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1. Introduction

In the last RAN4 meeting multiple agreements were reached on different D2D demodulation test cases including the single-link demodulation, power imbalance, SDR, and multi timing reference test cases [1-2]. In this contribution, we share our further views on the remaining details of D2D demodulation requirements and test cases. In the companion paper [3] we provide the results of the link-level performance analysis for the agreed test cases.
2. Discussion
2.1 PSDCH single-link demodulation
The previous meeting agreements on еру D2D Discovery test cases are summarized in Table 1.
Table 1. D2D Discovery single-link demodulation test cases
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PSDCH soft-combining
Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels may take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions. In general, the D2D demodulation tests should aim to verify that UE has appropriate implementation of the soft combining functionality. The existing PSDCH test cases do not require using soft-combining. In particular, the single-link test case is defined without any PSDCH retransmissions. The SDR test is defined with 3 retransmissions, but the test has noise free conditions which make the retransmissions some sort redundant, since even initial PSSCH transmission would be successfully decoded. In our view, it is preferable to define the test cases in a way to enable verification of the soft-combining. Alternatively, the test with multiple PSDCH retransmissions can be defined, while the minimum performance requirements would be defined based on the no soft combining case.
General parameters
There are several aspects to be clarified to finalize the definition of the test cases:

· Channel model for eNB-UE link

· The AWGN channel model with high SNR for the serving cell can be used to avoid any potential impacts on the D2D demodulation performance from the imperfect WAN synchronization.
· Number of neighboring cells

· A single serving cell can be considered for the Test case 1.
· As agreed in the last meeting “Neighbour cell DL timing is not precluded to be used as reference D2D RX timing but not assumed to define minimum performance requirements”. Meantime, the existing setup precludes configuring the second E-UTRA cell, so it might give indication that such approach is not feasible at all. Therefore, we suggest to introduce the 2nd cell at least for one test case, while keeping the minimum requirements based on the SLSS. In particular, for the Test case 2 it might be possible to consider 2nd cell with time offset of (3.1ms + 2us) and frequency offset +200Hz w.r.t. the serving cell. The SNR on this link should be on par with the UE2 link.
· The PSDCH test cases should be defined for both D2D Discovery Type 1 and Type 2B.

· To check correct receive implementation in terms of PSDCH decoding, the discovery resource pool needs to be configured to occupy full BW.
· To avoid potential impacts from the inaccurate SLSS estimation, UE2 link can be configured to have high SNR conditions.

· The test case 1 needs to be defined for both FDD and TDD modes. The test case 2 should be defined for the FDD mode only, as TDD implies synchronous operation.
2.2 PSSCH/PSCCH/PSBCH single-link demodulation
The previous meeting agreements on D2D Communication test cases are summarized in Table 2.

Table 2. D2D Communication single-link demodulation test cases
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Further, we share further considerations on the remaining aspects.
General parameters

· Channel model for eNB-UE link

· Similar to our proposal for the PSDCH test cases, the AWGN channel model with high SNR can be used.

· Number of neighboring cells

· A single serving cell can be considered for the Test case 1
· Similar to our proposal for the PSDCH test cases, for the Test case 2 it might be possible to consider 2nd E-UTRA cell with time offset of 10.1ms and frequency offset 0Hz vs the serving cell.
· The test cases should be defined for FDD only, since currently there are no TDD bands for the D2D communication. The TDD test cases can be added later in a similar way, when the TDD bands are enabled.
· D2D communication resource pools configuration
· Full frequency BW D2D Communication pool resource allocation should be used

· Based on the recent e-mail discussion the following resource allocation patterns can be considered: 
· SA period: 40ms

· Test 1

· No SLSS

· SA SF bitmap:

11000000 00000000 00000000 00000000 00000000

· Data SF bitmap:

00111111 11111111 11111111 11111111 11111111
· UE-1 T-RPT:


11000000
· Test 2/3

· SLSS SF bitmap:

10000000 00000000 00000000 00000000 00000000

· SA SF bitmap:

00110000 00000000 00000000 00000000 00000000

· Data SF bitmap:

00001111 11111111 11111111 11111111 11111111
· UE-1 T-RPT:


11000000
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Figure 1. D2D Communication single link tests transmission pattern
PSSCH test parameters
· PSSCH frequency hopping

