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Introduction
In RAN4#82bis, demodulation test cases were discussed for V2X. There are still quite many open issues for V2X demodulation. In this paper, we share our view on these open issues. 
PSSCH and PSCCH decoding processing capability test
PSSCH decoding processing capability test
In [1], we have the following agreements:
· Introduce new test case for PSSCH decoding capability requirement, to verify SL soft buffer management and the maximum number of bits per TTI supported by the UE, wherein
· 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.
To verify UE can handle the maximum number of bits per TTI and the maximum number of bits of a single sidelink transport block, it is quite straight forward. We can use the transmission parameters shown in Table 1.
[bookmark: _Ref481829375]Table 1: Transmission parameters in the test
	Parameters
	Value
	Note

	Bandwidth
	20 MHz
	

	numSubchannel
	20
	

	sizeSubchannel
	5
	

	Number of allocated subchannels
	20
	Corresponding to 96 PRBs

	I_TBS
	16
	Corresponding the TBS is 31704



Regarding the sidelink soft buffer size, the rational behind of 737280 is based on [2]:
The maximum number of coded bits per TTI can be calculated using maximum of 96 RBs for PSSCH using 16QAM modulation and rate matched to 10 symbols. The maximum number of coded bits is thus 96 * 12 * 4 * (14-4) = 46080. Further, there is maximum allowed gap between first transmission and retransmission is 15. Thus the UE has to buffer for 16 TTIs before start of decoding (i.e. when both of the redundancy versions of the first HARQ process are received). The total soft buffer size is then 16 TTI x Maximum coded bits per TTI = 16 x 46080 = 737280.
Thus, in order to verify the soft buffer management, we must set proper SNR to have the following characteristics:
· The first transmission is almost not decodable to force UE to buffer the first 15 TBs
· The second transmission is decodable
Otherwise, if UE don’t buffer so many bits, it still can pass the soft buffer test. This soft buffer test is different from legacy soft buffer test. In legacy soft buffer test, noise free is set and maximum throughout is set as the metric for the test. But in this soft buffer test, noise is needed. 
[bookmark: _Toc481799307][bookmark: _Toc481799406][bookmark: _Toc481829868][bookmark: _Toc481833666]Proper SNR need to be set to reduce the decode probability for the first transmission to force UE to buffer the first 15 TBs in the soft buffer management test. 

PSCCH decoding processing capability test
According to the agreements in [1], we agreed to introduce new test cases for PSCCH decoding capabilities (X=10 and X=20) requirements. Per UE capability definition, 
· 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.
There are two types of UE capability are defined
· Type 1: X=10, Y=100
· Type 2: X=20, Y=136  
For the first type UE, the test setup is quite simple. The test parameters can be given as Table 2.
[bookmark: _Ref481790297]Table 2: Test parameters for X=10 and Y=100
	Parameters
	Value
	Note

	Bandwidth
	20 MHz
	

	numSubchannel
	10
	

	sizeSubchannel
	10
	

	Number of allocated subchannel
	1
	Corresponding to 8 PRBs

	I_TBS
	16
	



For the type 2 UE, there are several options for the test:
· Option1: Only focus to verify X (PSCCH decoding processing capability)
· Option2: Verify Both X and Y
· For Type 2, baseline is Option1. Companies can bring additional test purposes.
In order to verify both X and Y, the following setups may partially serve the purpose. 
Firstly, the system setup is configured as Table 3. Secondly, three transmission patterns are defined as shown in Figure 1. In the figure, the yellow block stands for the allocated PRBs for PSSCH and the blue block stands for the allocated PRBs for PSCCH. In the first pattern, 96 PRBs are allocated for the PSSCH transmission and the SA in the first subchannel is used for PSCCH. In the second pattern, 20 PSCCH and 20 PSSCH are transmitted, and each PSSCH is with 3 PRBs. In the third pattern, 90 PRBs are allocated for PSSCH transmission and the SA in the last subchannel is used for PSCCH transmission. Thirdly, the three pattern can be transmitted sequentially. With the pattern 2, we can verify “UE is not expected to attempt to decode more than 20 PSCCHs in a subframe”. With pattern 1 and pattern 3, we can partially verify “UE is expected to attempt to decode at least 136 RBs per subframe counting both PSCCH and PSSCH decoding RBs”. For the UE decoding PSCCH in ascending subchannel number, for pattern 1, it needs to decodes 2 PRBs (for PSCCH) + 96 PRBs (for PSSCH) =98 PRBs, while for pattern 3, it needs to decode 20*2 PRBs (for PSCCH) + 90 PRBs (for PSSCH) = 130 (PRBs). For the UE decoding PSCCH in decending subchannel order, for pattern 1, it needs to decode 20*2 PRBs (for PSCCH) + 96 (PRBs) = 136 PRBs, while for pattern 3, it only needs to decode 2 PRBs (for PSCCH) + 90 PRBs (for PSSCH) = 92 PRBs. With this three random interleaved pattern, at least we can verify UE can Handle PRBs larger than 100 PRBs case without any PSSCH overlapping configuration. 

