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1. Introduction

In the previous RAN4 meetings, initial agreements on the D2D demodulation tests scope were reached in [1]:

· Consider demodulation performance requirements for D2D channels
· Discovery
· PSDCH
· Communications
· PSSCH
· PSCCH
· PSBCH
· Further discuss the maximum number of independently tested links for D2D demodulation tests.
· Further discuss procedure to enable testing of D2D demodulation performance.
In the last meeting a further general agreements were reached in [2] which can be summarized as:
· Introduce test cases to verify BLER-SNR performance in fading channels for PSDCH, PSSCH, PSCCH, and PSBCH
In this contribution we share our further views on the D2D Discovery and Communication performance requirements.
2. Discussion
2.1 Test purposes
The following test purposes should be considered for the D2D Discovery and D2D Communication demodulation requirements.
1. Verification of the PSDCH, PSCCH, PSSCH, and PSBCH demodulation performance

In this test purpose we consider verification of the PSDCH, PSSCH, PSCCH, and PSBCH BLER vs. SNR performance in different propagation conditions and deployment scenarios. The tests can be conducted under an assumption of single link D2D transmissions (i.e. no concurrent reception of multiple D2D signals) to check that UE is able to perform key D2D functions without overcomplicating the test cases. In particular, basic D2D receiver functionality including physical structure (PUSCH structure, 1 symbol gap, RE mapping, hopping, receive signal soft-combining, resource allocation, etc) can be tested.
2. Verification of peak D2D discovery and communication capabilities (maximum data peak rate and maximum number of sidelink processes)

For both D2D Discovery and D2D Communication UE is expected to support a certain set of peak processing capabilities including the maximum number of simultaneously supported Sidelink processes and transport block bits received in a TTI. The RAN4 UE demodulation requirements need to be specified to check UE compliance to the maximum D2D capabilities.

3. Verification of UE capabilities to receive multiple D2D signals from different sources.


For D2D Communication and especially for the D2D Discovery, UE is expected to be able to receive multiple D2D signals from different sources in same or different TTIs. The received signals may have different characteristics in terms of the receive power levels, time/frequency offsets, propagation channels, etc. Dedicated test cases for the verification of the respective functionality are needed.

Proposal #1: The D2D demodulation test purposes are as follows:

1. Verification of single link PSDCH, PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions
2. Verification of peak PSDCH and PSSCH demodulation capabilities (SDR tests).
3. Verification of UE capabilities to simultaneously receive multiple PSDCH, PSCCH and PSSCH signals from different sources.

2.2 D2D operation scenarios

The D2D Discovery and Communication features were designed to support operation in a variety of different deployment scenarios. Below, we provide the description of the target D2D scenarios from the network coverage perspective. In the companion paper [3] we provide further discussion on the UE synchronization assumptions as well as time/frequency offset models to be used for the particular scenarios.
Table 1. D2D operation scenarios

	Scenario
	Description
	D2D Capabilities
	D2D TX SYNCH
	D2D RX SYNCH

	In coverage, intra-cell
	Both D2D TX/RX nodes are located in network coverage and associated with same cell
	D2D Discovery (Type 1/2) with and without SLSS

D2D Communication (Mode 1/2) 
	WAN-based synchronization
	WAN-based synchronization

	In coverage, inter-cell

(synchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different synchronous cells
	D2D Discovery (Type 1/2) with and without SLSS

D2D Communication (Mode 1/2)
	WAN-based synchronization
	WAN-based synchronization

	In coverage, inter-cell

(asynchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different time domain asynchronous cells
	D2D Discovery (Type 1/2) with SLSS

D2D Communication (Mode 1/2)
	WAN-based synchronization
	WAN for frequency synchronization

Discovery: SLSS for timing acquisition

Communication: WAN and/or SLSS for timing acquisition

	Partial coverage (In => Out)
	D2D TX node is located in network coverage and D2D RX node is located out of network coverage
	D2D communication (Mode 1/2) 
	WAN-based synchronization
	SLSS for timing and frequency acquisition

	Partial coverage (Out => In)
	D2D TX node is located out of network coverage and D2D RX node is located in network coverage
	D2D communication Mode 2
	SLSS for timing/frequency acquisition
	WAN for frequency synchronization
SLSS for timing acquisition

