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1. Introduction

In RAN4 #82bis initial agreements on the V2X [1] UE demodulation requirements scope were made [2]. The following candidate test case were identified:
· PSBCH demodulation test case

· PSSCH max decoding processing test
· PSCCH max decoding processing test
· FFS: eNB synchronization based test

· FFS: WAN SDR test activated V2X communication

Our views on the max PSSCH and PSCCH decoding processing test cases is provided in the companion paper [3]. In this contribution we provide our views on the remaining test cases
2. Discussion
2.1 PSBCH demodulation performance
In RAN4 #82bis the following agreements on the PSBCH test case were made [2]:

	PSBCH test

· Background 
· SLSS/PSBCH were introduced in RAN1 V2X WI phase, and SLSS/PSBCH transmission and reception is up to UE capability
· Test purpose
· Verify PSBCH demodulation performance
· Test propagation condition
· EVA180
· Introduce new test case for PSBCH performance requirement


In Figure 1 we illustrate the demodulation performance under Rel-14 V2V PSBCH design assumption (with 3 DMRS symbols). The simulation assumptions are provided in Table 1 and 2 and are based on the agreements in [4] with a number of modifications (marked in blue). The simulation results are provided for the reference receiver assumptions agreed in the V2V WI scope for the PSSCH/PSCCH demodulation requirements. The results are based on the single PSBCH decoding attempt. No soft-combining across multiple PSBCH occasions is assumed.
Table 1 Simulation assumptions for PSBCH

	Test/Simulation parameter
	Proposals

	Sidelink transmission (Note 1)
	SLSS + PSBCH

	Channel bandwidth
	20 MHz

	Propagation Condition
	EVA180

	Synchronization reference source
	SLSS

	Number of PSBCH transmissions
	1

	Antenna configuration
	1x2 Low

	TX Timing offset
	0

	TX Frequency offset
	0

	RX timing error for PSBCH demodulation

(residual after SLSS detection)
	24 Ts

	RX frequency offset for PSBCH demodulation (residual after SLSS detection)
	0.1ppm

	Note 1: PSBCH transmits together with corresponding SLSS in the same subframe.


Table 2 PSBCH FRC
	Parameter
	Unit
	Value

	Reference channel 
	
	CP.2 FDD

	Channel bandwidth
	MHz
	20

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per subframe (see Note 1)
	
	6

	Modulation
	
	QPSK

	Transport Block Size
	Bits
	48

	Transport block CRC

	Bits
	16

	Number of PSBCH transmissions
	
	1

	Binary Channel Bits (see Note 2)
	Bits
	864

	Note 1: 
PSBCH transmissions are rate-matched for 7 DFT-OFDM symbols per subframe, and the last symbol shall be punctured as per TS 36.211. 

Note 2: 
Binary Channel Bits are calculated under assumption of 6 symbols.


The PSBCH demodulation is done once UE acquires the timing/frequency using SLSS and the receiver side 0.1 ppm frequency error relative to the actual signal can be assumed. In the Figure 1 below we illustrate the PSBCH demodulation performance simulation results under assumption of using “Cross DMRS” CFO estimation which can be assumed for the PSBCH demodulation.
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Figure 1. V2V PSBCH demodulation performance
2.2 PSSCH/PSCCH demodulation for eNB synchronization
In RAN4 #82bis the following agreements on the eNB synchronization source based test case were made [2]:

	eNB synchronization source based test

· Background
· eNB synchronization source were introduced for V2X UE
· Test purpose

· Verify UE demodulation for PSCCH/PSSCH performance base on eNB synchronization source
· Definition for performance requirement
· Option 1: do not define test case. 
· Option 2: define test case with [x] Ts TO and [y] Hz FO
· Option 2-1: Reuse GNSS based performance requirements (only introduce test case) 
· Define 2-2: define new performance requirements
· FFS resource pool configuration by eNB
· Need to investigate PSCCH/PSSCH performance based on eNB synchronization source


In terms of UE demodulation, the key difference between GNSS and eNB synchronization is the achievable TX and RX frequency synchronization accuracy. In accordance to the previous RAN4 studies the eNB synchronization accuracy has the following characteristics [5]:

