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1 Introduction

In RAN4#73, WF [1] on D2D demodulation test scope and work plan was agreed, and the proposed scope of demodulation performance tests is as follows:
· Proposal 1: Consider demodulation performance requirements for D2D channels
· Discovery
· PSDCH
· Communications
· PSSCH
· PSCCH
· PSBCH
· PDCCH DCI Format 5 (FFS)
· Proposal 2: Consider to introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery. Consider to introduce performance test(s) to verify WAN performance in case of D2D communication (when further RAN1 agreements are reached).
· Proposal 3: Do not define new BS UL demodulation requirements in case of D2D operation.
· Proposal 4: Further discuss the maximum number of independently tested links for D2D demodulation tests.
· Proposal 5: Further discuss procedure to enable testing of D2D demodulation performance.
In this contribution, we provide our views for D2D demodulation performance requirement test and test methodology.
2 Discussion
2.1 Test methodology
Unlike general WAN UE demodulation test, since D2D does not have feedback channel (Ack/Nack), new test methodology should be considered. One possible method is to apply the test loop mode C using MBMS test which provides counting number of successfully received packets in TS36.509 [2]. Alternatively, new test loop mode for D2D UE conformance test could be defined by RAN5 or reused test loop mode A/B. 
· UE test loop function 

· UE test loop mode A provides loopback of PDCP SDUs for bi-directional data radio bearers while UE is operating in E-UTRA mode.
· UE test loop mode B provides loopback of PDCP SDUs (E-UTRA and UTRA), SNDCP PDUs (GSM/GPRS) and RLP PDUs (CDMA2000) for bi-directional EPS bearers while UE is operated in E-UTRA, UTRA, GSM/GPRS or CDMA2000 modes.
· UE test loop mode C provides counting of successfully received MBMS Packets on a given MTCH while UE is operating in E-MBMS/E-UTRA mode.
Under assumption using test loop mode for D2D conformance test, D2D UE demodulation performance can be tested in RAN4. 
2.2 Demodulation performance 
Table 1 is D2D UE feature list for discovery and communication. D2D UE demodulation performance for D2D UE features should be verified. 
Table 1 D2D UE feature list
	WI
	#
	Feature group
	Components

	4. ProSe
	4-1
	Discovery without D2DSS
	1) Support Type 1 and Type 2 discovery transmission/reception
2) Support 50 or 400 Sidelink Processes

	
	4-2
	Discovery with D2DSS
	1) Support Type 1 and Type 2 discovery transmission/reception
2) Support D2DSS transmission and reception
3) Support 50 or 400 Sidelink Processes

	
	4-3
	Communication
	1) Support Mode 1 and Mode 2 communication transmission/reception
2) Support PD2DSCH transmission and reception
3) Support D2DSS transmission and reception


2.2.1 RRC state

For D2D discovery, difference between feature group 4-1 and 4-2 is whether the D2DSS is transmitted or not. There might be no performance difference between these feature groups from demodulation performance requirement point of view, so one of feature 4-1 and 4-2 can be used for D2D discovery performance test. And since D2D discovery UE cannot receive WAN and D2D signal simultaneously due to sharing RF chain between them, performance to verify PSDCH for D2D discovery should be considered under RRC_IDLE state not to impact WAN performance. 
For D2D communication as feature group 4-3, PSSCH, PSBCH, and PSCCH should be verified for demodulation performance requirement. Since a D2D UE always operates WAN Tx/Rx function with high priority than D2D, D2D performance requirement should be completely excluded from WAN impact. Therefore, PSSCH, PSBCH, and PSCCH for D2D communication should be defined under RRC_IDLE state. 
· Proposal 1: D2D discovery and communication performance requirement should be defined in RRC_IDLE state. 

2.2.2 Time/frequency offset

D2D UE should be able to estimate and compensate time and frequency offset for demodulation performance. If in-coverage D2D is considered, +0.1ppm frequency error can be introduced in each device. With 2GHz carrier frequency, maximum frequency offset between D2D Tx and Rx UEs can be up to 400Hz. Therefore, D2D UE should be able to compensate 400Hz frequency offset. Using normal CP, the timing offset can be half CP, i.e. 80Ts, to incorporate the worst case performance. 
· Proposal 2: Fro D2D UE performance requirement, time and frequency offset should be considered up to 80Ts and 400Hz, respectively. 

