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1 Introduction
In last RAN Plenary, Rel-14 V2X Core WI was closed. And based on V2X Core specification, general Rel-14 V2X UE demodulation performance requirements should be defined. In this contribution, we provide our views on the V2X demodulation performance requirements.
2 Discussion
2.1 V2V demodulation test cases

In V2V WI phase, RAN4 agreed that PSCCH/PSSCH link performance requirements and power imbalance test requirement should be defined as listed in Table 2‑1. For maximum sidelink process test, since this test is related with other WGs decision, it will be introduced in V2X WI phase according to WF [1]. 
Table 2‑1 Test cases for V2V WI phase
	
	Test requirements
	Main test purpose
	Rel-14 V2V test case

	Single-link
	PSSCH
	PSSCH demodulation performance
	Yes

	
	PSCCH
	PSCCH demodulation performance
	Yes

	
	PSBCH
	PSBCH demodulation performance
	No (only GNSS sync.)

	Multi-links
	Power imbalance
	Rx RF & AGC dynamic range
	Yes

	
	Maximum Sidelink process test condition
	Maximum processing capability of BB for Sidelink
	Pending to V2X WI phase


2.2 V2X demodulation test cases
One of big different feature between V2V and V2X phases is synchronization signal. Since sidelink synchronization signal is introduced, SLSS/PSBCH performance requirement should be defined. Additionally, RAN4 needs to consider other test cases according to RAN1 agreements which could be related to V2X UE demodulation requirements as following Table 2‑2.
Table 2‑2 RAN1 agreements related to V2X UE demodulation
	A1.
	· UE capability
· SLSS/PSBCH transmission and reception is up to UE capability

	A2.
	· Maximum number of bits per TTI
· The maximum number of sidelink transport block bits received within a TTI is set to 31704.

· The maximum number of bits of a single sidelink transport block is 31704.

· The total SL soft buffer size is 737280.

	A3.
	· For UE decoding capability
· UE is not expected to attempt to decode more than X PSCCHs in a subframe. UE is able to decode up to X PSCCH in a subframe.

· UE is expected to attempt to decode at least Y RBs per subframe counting both PSCCH and PSSCH decoding RBs.

· Two types of UE capability are defined

· One with (X=10, Y=100), the other with (X=20, Y=136)

	A4.
	· Dropping PSCCH

· If UE has (x=10, y=100) decoding capability, decoding rules for UE are introduced to ensure that transmissions from a given UE are not systematically dropped

· Capture in 36.213: “If the UE supports decoding less than 20 PSCCH candidates, it shall implement a mechanism to avoid systematic dropping of PSCCH when the number of PSCCH candidates exceeds the UE’s capability.”


PSBCH demodulation test

As mentioned above, PSBCH performance requirement should be introduced. Therefore, additional PSBCH test case could be considered regarding low and high speed conditions such as EVA180 and EVA2700 for SLSS/PSBCH supported V2X UE.
· Proposal 1: Introduce PSBCH performance requirement under EVA180 and EVA2700.
Figure 2‑1 show initial PSBCH performance for EVA180 and EVA2700. Simulation parameters are listed in Table 2‑3
Table 2‑3 PSBCH test parameters
	Parameter
	Unit
	Test

	NOC at antenna port
	dBm/15kHz
	-98

	Active cell(s)
	
	None

	Propagation Channel
	
	EVA180 / EVA2700

	Sidelink UE 1
	Sidelink Transmissions
	
	SLSS + PSBCH

	
	Synchronization
	
	SLSS

	
	Antenna configuration
	
	1x2 Low

	Simulation result / metric
	PSBCH BLER / 1%
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Figure 2‑1 PSBCH performance for EVA180 and EVA2700
Maximum Processes Test

According to A2 agreement, unlike D2D, RAN1 defined separate soft buffer size instead of number of maximum processes for V2V UE. Total SL soft buffer size 737280 is calculated by 96(RB) X 12(subcarrier/RB) X 10(symbol) X 4(16QAM) X 16(# of subframe regarding two retransmission). So to verify soft buffer management for V2V UE, soft buffer management test should be considered.
· Proposal 2: introduce soft buffer management test for V2V UE

Figure 2‑2 shows initial performance result for soft buffer management based on Table 2‑4.