· The test cases need to ensure verification of the PSSCH frequency hopping functionality. Furthermore, all three possible cases incl. no hopping, Type 1 hopping and Type 2 hopping need to be tested.
· Following the recent e-mail discussion the following hopping parameters were suggested to be used:
· Type 1, BW 5MHz: rbHoppingOffset  = 0, Information in hopping bits = '0'

· Type 1, BW 10MHz: rbHoppingOffset  = 0, Information in hopping bits = '10'

· Type 2: rbHoppingOffset = 0, numSubbands = 2, c_init = 510 (hoppingparameter = 504)

· For the Type 2 hopping case we have noticed that PSSCH transmissions do not have much frequency diversity for the agreed parameters and especially for the 5MHz BW. The reason is that same resource blocks are used in the first two consecutive subframes. Below, we show the table with the PRB resource allocation in 4 TTIs used for PSSCH transmission for different c_init values:

	c_Init
	PSSCH TTI index

	
	0
	1
	2
	3

	510
	12:21
	12:21
	0:9
	2:11

	500
	0:9
	14:23
	12:21
	0:9


It can be seen that using c_init = 500 provides better frequency resource allocation diversity and hence suggested to be used for final requirements definition.
· PSSCH FRCs
· Based on the last meeting agreements 3 possible PSSCH FRCs options are considered: 1) 16QAM, TCR 1/2, 10 PRB pairs, 2) 16QAM, TCR 1/2, full BW allocation and 3) QPSK, TCR 1/3, 10 PRB pairs. In our view, the tests need to cover both QPSK and 16QAM transmissions. In general, all three RMCs can be used for the definition of the final test cases as shown further.
· Based on current agreements the total number of test cases is rather large. For final downselection we propose the following 3 PSSCH test cases:
· Test 1 + No hopping + FRC 2 (16QAM, TCR 1/2, full BW)
· Test 2 + Type 1 hopping + FRC 1 (16QAM , TCR 1/2, 10 PRB pairs)

· Test 3 + Type 2 hopping + FRC 3 (QPSK, TCR 1/3, 10 PRB pairs)

· To avoid any potential negative impacts of the PSCCH decoding on the PSSCH performance, it is suggested to use high SNR for the associated PSCCH transmissions.
· For the test cases 2 and 3 when UE is assumed to derive synch using the SLSS from D2D UE2, the UE1-UE2 link should be configured to have high SNR conditions to split verification of the SLSS processing accuracy and demodulation performance.

PSCCH test parameters and assumptions
The PSCCH minimum requirements should be defined under an assumption that UE applies soft-combining. In addition, the PSCCH performance may be tested for one scenario only (e.g. Test 1 in-coverage intra-cell). For other scenarios the performance would be implicitly tested via PSSCH test cases

2.3 Power imbalance test cases
In the last meeting the D2D power imbalance test was introduced with the goal to verify in-channel selectivity and dynamic range of D2D Rx UEs. The previous meeting agreements on the test case are summarized in Table 3.

Table 3. D2D power imbalance test cases
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The majority of the test parameters were decided. However, the exact requirements and procedure to define them were not finalized. The following procedure to define the performance requirements for the power imbalance test case is suggested:
1) First, agree on the target in-channel leakage requirements (α, dB)

2) Define the D2D UE1 receive power level in terms of SNR (i.e. SNRUE1). The power level can be chosen in a way that the maximum leaked interference power level would be on par or slightly above the noise level.
3) Based on the simulation results identify the PSSCH/PSCCH demodulation requirement in the absence of the concurrent D2D transmission (SNRDemod). The demodulation requirement should include the impairments.
4) Derive target D2D UE2 SNR level as SNRUE2 = SNRDemod + 10*log10(1 + 10 (SNRUE1 + α)/10) [dB]
With regards to the exact requirements, we suggest using the following values:

· α = -19dBc leakage requirement
· SNRUE1 = 20 dB
· PSDCH: SNRUE2 = 6 dB (for SNRDemod = 2.5 dB)
· PSSCH: SNRUE2 = 1 dB (for SNRDemod = -2.5 dB)
2.4 Maximum sidelink process test cases
In the last meeting the majority of the D2D Maximum sidelink process test were agreed in [2]. The previous meeting agreements on the test case are summarized in Table 4. In this section we share views on the remaining aspects.

