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1. Introduction
The Rel-15 eV2X WI has the following objectives [1]:

	4.1
Objective of SI or Core part WI or Testing part WI

…. The detailed objectives of this work item are as follows:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]
3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 

4. A following decision for normative work is up to consensus at RAN.
5. Specify necessary RF requirements for the specified PC5 functionalities in Band 47, where not covered by the Rel-15 work item “V2X new band combinations for LTE”. [RAN4]

Note: RF requirements for new band combinations that are not covered by the Rel-15 work item “V2X new band combinations for LTE” will be introduced in a release-independent way from Rel-14 onwards.
6. Specify necessary RRM core requirements. [RAN4]

….

4.2
Objective of Performance part WI

Specify necessary performance requirements related to the above mentioned core parts, if needed.


In this paper we provide our view on introduction of UE demodulation requirements for Rel-15 eV2X.
2. Discussion
2.1 Rel-14 V2X UE demodulation requirements overview

In Rel-14 V2X WI scope a comprehensive set of UE demodulation requirements was introduced. The Rel-15 requirements shall be built on top of the existing requirements and the amount of additional tests cases should be minimize and respective applicability rules should be defined. In Table 1 we provide the list of UE demodulation requirements which were defined previously for V2X services.

Table 1. Rel-14 V2X requirements

	TS 36.101 test
	Test Description
	Test Purpose

	14.2
	Demodulation of PSSCH with GNSS based synchronization
	Verification of single link PSSCH RX under GNSS synchronization

	14.3
	Demodulation of PSCCH with GNSS based synchronization
	Verification of single link PSCCH RX under GNSS synchronization

	14.4
	Power imbalance performance with two links
	Verification of UEs capability to receive 2 PSSCH signals with large power imbalanced (AGC/ADC testing)

	14.5
	Demodulation of PSBCH
	Verification of single link PSBCH reception

	14.6
	Demodulation of PSSCH with eNB based synchronization
	Verification of single link PSSCH RX under eNB synchronization

	14.7
	PSSCH soft buffer test
	Verification of UE soft buffer implementation for PSSCH reception

	14.8
	PSCCH decoding capability test
	Verification of UE capability to process maximum number of PSSCH/PSCCH

	14.9
	Sustained downlink data rate with active sidelink
	Verification of UE soft buffer implementation for PSSCH reception under concurrent EUTRA operation. Verification of no mutual impacts for Uu and PC5 operation


2.2 Rel-15 eV2X UE demodulation requirements

For Rel-15 Enhancements on LTE-based V2X Services the following features we introduced from Layer-1 perspective:

· PSSCH demodulation enhancements

· Rate matching over the last symbol of sidelink subframe

· TBS scaling

· New MCS/TBS table entries (still pending RAN1 decision on specific entries)

· Support of 64QAM
· Carrier aggregation (up to 8 PC5 carriers)
· Enhanced synchronization for sidelink CA

· Sidelink carrier aggregation for transmission/reception

· Transparent transmit diversity scheme

· Up to RAN4 to conclude on how/whether it is defined
· Mode-3/Mode-4 pool sharing (SPS period indication in SCI by Mode-3 UEs)
· Resource selection latency reduction (configurable minimum resource selection window)
Below, we provide views on the associate UE demodulation requirements for the individual features.
2.3 Carrier aggregation
One of key features of Rel-15 V2X is support of carrier aggregation. So, the following tests potentially can be extended for CA scenarios: 
· PSSCH soft buffer test
· PSCCH decoding capability test
· Sustained downlink data rate with active sidelink. 
The Soft buffer and SDR tests requirements are tightly related to the UE category definition. For the CA case it is natural to extend the existing SL UE categories to support higher data rates [2]. Therefore, it is recommended to wait for the outcome of RAN1 decision on the applicable SL categories before defining the respective requirements.

In addition, it is expected that RAN1 should continue discussion on the PSCCH decoding capabilities for the CA case (e.g. keep same capabilities or further refine the capabilities). So, the in order to proceed with the test definition, it is recommended to wait for the outcome of RAN1 decision.
Proposal #1:
Define PSSCH soft buffer, PSCCH decoding capability and Sustained downlink data rate requirements for Rel-15 eV2X CA. Further discuss the test details once RAN1 finalizes the UE categories and UE feature list definition.
2.4 PDSCH enhancements

Rate matching and TBS scaling
For Rel-15 V2X new design of PSSCH transmission was defined which contains the following features: 

1) Rate matching of the last PSSCH symbol for each subframe instead of puncturing which is used for Rel-14 transmission
2) TBS scaling for MCS to TBS mapping. In Rel-14 original (from earlier release) UL MCS to TBS procedure is used, but this methodology were define under assumption of 2 DMRS symbols. Therefore, in Rel-15 new TBS calculation procedure were introduced to take into account impact of 4 DMRS symbols, rate matching of last symbol and also one symbol for AGC settling time.
Therefore, we suggest to define one PDSCH demodulation for Rel-15 V2X UE to verify correct receiver assumption on rate matching and TBS calculation procedure.
Proposal #2:
Define one additional PSSCH demodulation requirements with GNSS based synchronization to verify Rel-15 PSSCH rate matching and TBS scaling.

64QAM

The support of 64QAM transmission and reception was defined as an optional UE capability and update of MCS table design is under discussion in RAN1 [3]. We recommend to define one additional test for scenarios with GNSS based synchronization only to verify 64QAM operation. The test details can be discussed at a later stage once the RAN1 design details are finalized. 
Proposal #3:
Define one additional PSSCH demodulation requirements with GNSS based synchronization to verify use of 64QAM modulation for PSSCH.
2.5 Transparent transmit diversity
As a part of Rel-15 RAN1 introduced transparent transmit diversity scheme for V2X transmission (SD-CDD). In our companion paper [4] we provide more details about this technic and also illustrate initial simulation results. Based on these results we can conclude that SD-CDD provides rather limited performance benefits in comparison with single port transmission. Also, from receiver point of view SD-CDD does not require any specific processing. Therefore, we suggest to not define any UE performance requirements for scenarios with SD-CDD transmission.
Proposal #4:
Do not define UE performance requirements to verify transparent transmit diversity scheme feature.
2.6 Other features
Also, RAN1 defined multiple features which affect only transmitter side and don’t have any impact on receiver demodulation processing: Mode-3/Mode-4 pool sharing and Resource selection latency reduction. Therefore we suggest don’t define any performance requirements for these features.

Proposal #5:
Do not define any UE performance requirements for Mode-3/Mode-4 pool sharing and Resource selection latency reduction features.

3. Conclusions

In this paper we provided our view on Rel-15 eV2X performance requirements definition and made the following proposals:

Proposal #1:
Define PSSCH soft buffer, PSCCH decoding capability and Sustained downlink data rate requirements for Rel-15 eV2X CA. Further discuss the test details once RAN1 finalized the UE categories and UE feature list definition.

Proposal #2:
Define one additional PSSCH demodulation requirements with GNSS based synchronization for Rel-15 PSSCH design (rate matching and TBS scaling).

Proposal #3:
Define one additional PSSCH demodulation requirements with GNSS based synchronization for 64QAM modulation.
Proposal #4:
Do not define UE performance requirements to verify transparent transmit diversity scheme feature.
Proposal #5:
Do not define any UE performance requirements for Mode-3/Mode-4 pool sharing and Resource selection latency reduction features.
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