Table 2‑4 Soft buffer management test parameters
	Parameter
	Unit
	Test

	Channel Bandwidth
	MHz
	20

	Propagation Channel
	
	Static propagation condition

	Sidelink UE i,

0 < i < 15
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	Timing offset
	Ts
	0

	
	Frequency offset
	Hz
	0

	
	Allocated RB for PSCCH
	ith subframe 
	2

	
	Allocated RB for PSSCH
	ith subframe
	96

	
	Modulation

(MCS)
	
	16QAM

(17)

	
	# of subframe regarding two retransmission
	subframe
	16

	
	Antenna configuration
	
	1x2 Low

	Simulation result / metric
	PSSCH BLER / [5%]
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Figure 2‑2 Performance for soft buffer management test
UE decoding capability
Based on RAN1 agreements (A3), two type of UE capability are defined as follows:
· Type 1: X=10, Y=100
· Type 2: X=20, Y=136
X and Y are the number of PSCCH and the number of RBs both PSCCH and PSSCH for decoding attempt in a subframe. Therefore, depending on UE decoding capability, each test for Type 1 and Type 2 should be introduced. 

· Proposal 3: Introduce UE decoding capability test for Type 1 and Type 2.

For Type 1 UE, following simulation assumption in Table 2‑5 could be considered, and Figure 2‑3 shows initial simulation result.
Table 2‑5 UE decoding capability test parameters (X=10, Y=100)
	Parameter
	Unit
	Test

	Channel Bandwidth
	MHz
	20

	Propagation Channel
	
	Static propagation condition

	Sidelink UE j,

0 < j < 9
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	Timing offset
	Ts
	0

	
	Frequency offset
	Hz
	0

	
	Resource pool (j)
	adjacencyPSCCH-PSSCH
	
	true

	
	
	startRB-Subchannel
	
	0

	
	
	sizeSubchannel
	RB
	10 

	
	
	numSubchannel
	RB
	10

	
	 Modulation (MCS)
	
	16QAM (19)

	
	Antenna configuration
	
	1x2 Low

	Simulation result / metric
	PSSCH BLER / [5%]
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Figure 2‑3 PSSCH performance for UE decoding capability (X=10, Y=100)
For Type2 UE, the number of PSSCH is 20, but total number of RB to attempt decoding is 136. It means that allocated PSSCH RBs and/or PSCCH RBs for each UE are partially overlapped. To verify 20 PSCCH decoding capability, two options for test configuration could be considered. 
· Option 1: Do not consider partial overlapping test configuration. 

· i.e., adjacent allocation for PSCCH and PSSCH with sizeSubchannel = 5 and numSubchannel = 20. .
· Option 2: Consider partial overlapping test configuration to verify Y=136 decoding capability

For Option 2, both X=20 and Y=136 for Type2 UE could be verified. However, test configuration would be very complicated. If adjacent allocation for PSCCH and PSSCH is configured, PSCCH for 20 UEs are overlapped by PSSCH, so it is difficult to verify whether UE attempt to decode 20 PSCCH or not since PSCCH is interfered by PSSCH. If non-adjacent allocation for PSCCH and PSSCH is configured, it is not possible to allocate 96RB for 20 UE PSSCHs even if PSSCH for 20 UE are overlapped. Therefore, since it is difficult to verify attempting to decode at least 136 RBs per subframe. Therefore, Option 1 is reasonable for test of Type2 UE decoding capability.

· Proposal 4: To verify {X=20, Y=136} for UE decoding capability, prefer Option 1 test configuration.
To reduce the number of test, soft buffer management test and UE decoding capability (X=10, Y=100) test could be merged. If the number of subframe regarding two retransmission is configured with 16 based on Table 2‑5 test configuration, both two tests are available. In this configuration, the number of sidelink transport block bits received within a TTI is 31120 (less than 31704).
· Proposal 5: Consider single test for both soft buffer management test and UE decoding capability (X=10,Y=100) test

PSCCH dropping mechanism

Type1 UE is not capable to decode more than 10 PSCCH decoding, so when received number of PSCCH is larger than UE decoding capability, the UE may drop some PSCCH decoding. To avoid systematic dropping for PSCCH, RAN1 agreement (A4) was decided on UE implementation, and it would be captured in TS36.213. To verify avoiding systematic dropping by UE implementation, RAN4 could consider defining performance requirement. However, RAN4 test case could limit various dropping mechanisms that are UE implementation issue. Therefore, it should be careful to define test case for PSCCH dropping mechanism.
· Proposal 6: prefer not to introduce PSSCH dropping mechanism test 

3 Conclusion 
In this contribution, we provide our views on the V2X demodulation performance requirements, and we propose

PSBCH demodulation test

· Proposal 1: Introduce PSBCH performance requirement under EVA180 and EVA2700
Maximum Processes Test

· Proposal 2: introduce soft buffer management test for V2V UE

UE decoding capability
· Proposal 3: Introduce UE decoding capability test for Type 1 and Type 2.

· Proposal 4: To verify {X=20, Y=136} for UE decoding capability, prefer Option 1 test configuration.

· Proposal 5: Consider single test for both soft buffer management test and UE decoding capability (X=10,Y=100) test

PSCCH dropping mechanism

· Proposal 6: prefer not to introduce PSSCH dropping mechanism test 
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