	Out of coverage
	Both D2D TX/RX nodes are located out of network coverage.
	D2D communication Mode 2
	
	SLSS for timing and frequency acquisition


The demodulation test cases need to ensure sufficient coverage of the D2D operation scenarios. Meantime, the number of test cases should be kept at reasonable level and some prioritization may be needed. In our view, for D2D discovery all in coverage scenarios can be considered, for the D2D communication the priority should be given to the in coverage intra-cell and synchronous inter-cell as well as OOC scenarios.
2.3 Single-link test cases

The single-link test cases should be considered for the verification of the PSDCH, PSSCH, PSCCH, and PSBCH BLER vs. SNR performance in the fading propagation conditions and in different D2D operation scenarios. The tests can be conducted under an assumption of single link D2D transmissions (i.e. no concurrent reception of multiple D2D signals) to check that UE is able to perform key D2D functions without overcomplicating the test cases. In particular, basic D2D receiver functionality including physical structure (PUSCH structure, 1 symbol gap, RE mapping, hopping, receive signal soft-combining, resource allocation, etc) can be tested. The following general principles and parameters are suggested to be adopted for the test cases:

· 1x2 antenna configuration with low correlation 

· Fading channel models (EPA/EVA/ETU). Doppler fading is FFS.
· Single D2D transmitter and receiver
· D2D RX UE is configured in the RRC_IDLE or RRC_CONNECTED DRX states

· SNR @ X% BLER is used as the performance metrics

· Practical signal time/frequency offsets are used specific for different D2D operation scenarios [3]

· D2D Discovery
· The test cases are defined for both Discovery Type 1 and Type 2B.

· The test cases are defined for the intra-cell, inter-cell synchronous and asynchronous in-coverage scenarios. The inter-cell asynchronous test setup is applied for the UEs supporting SLSS only.
· Test cases are defined for both FDD and TDD

· At least 5 MHz test cases should be introduced. Whether 10 MHz test cases are needed is FFS.
· The requirements are defined under assumption that UE applies PSDCH soft-combining
· D2D Communication

· The test cases should be defined for FDD only, since currently there are no TDD bands for the D2D communication. 
· Both Communication Mode 1 and Mode 2 are tested.

· Both 5 MHz and 10MHz tests  need to be defined to cover different possible D2D communication bands

· PSSCH
· The test cases should cover at least in coverage intra-cell and synchronous inter-cell scenarios and also out of coverage scenarios. Other scenarios are FFS.
· The test cases should be defined for both QPSK and 16QAM transmissions. 
· Non-full BW resource allocation should be used to test frequency hopping functionality.
· The requirements are defined under assumption that UE applies PSSCH soft-combining
· PSCCH
· The performance may be tested for one scenario only (e.g. in-coverage intra-cell). For other scenarios the performance would be implicitly tested via PSSCH test cases

· Transmission parameters are based on the specification
· The requirements are defined under assumption that UE applies PSCCH soft-combining
· PSBCH
· The PSBCH is intended for the support of the OOC communication and hence should be tested in the corresponding conditions.
· Transmission parameters are based on the specification
The summary of the proposed test scenarios is provided in the Table 2.
Table 2. Single-link D2D demodulation test cases summary

	#
	Channel
	Scenario
	TX parameters
	Comments

	1
	PSDCH 
	In-coverage intra-cell
	Based on specification

(QPSK, 2 PRB, 232 bits)
	Discovery Type 2B
5 MHz

	2
	PSDCH 
	In-coverage inter-cell synchronous
	Based on specification

(QPSK, 2 PRB, 232 bits)
	Discovery Type 1

5 MHz

	3
	PSDCH 
	In-coverage inter-cell asynchronous
	Based on specification

(QPSK, 2 PRB, 232 bits)
	Discovery Type 1 or 2B
For UEs supporting SLSS

5 MHz

	4
	PSSCH 
	In-coverage intra-cell
	16QAM CR 1/2
10 PRB pairs
	Communication Mode 1
5 and 10 MHz

	5
	PSSCH 
	In-coverage inter-cell synchronous
	QPSK CR 1/3
10 PRB pairs
	Communication Mode 2

5 and 10 MHz

	6
	PSSCH 
	OOC
	QPSK CR 1/3
10 PRB pairs
	Communication Mode 2

5 and 10 MHz

	7
	PSCCH 
	In-coverage intra-cell
	Based on specification

SCI format 0
	5 and 10 MHz

	9
	PSBCH 
	OOC
	Based on specification
	5 and 10 MHz


Proposal #2: Introduce the D2D demodulation test cases in Table 2.
2.4 D2D SDR test cases

