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1 Introduction

In RAN4#74BIS, performance requirement for D2D link and D2D-WAN concurrency were discussed, and WF [1] on D2D-WAN concurrency requirements was agreed.
In this contribution, we provide our views for test cases of D2D link demodulation performance and D2D-WAN concurrency requirement.
2 D2D link performance requirement
2.1 D2D Discovery 
To verify D2D discovery performance such as PSDCH, there are two scenarios can be considered: 
· Dis_S1 : Synchronization reference is serving cell

· Dis_S2 : Synchronization reference is SLSS

For Dis_S1, intra-cell and synchronous inter-cell D2D discovery performance can be represented, and for Dis_S2, asynchronous inter-cell D2D discovery performance can be applied. Therefore, two tests are considered:

Table 1 Test cases for D2D discovery scenario 
	
	TC1 (Dis_S1)
	TC2 (Dis_S2)

	Operating scenario
	Intra-cell/Sync inter-cell discovery
	Async inter-cell discovery

	test purpose / metric
	Verify PSDCH / Tput for PSDCH

	RRC state
	Idle

	# of sidelink
	1

	Retransmission
	0 HARQ

	propagation channel/Doppler
	EPA5 / EVA70

	FRC / PRB
	QPSK / 2PRBs

	timing offset
	[0 CP]
	[-w1 w1]

	frequency offset
	+/- 200Hz
	+/- 400Hz

	Sync Ref.
	serving cell
	SLSS


In Dis_S1, since Rx reference timing is serving cell, timing offset can be used by [0 CP]. For asynchronous inter-cell D2D discovery, since network provides w1 information to detect SLSS, [-w1 w1] can be considered. 
For soft buffer combining, based on RAN1 agreement (“No standardized mechanism is defined for D2D communication and discovery to share the soft buffer already defined for cellular communications”), this is UE implementation issue, and for minimum performance requirement in RAN4, no soft buffer combining should be considered.

To derive accurate PSDCH performance, idle state and single sidelink configuration should be assumed, and multiple sidelink handling capability can be covered by other test such as SDR test. 
· Proposal1: To verify PSDCH, two test cases could be considered according to Rx reference timing in Table 1.
2.2 D2D Communication
To verify D2D communication performance such as PSBCH, PSCCH, PSSCH, there are three scenarios can be considered: 

· Comm_S1 : Synchronization reference is serving cell

· Comm_S2 : Synchronization reference is SLSS for in-coverage 
· Comm_S3 : Synchronization reference is SLSS for out-of-coverage
Similar to D2D discovery, for Comm_S1, intra-cell and synchronous inter-cell D2D communication performance can be represented, and for Comm_S2, asynchronous inter-cell D2D communication performance can be applied.
Table 2 Test cases for D2D communication scenario
	
	TC3 (Comm_S1)
	TC4 (Comm_S2)
	TC5 (Comm_S3)

	Operating scenario
	Intra-cell/Sync inter-cell
	Intra-cell and async inter-cell
	OOC

	test purpose 
	Verify PSCCH and PSSCH
	Verify PSCCH, PSBCH, PSSCH
	Verify PSSCH

	Metric
	Tput for PSSCH /
BLER for PSCCH
	Tput for PSSCH /
BLER for PSBCH,PSCCH
	Tput for PSSCH

	RRC state
	C-DRX
	C-DRX
	Idle

	# of sidelink
	1
	2
	1

	Retransmission
	3 HARQ

	Soft buffer combining
	Soft buffer combining

	Channel BW
	5/10MHz

	propagation channel and Doppler
	EPA5 / EVA70

	FRC / PRB
	QPSK for PSCCH / 1 PRB,
QPSK for PSBCH / 6PRBs,
16QAM for PSSCH / full PRBs

	allocation in subframe
	
	different subframe
	

	timing offset
	[0 CP]
	[-20 20]msec for inter-cell
[0 CP] for intra-cell
	[-20 20]msec

	frequency offset
	+/- 200Hz
	+/- 400Hz for inter-cell
+/- 200Hz for intra-cell
	+/- 400Hz

	Sync Ref.
	serving cell
(No transmit SLSS/PSBCH)
	SLSS for inter-cell
and serving cell for intra-cell
	SLSS

	Communication mode
	Mode1 (TA > 0)
	Mode 2 (TA=0)


Since D2D Rx timing is different according to D2D communication modes, for efficient test, D2D communication mode 1 for in-coverage and D2D communication mode 2 for out-of-coverage can be considered. 
In Comm_S1, synchronization reference timing is serving cell, and no SLSS/PSBCH transmission can be assumed. Therefore, PSSCH and PSCCH sidelink channel can be verified. 

In Comm_S2, two sidelink to verify demodulation with dual synchronization reference can be considered as shown in Figure 1. eNB1 and eNB2 are asynchronous network, and D2D UE3 receives data from D2D UE 1 and 2 in different subframe.
For out-of-coverage, only communication mode 2 is supported, and timing offset can use [-20 20]msec based on SLSS period. Since PSBCH and PSCCH performance are covered by in-coverage case, only PSSCH performance could be verified. 
As mentioned above, soft combining is UE implementation issue. However, since soft combining has benefits for D2D performance, test cases with soft combining are needed. 
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Figure 1 Comm_S2 (TC4)
· Proposal2: To verify D2D communication sidelink channel performance, three test cases could be considered according to Rx reference timing and communication mode in Table 2.
2.3 Power imbalance test
Power imbalance test [2] is to verify in-channel selectivity and receiver dynamic range of D2D Rx UE. To observe effect of demodulation performance with power imbalance among sidelink, two sidelink configuration with symmetrical RB allocation in sides of bandwidth is worst case due IQ image term of in-band emission. 