Table 4. D2D Maximum sidelink process test case
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General parameters
· Performance metric and requirement: Similar to the existing SDR tests, the percentage of the successfully decoded packets can be used as the test metric. As shown in the companion paper [3], relatively low SINR is required to have successful decoding of a single PSDCH/PSSCH packet. So, assuming practical test setup, UE would be capable to decode 100% packets successfully. However, some interruptions for might still happen and cannot be avoided. So, the performance requirements can be somewhat relaxed to 85%.

· Duplexing mode: The FDD test cases need to be defined for the D2D Communication. Both FDD/TDD test cases should be defined for the D2D Discovery operation.
D2D Communication parameters
The basic D2D Communication resource allocation principles were agreed in the last meeting and follow the description in [4]. Below, we provide more detailed parameters suggested for the test case definition:
· SA period: 80ms

· Pool 1

· SA SF bitmap:
11000000 00000000 00000000 00000000 00000000

· Data SF offset:
4
· Data SF bitmap:
11110000 11110000 11110000 11110000 11110000
· UE-1 T-RPT:

1000000

· …

· UE-8 T-RPT:

0000001

· Pool 2

· SA SF bitmap:
00110000 00000000 00000000 00000000 00000000

· Data SF offset: 
4

· Data SF bitmap:
00001111 00001111 00001111 00001111 00001111
· UE-9 T-RPT:

1000000

· …

· UE-16 T-RPT:
0000001
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Figure 2. D2D Communication multiple sidelink processes test transmission pattern
In addition, in the test setup the PSCCH transmissions from different UEs should be assigned to the orthogonal resources to guarantee successful decoding.
2.5 Multi timing reference test cases
In the previous meeting the following agreements on the multi timing reference test case were reached [2]:
	· Test purpose
· To verify the PSDCH or PSCCH/PSSCH performance under different sync reference for multiple links with non-overlapping resource pools
· Test configuration
· Two D2D Tx UEs are configured 
· One D2D Tx UE is for serving cell, and other D2D Tx UE is for neighbor cell (async inter-cell)
· Rx D2D UE sync reference 
· For intra-cell : serving cell
· For inter-cell : SLSS 
· Two non-overlapping resource pools (time domain) are configured.
· One is serving cell and other is neighbor cell (async inter-cell)


The key idea of the test cases is to check that UE is capable to dynamically change the timing reference from the cellular to SLSS and back depending on the configured resources. In our view, there is no big difference comparing the already agreed single-link demodulation test cases and there are not much benefits in defining these additional test cases. Alternatively, to reduce the number of test cases it may be possible to modify single-link demodulation test cases in a way to verify correct UE behaviour in terms of the sync reference changing for different resources pools. In particular the following approach can be accommodated:

1) D2D Discovery: Test 1 and Test 2 can be merged into a single test setup with 3 different D2D TX UEs. One UE would operate in an intra-cell resource pool (same as Test 1) and two more UEs would operate in an inter-cell asynchronous pool (same as Test 2). The resource pools can be configured to be non-overlapping. The performance statistics can be measured for each pool separately.
2) D2D Communication: Following similar principles, the D2D communication Test 1 and Test 2 can be merged into a single test setup with 3 different D2D TX UEs and two non-overlapping resources pools. 
The suggested test parameters are provided in Table 5.
Table 5. D2D Discovery and Communication multi timing reference test case parameters

