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1. Introduction
According to the time budget of approved work item “3GPP V2X Phase 2” [1] in RAN#75 meeting, RAN4 should finalize eV2X performance part in Dec 2018. In this contribution, we make some analysis and share our views on eV2X demodulation performance requirements. 
2. Discussion
2.1 Rel-14 V2X demodulation tests

In Rel-14, the following V2X demodulation test cases have been specified:
· Demodulation of PSSCH
· Demodulation of PSCCH
· Power imbalance performance with two links
· Demodulation of PSBCH
· Demodulation of PSSCH with eNB based synchronization
· Soft buffer test 
· PSCCH/PSSCH decoding capability test
· Sustained downlink data rate with active sidelink
2.2 Rel-15 eV2X enhancements
Compared to Rel-14 V2X, the following enhancements in Rel-15 eV2X have been introduced in RAN1:
· Carrier aggregation
· 64QAM, rate matching and TBS scaling

· Transparent transmit diversity scheme (small delay CDD)
· Radio resource pool sharing between mode 3/ 4 UEs
In the following part, we make some analysis on enhancements relevant to RAN4 demodulation and share our views.
2.3 64QAM

In Rel-14 V2X, only QPSK and 16QAM are supported for UE.  In order to introduce 64QAM for eV2X UE, a modified MCS table is introduced, the following new ITBS entries are introduced for IMCS > 28.
	IMCS
	ITBS

	…
	…

	29
	30

	30
	31

	31
	33


According to RAN1’s conclusion, 64QAM is a mandatory feature on UE Rx side and an optional feature on UE Tx side. In Rel-14 V2X, two PSSCH test cases with GNSS based synchronization have been defined, one is for QPSK and the other one is for 16QAM. 
In order to verify the performance of 64QAM, we propose to define one PSSCH test with GNSS synchronization.
Proposal 1: Define one PSSCH test case with GNSS based synchronization to verify 64QAM.
2.4 Rate matching and TBS scaling

In Rel-15 eV2X, the following agreements on rate matching and TBS scaling were reached in RAN1:
	Agreement:

· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.

· Rate-matching is applied for all MCSs

· Use of Rel-15 format is signaled in the SCI (FFS signaling details)

Note: When a Rel-15 UE transmits a message that needs to be received by Rel-14 UEs, it shall use the Rel-14 format.
Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used.  Puncturing is always applied when the Rel-14 MCS table is used.
Agreement: TBS scaling factor value is equal to 
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Agreement:

The following working assumption is confirmed.

· Scaling factor is applied to the number of PRBs derived from SCI

· Actual TBS value is derived by using scaled number of PRBs defined by the following equation
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is the original total number of allocated PRBs according to 7.1.6 from 3GPP 36.213 LTE R14.

· No new TBS values are introduced.


Rate matching and TBS scaling are basic and important designs for Rel-15 eV2X UE.  It was agreed in RAN1 that rate matching is applied for all MCS. It means that for Rel-14 V2X UE and Rel-15 eV2X UE, even the same MCS level and RB configuration are adopted, the corresponding TBS and demodulation performance will be quite different. From this point of view, the performance with rate matching and TBS scaling should be verified for all supported modulation schemes by Rel-15 eV2X UE, namely, QPSK, 16QAM and 64QAM.
Proposal 2: Rate matching and TBS scaling should be verified for QPSK, 16QAM and 64QAM.
In Rel-14, the following two PSSCH test cases with GNSS synchronization have been specified for QPSK and 16QAM:
· PSSCH 10MHz MCS4 EVA2700 3RB
· PSSCH 20MHz MCS13 EVA180 8RB

In order to verify the correct operation on eV2X UE receiver side and compare the performance between V2X UE and eV2X UE, we propose to consider the above two PSSCH test cases for Rel-15 eV2X UE.
Proposal 3: Specify the following two PSSCH tests with GNSS synchronization for Rel-15 eV2X UE:
· PSSCH 10MHz MCS4 EVA2700 3RB

· PSSCH 20MHz MCS13 EVA180 8RB
2.5 Transparent transmit diversity scheme
The transparent transmit diversity scheme introduced for Rel-15 eV2X is small delay CDD (SD-CDD). In RAN1#93 meeting, it was agreed that transmit diversity is not specified in RAN1 specifications and it is up to RAN4 to discuss and/or specify any performance related requirements.  For Rel-15 eV2X UE receiver, no specific processing is needed for SD-CDD. And it can be seen that the performance gain obtained by SD-CDD than that of single port transmission is limited in our companion paper [2].  In our view, it is not necessary to introduce eV2X UE performance requirement for transmit diversity. 
Proposal 4: Do not introduce eV2X UE performance requirement for transmit diversity.
2.6  CA and UE category
Carrier aggregation (CA) is new feature introduced for Rel-15 eV2X UE. Some new UE categories are introduced for eV2X UE due to the new features, such as CA and 64QAM. The following Rx parameters are supported by eV2X UE:
· RX Parameters

	UE SL-C-RX Category
	Maximum number of SL-SCH transport block bits received within a TTI 
	Maximum number of bits of a SL-SCH transport block received within a TTI
	Total number of soft channel bits
	Comments

	SL-C-RX Category 1
	25456
	25456
	
	

	SL-C-RX Category 2
	31704
	31704
	737280
	20MHz aggregated BW 16QAM

	SL-C-RX Category 3
	48936
	48936
	995328
	20MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz and 20MHz)

	SL-C-RX Category 4
	24496 + 24496 + 24496 = 73488
	48936
	1492992
	30MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)


In the above table, SL-C-RX Category 3 and 4 are the new categories introduced for Rel-15 eV2X UE.  It can be seen that the maximum transport block bits received within a TTI and the total soft buffer are quite different with that of Rel-14 V2X UE.  In Rel-14, soft buffer test is introduced to verify the maximum number of bits per TTI supported by the V2X UE.  New soft buffer test should be specified for Rel-15 eV2X UE.  
Proposal 5: New soft buffer test should be specified for Rel-15 eV2X UE.
In Rel-14, only single carrier is supported by V2X, so the SDR test only consider single CC configuration. However, CA is introduced for Rel-15 eV2X UE, so additional CC configurations should be considered in SDR test.
3. Conclusion
In this contribution, we make some analysis and share our views on eV2X demodulation performance requirements.  Specifically, we have the following proposals:
Proposal 1: Define one PSSCH test case with GNSS based synchronization to verify 64QAM.

Proposal 2: Rate matching and TBS scaling should be verified for QPSK, 16QAM and 64QAM.
Proposal 3: Specify the following two PSSCH tests with GNSS synchronization for Rel-15 eV2X UE:

· PSSCH 10MHz MCS4 EVA2700 3RB

· PSSCH 20MHz MCS13 EVA180 8RB
Proposal 4: Do not introduce eV2X UE performance requirement for transmit diversity.

Proposal 5: New soft buffer test should be specified for Rel-15 eV2X UE.
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