The following RAN1 agreements on the UE D2D receiver capabilities were reached:

· For D2D communication, from a receiving D2D UE perspective,

· The maximum number of Sidelink processes that a D2D UE is expected to handle is 16

· The maximum number of Sidelink transport block bits received within a TTI is set to 25456

· The maximum number of bits of a single Sidelink transport block is 25456

· PSCCH and PSBCH are not included 

· For D2D discovery, from a receiving D2D UE perspective, 

· The maximum number of Sidelink processes that a D2D UE is expected to handle is a UE capability which is one of {50, 400}

· The maximum number of transport block bits received within a TTI is set to 50*232

· The maximum number of bits of a single Sidelink transport block is 232 bits.
For the verification of the maximum D2D discovery and communication peak capabilities verification (Test purpose 3) it is desirable to verify that UE can handle reception of the maximum number of different Sidelink processes corresponding to different D2D transmitters, each operating with the maximum possible TBS. The following parameters are suggested:
· Static propagation conditions

· Either high SNR or noise-free setup is considered

· No time/frequency offsets between the received D2D signals

· All received signals have same receive power (i.e. no power imbalance)

· D2D Discovery

· SDR test cases are defined for 5/10/15/20 MHz BW

· Separate test cases are defined for UEs supporting 50 and 400 SL processes 

· Number of D2D Discovery retransmissions is 3.
· The test setup is configured in a way that UE needs to receive maximum possible number of PSDCH signals in one TTI (i.e. 50 for 20 MHz BW)

· The D2D Discovery resource allocation patters proposed in [4] can be used
· Performance metrics is X % of successful PDCCH decodings

· D2D communication 

· D2D test cases are defined for 5/10 MHz BW

· One D2D communication resource pool is configured

· 16 sidelink transmit processes are configured to be received on the consecutive pool TTIs

· Each PSSCH transmission occupies full BW and has maximum possible TBS

· 5 MHz: 25 PRBs and 18336 TBS

· 10 MHz: 50 PRBs and 25456 TBS
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Figure 1. PSSCH SDR test setup
2.5 Multiple-link test cases

For D2D Communication and especially for the D2D Discovery UE is expected to be able to receive multiple D2D signals from different sources in same or different TTIs. The received signals may have different characteristics in terms of the receive power levels, time/frequency offsets, propagation channels, etc. Therefore dedicated test cases for the verification of the respective functionality are needed. 
Power imbalance test case (in-channel selectivity)
The in-channel selectivity power imbalance test case was proposed in [4]. The purpose of the test case is to define the requirements in terms of maximum allowable power imbalance between the links. In particular such test can be used to check UEs AGC implementation and check UE ability to receive a wanted D2D signal in the presence of another D2D signal received at a larger power spectral density. The performance requirements can be defined for the lower power signal only. The power imbalance of ~20 dB between the links can be considered. The tests should be defined for both D2D Discovery and D2D Communication. No time/frequency offsets and static propagation conditions can be considered in order to focus on the verification of the AGC verification rather than other effects.

Simultaneous signal reception test case

The purpose of the test is to check UE’s capability to receive several D2D Discovery and Communication signals in one TTI under assumption of practical time/frequency offsets, power imbalance conditions and for the fading propagation conditions. The test would we able to verify AGC dynamic in time and also correct implementation of the time/frequency offset compensation in the presence of different D2D receive signals. The test case needs to capture UEs capability to handle mismatched receive signal characteristics inside one TTI and also between different TTIs.
2.6 Other simulation assumptions
D2D/WAN Concurrency

For D2D discovery it was agreed that “the UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED or second RX chain if it is available, for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring”. Meantime, it was also decided that there is no dedicated UE capability signaling to inform on the availability of the dedicated RX chain that can be used for the Discovery operation. So, in case the test is defined for the case of the concurrent WAN and D2D operation, some UEs would be able to pass it and some not depending on the implementation. To avoid such situations, it is suggested to define D2D Discovery test cases for the DRX occasions in RRC_IDLE and RRC_CONNECTED without any concurrency with WAN operation.