	When the eNB signal is used for synchronization, according to current RAN4 requirements, the UE modulated short term transmit frequency error shall be within ±0.1ppm compared to the carrier frequency received from the eNB. The UE transmit frequency accuracy is defined relative to the “actual received signal frequency”, which may include additional carrier frequency offset relative to the “absolute” assigned carrier frequency due to Doppler effects on the cellular link and the eNB transmit frequency error (i.e. the Doppler effect and eNB frequency error are not included in the ±0.1ppm frequency error above). 

eNB transmit frequency error can vary from ±0.05ppm to ±0.1ppm in accordance with eNB type which is specified in TS 36.104 Section 6.5.1.1.

· Wide Area BS : ±0.05ppm

· Medium Range BS : ±0.1ppm

· Local Area BS : ±0.1ppm
The Doppler effects (shift and spread) on the cellular link depend on the propagation conditions between the eNB and UE, carrier frequency and UE velocity. The Doppler effect on the transmit frequency error w.r.t. absolute carrier frequency may vary depending on the whether the propagation conditions are LOS or NLOS.


Further we describe the main sources of frequency errors for the case of using eNB synchronization based on the analysis in [6]. To simplify description and analyze the worst case scenario in terms of the overall frequency error we consider the case when a vehicle synchronizes to an eNB in a freeway scenario assuming LOS propagation condition to capture the maximum impact from the Doppler shift relative to the eNB (see Figure 2).


[image: image2.emf]B

C

E

D

A

Reference Cell

(Serving/Camped)

V

B

V

C

V

D

V

A

V

E


Figure 2: V2V with eNB-based Synchronization in the Freeway Scenario.
When eNB is used for V2V system synchronization the synchronization is derived using PSS/SSS/CRS and the following factors affect the TX and RX frequency accuracy at the UE vehicle side:

· eNB transmit signal frequency error relative to absolute carrier frequency 
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 which can be assumed equal to ±0.05 ppm for Macro cell and ±0.1 ppm for small cells; 
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· Receive signal frequency offset due to Doppler shift on the cellular link relative to the eNB transmit frequency 
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 (where v is the UE speed relative to the eNB). In the general case, it may not be assumed that UE is capable to dynamically track the Doppler shift during the synchronization and, hence, the respective errors need to be taken into consideration.

· Residual receiver frequency estimation error at the UE side
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 relative to the “actual received frequency” 
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. For the V2V systems
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 was agreed to be equal ±0.1 ppm.
So, in case of using eNB signals for frequency synchronization, the vehicle UE TX and RX frequency errors would be equal 
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In Table 1 we illustrate upper bounds of TX/RX frequency errors for the case of eNB synchronization without taking into account possible additional offsets introduced during the V2V link propagation. Tree velocity scenarios defined for the GNSS synchronization are considered:

· Scenario #1: 33 km/h relative UE speed (EVA180)

· Scenario #2: 280 km/h relative UE speed (EVA1500)

· Scenario #3: 500km/h relative UE speed (EVA2700)

Table 1. TX/RX frequency error analysis

	eNB frequency error
	TX/RX frequency error

	
	Scenario #1: 33 km/h relative UE speed
	Scenario #2: 280 km/h relative UE speed
	Scenario #3: 500km/h relative UE speed

	Case 1: ±0.05ppm
	±0.97 kHz
	±1.62 kHz
	±2.25 kHz

	Case 2: ±0.1ppm
	±1.26 kHz
	±1.92 kHz
	±2.55 kHz


In Figure 3 we illustrate the PSSCH/PSCCH demodulation performance under assumption of using GNSS and eNB synchronization (for the case of ±0.1 ppm frequency errors). The results are provided for the following scenarios:
· PSCCH with EVA180, EVA1500, EVA2700
· PSSCH, EVA180, MCS13, 1 TTI, 8 PRB

· PSSCH, EVA180/EVA1500/EVA2700, MCS4, 2TTIs, 3RB

	PSCCH, EVA180
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	PSCCH, EVA1500
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	PSCCH, EVA2700

