with 260km/h. 
Observation 3:
·  For cases with PSFCH periodicity =4, SNR @ 10% BLER of PSSCH for TDLB is 0.52dB lower than TDLA,
·  For cases with PSFCH periodicity=1, SNR @ 10% BLER of PSSCH for TDLB is 0.58dB lower than TDLA. 
Proposal 5: Use TDLA-30 as propagation condition
Observation 4: 
· For test with 30km/h: There is 0.18dB performance difference between scenarios with 1 PSFCH periodicity and 4 PSFCH periodicity for cases with 20RBs allocation. 
· For test with 500km/h: There is 0.30dB performance difference between scenarios with 1 PSFCH periodicity and 4 PSFCH periodicity for cases with TDLA-30-2700
Proposal 6: Use PSFCH periodicity=4 for all single-link PSSCH tests.
Observation 5: 	
· For test cases with 500km/h, BLER of SCI stage 2 can be ignored conditioned that betta-offset=3.5 when SNR achieves the point where PSSCH BLER=10%. 
· For test cases with 30km/h and 260km/h, BLER of SCI stage 2 can be ignored conditioned that betta-offset=5 when SNR achieves the point where PSSCH BLER=10%.
Proposal 7: Use betta-offset=3.5 for test case with 500km/h and betta-offset=5 for test cases with 260km/h and 30km/h.
Proposal 8: Don’t introduce 256QAM requirements 
Proposal 9: Don’t introduce gNB based sync requirements.
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Appendix
[bookmark: OLE_LINK15]		Table 5-1: Simulation assumptions for PSSCH
	Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2
	SCH_Test3

	Synchronization source
	
	GNSS
	GNSS
	GNSS

	Propagation condition
	
	TDLA30-180
	TDLA30-1400
	Option 1:TDLA30-2700 baseline
Option 2:TDLB100-2700

	Channel bandwidth
	MHz
	20
	20
	20

	Allocated resource blocks
	RB
	Option 1: 10
Option 2: 20
	Option 1: 10
Option 2: 20
	20

	PSCCH resource allocation 
	
	10 RBs with 2 symbols
	10 RBs with 2 symbols
	Option 1: 10 RBs with 2 symbols if Propagation condition is TDLA30-2700
Option 2: 10 RBs with 3 symbols if Propagation condition is TDLB100-2700

	Subcarrier spacing
	kHz
	30
	30
	30

	Timing offset
	
	CP/2-12Ts
	CP/2-12Ts
	CP/2-12Ts

	Frequency offset
	Hz
	600
	600
	600

	CP-OFDM symbols for slot with PSFCH(Note 1)
	
	9
	9
	9

	CP-OFDM symbols for slot without PSFCH 
	
	12
	12
	12

	DMRS symbols for slot with PSFCH
	
	2
	Option 1: 2
Option 2: 3
	3

	DMRS symbols for slot without PSFCH
	
	2
	Option 1: 3
Option 2: 4
	 4(Note 2)

	Modulation order
	
	6
	4
	2

	MCS index
	
	17
	11
	4

	2nd stage SCI format 2-A configuration
	Payloads
	Bits
	35
	35
	35

	
	
	
	1
	1
	1

	
	
	
	[5]
	[5]
	[3.5]

	Transport Block Size for slot with PSFCH
	Bits
	
	
	

	Transport Block Size for slot without PSFCH
	Bits
	
	
	

	Transport block CRC
	Bits
	24
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1
	1

	Binary Channel Bits for slots with PSFCH
	
	
	
	

	Binary Channel Bits for slots without PSFCH
	Bits
	
	
	

	PSFCH resource period
	Slot
	Option 1: 1
Option 2: 4
	4
	Option 1: 1
Option 2: 4

	MinTimeGapPSFCH
	Slot
	[3]
	[3]
	[3]

	Antenna configuration
	
	1x2
	1x2
	1x2

	Performance metric
	
	SNR@10% BLER of PSSCH 

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.
Note 2: It is only applied to cases when PSFCH resource period =1 