[bookmark: _Ref481790588]Table 3: Test parameters for X=20 and Y=136
	Parameters
	Value
	Note

	Bandwidth
	20 MHz
	

	numSubchannel
	20
	

	sizeSubchannel
	5
	

	Number of allocated subchannels
	Depends on the selected pattern
	Three patterns are defined in the test

	I_TBS
	16
	



[image: ]
[bookmark: _Ref481792078]Figure 1: Transmission patterns for the PSCCH processing capability test
Based on this proposal, we can verify X and partial verify Y. Thus:
[bookmark: _Toc481799308][bookmark: _Toc481799407][bookmark: _Toc481829869][bookmark: _Toc481833667]With proper setup, X can be fully verified and Y can be partially verified

eNB synchronization source based test
In non-standalone V2V/V2X operation, the main difference with standalone V2V/V2X is the synchronization source is changed. For standalone V2V/V2X operation, the GNSS is the synchronization source. The demodulation test case can at least verify UE whether can properly handle the time/frequency error against GNSS, and receiption window adjustment based on GNSS, etc. When the synchronization source is changed from GNSS to eNB, the UE need to track eNB synchronization, adjust reception window based on eNB synchronization, which is further impact on the time/frequency error handling which has great impact on the demodulation performance. The aforementioned behaviour is a new behaviour for V2V/V2X. It is never verified up to now. One possible way is verified by RRM. However, in RRM test, the RSRP and RSSI measurement is too coarse. It is more like a functionality test from demodulation point of view. Without demodulation performance test, we only know UE can support eNB-based synchronization, but we don’t know how good the UE can achieve the demodulation performance when the synchronization source is changed from GNSS to eNB. Thus, we prefer to have demodulation test for the case where the synchronization source is from eNB. 
In order to reduce the test case number and don’t repeat all the tests, we can select one test case to cover eNB as synchronization source case. Single link PSSCH test is perferable for the test. 
[bookmark: _Toc481799310][bookmark: _Toc481799401][bookmark: _Toc481831197][bookmark: _Toc481833530][bookmark: _Toc481833675]One and only one single link PSSCH test is introduced for the demodulation test when the synchronization source is eNB

In order to reduce the simulation efforts, we can reuse the same time offset and frequency offset for GNSS case in the new test case.  
[bookmark: _Toc481799311][bookmark: _Toc481799402][bookmark: _Toc481831198][bookmark: _Toc481833531][bookmark: _Toc481833676]The time offset and frequency offset used in the standalone can be reused in the scenario wherein eNB is set as the synchronization source and the performance requirement defined for GNSS-based synchronization is reused in the test for eNB-based synchronization. 

[bookmark: _Ref178064866]PC5 and WAN concurrency test
Background 
Proximity communication concurrent with WAN
In 36.101, the concurrency test for PC5-based communication and WAN is introduced. Theare are two purposes:
· To verify the downlink data rate is not impacted when Sidelink resource are also configured (Purpose I) 
· To verify the transmission of ACK/NACK is prioritized over the reception of PSSCH concurrency (Purpose II) 
The test scenario is as shown in Figure 2. In the test setup, there are two transmission UEs, UE1 transmits PSCCH+PSSCH, and UE2 transmits PSCCH only. The purpose of UE1 transmission is to verify the PC5 receiption have no any impact on donwlink data receiption. The purpsose of UE2 transmission is to verify the transmission of ACK/NACK is prioritized over the reception of PSSCH. In the test, PC5 and uplink data is multiplexed in time domain. The detail transmission pattern is shown in Figure 3.  
[image: ]
[bookmark: _Ref481795631]Figure 2: Test scenario in Rel-12 D2D
 [image: ]
[bookmark: _Ref481794843]Figure 3: PC5 and WAN concurrency test in D2D communication
In the test, the scheduling pattern for downlink is {01110111 11110111 11110111 11110111 11111110} as illustrated in the first row of Figure 3, and the corresponding Ack/Nack is shown in the second row, and the transmission of UE1 and UE2 is shown in the third row and fourth row. In the column marked as Yellow, UE need to receive both PDSCH and PC5 from UE1, in the column marked as red, UE needs to prioritize  Ack/Nack transmission over the reception from UE2 . 
In the test, only PDSCH performance is verified and PC5 performance is omitted. 