2.2.3 SDR test
Maximum supportable sidelink processes and transport block size are defined by D2D capability for discovery and communication as follows:

	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

· It is RAN1’s understanding that a single FFT per carrier can be used to receive these Sidelink processes (note that this does not imply anything about whether the UE is expected to receive on more than one carrier simultaneously)

· 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

· SA and PD2DSCH 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}
· It is RAN1’s understanding that a single FFT per carrier can be used to receive these Sidelink processes (note that this does not imply anything about whether the UE is expected to receive on more than one carrier simultaneously)

· 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.


Based on above capability, D2D UE should be able to handle maximum data rate for discovery and communication. For the number of sidelink processes, it needs further discussion considering TE complexity.
· Proposal 3: D2D SDR test can be considered to verify maximum date rate, and further discussion is required for the number of sidelink processes considering TE complexity.

2.2.4 D2D Tx rule

D2D UE transmits data under scheduled resource by network (Mode 1 or Type 2) or preconfigured resource pool (Mode 2 or Type 1). When network allocates specific resource block for D2D Tx, D2D UE should transmit data using the scheduled resource block. If D2D UE is not following the network scheduled information, D2D UE demodulation performance cannot be guaranteed. Therefore, apart from UE Rx demodulation performance test, D2D Tx rule can be considered to test whether D2D UE transmits data using correct resource block according to network scheduling or not.

· Proposal 4: D2D Tx rule test for correct resource usage by network scheduling can be considered.

2.2.5 D2D test case

Based on above discussion, D2D UE demodulation requirement test can be considered in Table 2.
Table 2 Possible D2D Test cases
	TC
	Scenario
	Test purpose
	Coverage
	RRC state
	Time/Frequency offset
	sidelink processes
	channel

	1
	Discovery
	PSDCH
	In-coverage
	RRC_IDLE
	80Ts, 400 Hz
	one D2D source
	EPA5 or EVA70

	2
	Communication
	PSSCH
	In-coverage
	
	
	
	

	3
	
	PSBCH
	out-of-coverage
	
	
	
	

	4
	
	PSCCH
	In-coverage
	
	
	
	

	5
	SDR
	handling max data rate
	In-coverage
	
	
	N sidelink processes
	AWGN

	6
	Tx rule
	D2D Tx allocation
	
	RRC_CONNECTED
	
	
	


Based on D2D test loop mode, TC#1 and TC#2 can be tested with throughput metric similar to WAN demodulation requirement. 
For TC#3 and TC#4, since PSBCH/PSCCH and PSSCH are transmitted at different subframe, different SNR can be configured as show in Figure 1. If SNR for PSSCH is set high so that PSSCH is always decodable, PSCCH and PSBCH performance can be indirectly tested using alternative metric such as by PSSCH throughput or BLER performance.
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Figure 1 PSCCH and PSBCH test methodology
· Proposal 5: To verify PSCCH and PSBCH performance, different SNR configuration between PSCCH/PSBCH and PSSSCH could be considered.
TC6 can be verified by Tx EVM test, and test methodology as follows:
· Different resource blocks allocation for D2D transmission to D2D discovery/communication UE in specific subframe period

· D2D UE transmit data using assigned resource block under assumption that D2D UE has always uplink data

· Measure and check EVM in assigned resource block in receiver side

This test should be considered for correct D2D UE Tx behavior. However, one concern is that Tx EVM test is RF core work, and D2D RF core was closed. For this issue, RAN4 needs further discussion whether Tx EVM test can be included in demodulation performance part or not.
· Proposal 6: RAN4 needs further discussion on the testability of D2D Tx rule using Tx EVM test in demodulation part.
3 Conclusion 
In this contribution, we provide our views on D2D demodulation performance test and test methodology. Based on our views, we propose
· Proposal 1: D2D discovery and communication performance requirement should be defined in RRC_IDLE state.
· Proposal 2: Fro D2D UE performance requirement, time and frequency offset should be considered up to 80Ts and 400Hz, respectively.
· Proposal 3: D2D SDR test can be considered to verify maximum date rate, and further discussion is required for the number of sidelink processes considering TE complexity.

· Proposal 4: D2D Tx rule test for correct resource usage by network scheduling can be considered.

· Proposal 5: To verify PSCCH and PSBCH performance, different SNR configuration between PSCCH/PSBCH and PSSSCH could be considered.

· Proposal 6: RAN4 needs further discussion on the testability of D2D Tx rule using Tx EVM test in demodulation part.
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