In addition, for both D2D Discovery and Communication the current RAN1/RAN2 agreements do not preclude shared DL and D2D soft-buffer implementations, and therefore the D2D demodulation performance cannot be guaranteed in case of concurrent WAN and D2D operation. Furthermore, the WAN operation is prioritized over D2D. For instance, in case of concurrent PDSCH and D2D reception, UE may need to send HARQ feedback in UL and hence interrupt the D2D reception. In this case the D2D demodulation performance would degrade due to test setup issues rather than wrong UE implementation. In order to avoid such interruptions it is suggested to define D2D communication test cases in way to preclude any concurrency with WAN related procedures.
A feasible D2D/WAN concurrency test setup for both IDLE and C-DRX states was proposed in [5] and can be used as the basis for the test cases definition.
Proposal #3: D2D demodulation requirements are defined under assumption of no D2D/WAN operation concurrency (i.e. RRC_IDLE or RRC_CONNECTED DRX state).

TX EVM

The 10% UE transmit EVM can be used for the purpose of demodulation requirements definition.

Proposal #4: D2D UE TX EVM = 10%

CP
Normal CP should be considered for all D2D test cases.
Proposal #5: Normal CP is used to define D2D demodulation requirements.
AGC settling time

For the demodulation requirements definition it can be assumed that UE skips processing of the initial OFDM symbol(s) of each TTI due to AGC settling effects. Previously the RAN4 WG has reached the following agreements on the AGC settling time for D2D communication and discovery [5]:

· An LTE UE employing an AGC implementation based on energy estimation can settle within one LTE symbol (up to 70us). Note that RAN4 has not made any assumption on the baseline AGC type. Furthermore based on UE implementation, additional AGC settling time (e.g., 2-3 symbols overall) may be required for higher order modulation to achieve acceptable accuracy. However the impact to demodulation performance may or may-not be significant.

For the purpose of the demodulation requirements definition a single OFDM symbol AGC settling time can be assumed for the QPSK modulation transmissions. For the 16QAM transmissions 3 OFDM symbols can be applied.

Proposal #6: AGC settling time of one and three OFDM symbol per TTI is assumed for QPSK and 16QAM transmissions, respectively.
Soft combining

Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions. The D2D demodulation tests should aim to verify that UE has appropriate implementation of the soft combining functionality. Meantime, based on the RAN1 agreements the PDSCH reception may be prioritized over D2D reception and under certain conditions UE may omit soft combining in favor of DL reception. To verify proper soft-combining implementation no concurrent WAN/D2D operation should be assumed.

Proposal #7: D2D tests should enable verification of the soft-combining implementation for both D2D Discovery and Communication.

Channel estimation

D2D potentially allows using channel estimation combining over multiple TTIs. In our view such implementations should not be mandated. The minimum performance requirements need to be defined under an assumption of a single shot per-TTI measurements.

Proposal #8: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.

3. Conclusions

In this contribution, we have shared our views on the D2D demodulation requirements scope, tests purposes and parameters. In summary, we make the following proposals:

Proposal #1: The D2D demodulation test purposes are as follows:

1. Verification of single link PSDCH, PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions
2. Verification of peak PSDCH and PSSCH demodulation capabilities (SDR tests).
3. Verification of UE capabilities to simultaneously receive multiple PSDCH, PSCCH and PSSCH signals from different sources.

Proposal #2: Introduce the D2D demodulation test cases in Table 2.

Proposal #3: D2D demodulation requirements are defined under assumption of no D2D/WAN operation concurrency (i.e. RRC_IDLE or RRC_CONNECTED DRX state).

Proposal #4: D2D UE TX EVM = 10%

Proposal #5: Normal CP is used to define D2D demodulation requirements.
Proposal #6: AGC settling time of one and three OFDM symbol per TTI is assumed for QPSK and 16QAM transmissions, respectively.

Proposal #7: D2D tests should enable verification of the soft-combining implementation for both D2D Discovery and Communication.

Proposal #8: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.
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