[bookmark: _Ref481798022]Operation scenario for V2V and WAN concurrency
In 36.101, RF has defined the bands for the con-current V2X operation. The details are shown in Table 4 and Table 5. The scenario can be shown in Figure 4.

[bookmark: _Ref481797824]Table 4: Inter-band con-current V2X operating bands
	V2X con-current configuration
	Operating Band
	Interface
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	V2X_3-47
	3
	Uu
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	
	5925 MHz
	TDD

	V2X_7-47
	7
	Uu
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	
	5925 MHz
	TDD

	V2X_8-47
	8
	Uu
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	
	5925 MHz
	TDD

	V2X_39-47
	39
	Uu
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	
	5925 MHz
	TDD

	V2X_41-47
	41
	Uu
	2496 MHz
	–
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	
	5925 MHz
	TDD




[bookmark: _Ref481797851]Table 5: V2X inter-band con-current configurations and bandwidth combination sets
	V2X inter-band Configuration 
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum bandwidth [MHz]
	Bandwidth combination set

	V2X_3A-47A
	3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_7A_47A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_8A-47A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_39A-47A
	39
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_41A-47A
	41
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0



[image: ]
[bookmark: _Ref481797799]Figure 4: con-current PC5 and WAN operation
According to the RF band definition, dedicated component carriers are allocated for PC5 operation and Uu uplink uses different frequency with PC5. As the receiver, UE needs to receive PC5 and PDSCH simultaneously, which is similar as CA operation, where multiple component carriers are received simultaneously. The only difference is in CA case, all component carriers carry PDSCH, while in this scenario, some component carriers carry PDSCH and some component carriers carry PC5. 

[bookmark: _Ref481798978]Discussion on the V2V and WAN concurrency test
When V2V and WAN is concurrent, they may impact each other without proper implementation. RAN1 have realize this issue very earlier. In order to avoid the improper V2V implementation which lead to some impact on WAN performance, In RAN1 #83, RAN1 have the following agreements:
· The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:
· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.
From RAN1 point of view, the conclusion is very clear. How to gurantee this point is one main task for RAN4. RAN4 shall design a proper test case to achieve good coexistence between PC5-based V2V and WAN. 
In 36.101, the proximity communication and WAN concurrency test have two purposes:
· To verify the downlink data rate is not impacted when Sidelink resource are also configured (Purpose I) 
· To verify the transmission of ACK/NACK is prioritized over the reception of PSSCH concurrency (Purpose II) 
For the second purpose, as stated in section 4.1.2, the PC5 uses different component carriers from Uu uplink up to this release. Thus, there is no confliction between Uu uplink transmission and PC5 receiption up to this release. Hence, it is not necessary to set the purpose II for the V2V and WAN concurrency test in this release. 

During the discussion of concurrent D2D and WAN test, another test purpose is also discussed but not agreed. This test purpose is to verify WAN TX is prioritized over D2D TX. In V2V and WAN concurrency test, The priotization rule between V2V TX and WAN TX may be also not necessary. The prioritization rule between V2V and WAN is different from D2D communication TX and WAN TX prioritization rule. In 36.331, for the side-link TX prioritization over WAN TX, we have the following signalling and behaviour:

SL-V2X-ConfigCommon-r14 ::=		SEQUENCE {
[bookmark: OLE_LINK195][bookmark: OLE_LINK194]	v2x-CommRxPool-r14					SL-CommRxPoolListV2X-r14			OPTIONAL,	-- Need OR
	v2x-CommTxPoolNormalCommon-r14		SL-CommTxPoolListV2X-r14			OPTIONAL,	-- Need OR
	p2x-CommTxPoolNormalCommon-r14		SL-CommTxPoolListV2X-r14			OPTIONAL,	-- Need OR
	v2x-CommTxPoolExceptional-r14		SL-CommResourcePoolV2X-r14			OPTIONAL,	-- Need OR
[bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK338][bookmark: OLE_LINK166][bookmark: OLE_LINK167]	v2x-SyncConfig-r14					SL-SyncConfigListV2X-r14			OPTIONAL,	-- Need OR
[bookmark: OLE_LINK184][bookmark: OLE_LINK183][bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK219][bookmark: OLE_LINK369][bookmark: OLE_LINK368][bookmark: OLE_LINK343][bookmark: OLE_LINK342]	v2x-InterFreqInfoList-r14			SL-InterFreqInfoListV2X-r14			OPTIONAL,	-- Need OR
	v2x-ResourceSelectionConfig-r14			SL-CommTxPoolSensingConfig-r14		OPTIONAL,	-- Need OR
	zoneConfig-r14						SL-ZoneConfig-r14					OPTIONAL,	-- Need OR
	typeTxSync-r14						SL-TypeTxSync-r14,
	thresSL-TxPrioritization-r14		INTEGER (0..7)						OPTIONAL,	-- Need OR
	offsetDFN-r14						INTEGER (0..1000)					OPTIONAL	-- Need OR
}