Since handling timing and frequency offset is already verified by other test cases, zero timing and frequency offset could be considered in power imbalance test. 
Power imbalance level is assumed by 19dB as similar to CA power imbalance case. MCS level for the requirement should be selected by considering reasonable SNR range for D2D operation.
Table 3 Test case for power imbalance
	
	TC6

	Operating scenario
	Intra-cell communication 

	test purpose
	Verify in-channel selectivity and receiver dynamic range

	RRC state
	Idle

	# of sidelink
	2

	Retransmission
	0 HARQ

	channel BW
	5MHz

	propagation channel/Doppler
	Static channel

	FRC / PRB
	16QAM for PSSCH / 2 PRBs
(MCS14 or 20)

	allocation in subframe
	same

	resource pool
	common pool

	timing offset
	0

	frequency offset
	0

	Sync Ref.
	Serving cell

	Power imbalance level
	[19] dB


· Proposal3: To verify in-channel selectivity and receiver dynamic range, two sidelink with 19dB power imbalance in static channel without time and frequency offset should be considered in Table 3.

· Proposal4: MCS level for the requirement should be selected by considering reasonable SNR range for D2D operation.

2.4 Maximum sidelink process 
Capability with multiple D2D sources is as follows:
· For D2D communication, The maximum number of Sidelink processes that a D2D UE is expected to handle is 16
· For D2D discovery, The maximum number of Sidelink processes that a D2D UE is expected to handle is a UE capability which is one of {50, 400}
To verify maximum sidelink process and maximum data rate, two test cases can be considered in Table 4, and for minimum performance requirement in RAN4, soft combining should be excluded.
Table 4 Test cases for maximum sidelink process
	
	TC7
	TC8

	Operating scenario
	Intra-cell Discovery
	Intra-cell communication

	test purpose
	Verify maximum sidelink process and maximum data rate

	RRC state
	Idle
	Idle

	# of sidelink
	50/400
	16

	Retransmission
	1 HARQ
	3 HARQ

	Soft buffer combining
	No soft buffer combining

	channel BW
	5 MHz

	propagation channel/Doppler
	Static channel

	FRC
	QPSK
	16QAM for PSSCH


· Proposal5: To maximum sidelink process and maximum data rate, two test cases for discovery and communication should be considered in Table 4.

3 WAN link performance with D2D
To verify no impacts on the WAN demodulation performance with D2D-WAN concurrency, following tests are covered:
· Verify no impacts on the downlink demodulation performance.
· In case of concurrent reception of WAN and D2D communication
· (FFS) In case of concurrent reception of WAN and D2D discovery
· Verify uplink transmission prioritization over D2D transmission and reception.
· Verify the downlink reception prioritization over D2D reception
For WAN downlink reception and uplink transmission prioritization,

· For discovery scenario, following RRM interruption test [3] can be covered. 
· No.5.: To verify WAN interruption due to discovery in connected in FDD
· For communication scenario,

· RRM session is still discussed whether interruption test is defined or not

· Demodulation test case could be considered when RRM interruption test case is not defined.
In case of concurrent reception of WAN and D2D communication, the part of impact on WAN demodulation performance is related soft buffer management between WAN and D2D. Current soft buffer size is defined based on 20MHz bandwidth, and considering D2D channel bandwidth is defined by 5 and 10MHz. Therefore, it is difficult to observe impact on WAN demodulation performance by soft buffer management in concurrent reception of WAN and D2D. This test case is FFS.
· Proposal6: For WAN downlink reception and uplink transmission prioritization in discovery scenario, RRM interruption tests can be covered.
· Proposal7: To verify impact of WAN demodulation performance for soft buffer management in concurrent reception of WAN and D2D communication is FFS.

4 Conclusion 
In this contribution, we provide our views for test cases of D2D link demodulation performance and D2D-WAN concurrency requirement. 

For D2D sidelink channel performance requirement,

· Proposal1: To verify PSDCH, two test cases could be considered according to Rx reference timing in Table 1.

· Proposal2: To verify D2D communication sidelink channel performance, three test cases could be considered according to Rx reference timing and communication mode in Table 2.
· Proposal3: To verify in-channel selectivity and receiver dynamic range, two sidelink with 19dB power imbalance in static channel without time and frequency offset should be considered in Table 3.

· Proposal4: MCS level for the requirement should be selected by considering reasonable SNR range for D2D operation.

· Proposal5: To maximum sidelink process and maximum data rate, two test cases for discovery and communication should be considered in Table 4.

For WAN-D2D concurrency requirement,

· Proposal6: For WAN downlink reception and uplink transmission prioritization in discovery scenario, RRM interruption tests can be covered.

· Proposal7: To verify impact of WAN demodulation performance for soft buffer management in concurrent reception of WAN and D2D communication is FFS.
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