[image: image12.emf]-6 -4 -2 0 2 4 6 8 10 12

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSCCH, 6 GHz, EVA-2700Hz

GNSS sync

eNB sync (case 1)

eNB sync (case 2)


	PSSCH, EVA180, MCS13, 1 TTI, 8 PRB 
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	PSSCH, EVA180, MCS4, 2TTIs, 3RB
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	PSSCH, EVA1500, MCS4, 2TTIs, 3RB
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	PSSCH, EVA2700, MCS4, 2TTIs, 3RB
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	Figure 3. V2V demodulation for eNB synchronization


Observations #1: Under assumption of using worst case eNB based synchronization, the PSSCH/PSCCH demodulation performance substantially degrades for EVA1500 and EVA 2700 scenarios due to increased ICI
Proposal #1:
Define UE demodulation requirements for the case of eNB based synchronization for the following scenarios
· PSCCH, EVA180
· PSSCH, EVA180, MCS4, 2TTIs, 3RB
2.3 WAN SDR test with activated V2X communication
In RAN4 #82bis the following agreements on the WAN SDR test with activated V2X communication were made [2]:

	WAN SDR test activated V2X communication

· Background
· V2X UE can transmit and receive packets by Uu and PC5 simultaneously
· Test purpose
· Check impact performance for WAN and V2X
· Definition for performance requirement
· Option 1: do not define test case
· V2X UE has separate soft buffer size for V2X, and priority between WAN and V2X is signaled by PPPP
· Option 2: define test case
· Option 2-1: Define new test configuration
· Option 2-2: Reuse legacy WAN SDR test + V2X PSSCH decoding processing test 
(V2X UE will be tested by two test simultaneously, and pass each existing requirement)
· Need further analysis and test methodology


In the scope of a Rel-12 ProSe WI a “Sustained downlink data rate with active Sidelink” was introduced for ProSe Direct Communication. The test purposes are as follows: “The purpose of this test is to verify the downlink data rate is not impacted when Sidelink resource are also configured. … The test UE is expected to receive all PDSCH transmissions, and prioritize the transmission of ACK/NACK over the reception of UE 2’s PSSCH”.
In the previous meeting RAN4 discussed whether a similar test can be introduced the Rel-14 V2V/V2X scope in order to ensure that there are no mutual impacts from WAN to V2X and from V2X to WAN operation. The main purpose of such demodulation test would be to ensure that V2X capable UE has separate soft buffers for WAN and V2X operation. For example in case UE does not have enough memory to handle WAN/V2X the performance of either of them may decrease. Meantime, all other impacts can be verified as a part of the RRM interruption requirements. 
In order to test soft buffer implementation it may be possible to combine the tests which ensure correct soft buffer implementations for WAN and V2X:
· V2X: For V2X a PSSCH maximum decoding processing test can be used. The test is expected to be defined under AWGN condition and is planned to imply correct soft buffer implementation for V2X capable UEs. In particular, it is expected that UE would fail the PSSCH decoding from the initial attempt and would be forced to save the soft bits in the buffer. 
· WAN: In the previous meeting it was mentioned that a WAN SDR test case can be used as the candidate DL performance test case to ensure soft buffer implementation. In our understanding, the WAN SDR test cannot be considered as a DL soft buffer test since it is defined under noise-free conditions. In particular, UE can perform successful PDSCH decoding from the first attempt and does not need to perform consecutive HARQ combining. So, the SDR test is not applicable for the particular test purpose. Furthermore, we think that the introduction of the corresponding test cases for DL is not in the scope of the V2X WI.

Given the fact that there is no methodology to ensure the DL soft buffer implementation for the single carrier case, we recommend to deprioritize introduction of the related test cases in the Rel-14.
Proposal #2:
Deprioritize WAN SDR test with activated V2X communication
3. Conclusions

In this contribution we have provided our views on the V2X demodulation performance requirements. In summary, we make the following proposals:
Proposal #1:
Define UE demodulation requirements for the case of eNB based synchronization for the following scenarios

· PSCCH, EVA180
· PSSCH, EVA180, MCS4, 2TTIs, 3RB
Proposal #2:
Deprioritize WAN SDR test with activated V2X communication
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