thresSL-TxPrioritization

Indicates the threshold used to determine whether SL TX is prioritized over UL TX overlapping in time. If the SL data to be transmitted has a PPPP value lower than this threshold, then the SL data can be prioritized over UL transmission in the same subframe. This value shall overwrite thresSL-TxPrioritization configured in SL-V2X-Preconfiguration if any.

Based on this definition, SL TX may be priotized over UL Tx overlapping in time. Further, since the PC5 and Uu uplink use different component carriers up to this realease, thus, SL TX and UL TX have no confliction up to this release. 
In summary, in V2V concurrency test, the prioritization rule between UL Tx and SL TX/RX may not need to be verified in this release.  

[bookmark: _Toc481799312][bookmark: _Toc481799403][bookmark: _Toc481831199][bookmark: _Toc481833532][bookmark: _Toc481833677]One V2V and WAN concurrency test is introduced to verify V2V receiption has no impact on WAN receiption

Further, in D2D proximity communication concurrency test with WAN, only PDSCH performance is verified, and the D2D proximity communication performance is omitted. The main reason lies in the RAN1 agreements:

No standardized mechanism is defined for D2D communication and discovery to share the soft buffer already defined for cellular communications

Based on these agreements, the proximity communication performance may be based on best efforts. Thus, only WAN performance can be guarantee. However, in V2V, the separate soft buffer is defined. In RAN1#88 meeting, RAN1 define the SL soft buffer size. The total SL soft buffer size is 737280. Thus, when we define concurrency test, both WAN and SL V2V performance shall be verified simultaneously.  


[bookmark: _Toc481799313][bookmark: _Toc481799404][bookmark: _Toc481831200][bookmark: _Toc481833533][bookmark: _Toc481833678]The performance of WAN and the performance of PC5-based V2V shall be verified simultaneously. 

Setup PC5 and WAN concurrency test
Based on the discussion in section 4.1.2 and 4.2, we can have the setup as shown in Figure 5. In the test, one downlink component carrier, one uplink component carrier and one PC5 carrier is configured. In downlink component carrier, the MCS to achieve maximum throughout is configured. In PC5 carrier, the channel is also fully occupied. To berief, we can combine legacy SDR test with V2V single link or maximum processing capability test into one test. The setup is much simpler than D2D communication concurrency test. 

[image: ]
[bookmark: _Ref481799050]Figure 5: Test setup for V2V and WAN concurrency test

[bookmark: _Toc481799314][bookmark: _Toc481799405][bookmark: _Toc481831201][bookmark: _Toc481833534][bookmark: _Toc481833679]Combine WAN SDR test and V2V standalone SDR test into concurrency test

Conclusion
In this contribution, we provide our analysis about the V2X demodulate test. We have the following observations:
Observation 1	Proper SNR need to be set to reduce the decode probability for the first transmission to force UE to buffer the first 15 TBs in the soft buffer management test.
Observation 2	With proper setup, X can be fully verified and Y can be partially verified

And we have the following proposals:
[bookmark: _GoBack]Proposal 1	One and only one single link PSSCH test is introduced for the demodulation test when the synchronization source is eNB
Proposal 2	The time offset and frequency offset used in the standalone can be reused in the scenario wherein eNB is set as the synchronization source and the performance requirement defined for GNSS-based synchronization is reused in the test for eNB-based synchronization.
Proposal 3	One V2V and WAN concurrency test is introduced to verify V2V receiption has no impact on WAN receiption
Proposal 4	The performance of WAN and the performance of PC5-based V2V shall be verified simultaneously.
Proposal 5	Combine WAN SDR test and V2V standalone SDR test into concurrency test
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