	Test / Simulation Parameters
	D2D Discovery
	D2D Communication

	Example applicable operating scenario
	Intra-cell / Inter-cell synchronous and

	Rx pool synchronization window configuration 
	Pool 1: Not present

Pool 2: w1
	NA

	# E-UTRA cells
	2 (serving cell and neighboring cell, high SNR)

	# D2D UEs
	3

	D2D TX UE 1
	Resource pool
	#1
	#1

	
	Transmission
	PSDCH
	PSCCH+PSSCH(3HARQ)
16QAM, CR 1/2, fully allocated

	
	Timing offset w.r.t. serving cell
	+1us
	+1us

	
	Freq offset w.r.t. serving cell
	+200Hz
	+200Hz

	D2D TX UE 2
	Resource pool
	#2
	#2

	
	Transmission
	SLSS
	SLSS+PSBCH

	
	Timing offset w.r.t. serving cell
	+3.1ms
	10.1ms

	
	Freq offset w.r.t. serving cell
	-100 Hz
	-100 Hz

	D2D TX UE 3
	Resource pool
	#2
	#2

	
	Transmission
	PSDCH
	PSCCH+PSSCH(3HARQ)
16QAM, CR 1/2, fully allocated

	
	Timing offset w.r.t. serving cell
	+1us + 3.1ms
	-1us + 10.1ms

	
	Freq offset w.r.t. serving cell
	+300 Hz
	+300 Hz

	Propagation Channel
	Serving cell
	AWGN

	
	Neighboring cell
	AWGN

	
	D2D TX UE 1
	EPA5
	EVA70

	
	D2D TX UE 2
	AWGN
	AWGN

	
	D2D TX UE 3
	EPA5
	EVA70

	Channel BWs
	5 MHz
	5 MHz / 10 MHz

	Rx UE assumptions 
(for simulation)
	Timing reference
	Pool 1: Serving cell

Pool 2: SLSS (from D2D UE 2)
	Pool 1: Serving cell

Pool 2: SLSS (from D2D UE 2)

	
	Timing offset assumption (w.r.t. reference)
	[-CP/2 CP/2]
	[-CP/2 CP/2]

	
	Frequency reference
	Serving cell
	Serving cell


3. Conclusions

In this contribution we have shared our views on the views on the remaining details of D2D UE demodulation test cases. In summary, we make the following proposals:

Proposal #1:
Use the following test parameters for the PSDCH single-link demodulation test cases:
· 3 PSDCH retransmissions. FFS whether the requirements imply soft-combining.

· AWGN channel model with high SNR for eNB-UE link

· One E-UTRA cell for the Test case 1. Two E-UTRA cells for Test case 2 (2nd neighbouring cell has time offset of (3.1ms + 2us) and frequency offset +200Hz w.r.t. the serving cell)
· Full BW discovery resource pool allocation.

· UE2 link has high SNR.

· Test case 1 is defined for both FDD and TDD modes. Test case 2 is defined for the FDD mode only.

Proposal #2:
Use the following test parameters for the PSSCH/PSCCH/PSBCH single-link demodulation test cases:
· AWGN channel model with high SNR for eNB-UE link

· One E-UTRA cell for the Test case 1. Two E-UTRA cells for Test case 2 (2nd neighbouring cell has time offset of (3.1ms + 2us) and frequency offset +200Hz w.r.t. the serving cell)
· Resource pool allocation:

· Full BW

· SA period: 40ms

· Test 1

· SA bitmap:

11000000 00000000 00000000 00000000 00000000

· Data bitmap:

00111111 11111111 11111111 11111111 11111111
· UE-1 T-RPT:

11000000
· Tests 2/3

· SLSS subframe:
10000000 00000000 00000000 00000000 00000000

· SA bitmap:

00110000 00000000 00000000 00000000 00000000

· Data bitmap:

00001111 11111111 11111111 11111111 11111111
· UE-1 T-RPT:

11000000
· Test case are defined for both FDD mode only.
· PSSCH frequency hopping

· Type 1, BW 5MHz: rbHoppingOffset  = 0, Information in hopping bits = '0'

· Type 1, BW 10MHz: rbHoppingOffset  = 0, Information in hopping bits = '10'

· Type 2: rbHoppingOffset = 0, numSubbands = 2, c_init = 500

· The following PSSCH FRCs are used for final test cases:

· Test 1: FRC 2 (16QAM, TCR 1/2, full BW) + No hopping
· Test 2: FRC 1 (16QAM , TCR 1/2, 10 PRB pairs) + Type 1 hopping
· Test 3: FRC 3 (QPSK, TCR 1/3, 10 PRB pairs) + Type 2 hopping
· For PSSCH tests the subframes with PSCCH transmissions have high SNR.

· UE2 link has high SNR.

Proposal #3:
Use the following test parameters for the Power imbalance test cases:
· SNRUE1 = 20 dB
· PSDCH test case: SNRUE2 = 6 dB
· PSSCH test case: SNRUE2 = 1 dB
Proposal #4:
Use the following test parameters for the Maximum sidelink process test cases:
· Performance requirements: [85]% of the successfully decoded packets
· D2D Communication test parameters

· SA period: 80ms

· Pool 1

· SA SF offset:

0

· SA bitmap:

11000000 00000000 00000000 00000000 00000000

· Data SF offset:
4

· Data bitmap:

11110000 11110000 11110000 11110000 11110000
· UE-1 T-RPT:

1000000

· …

· UE-8 T-RPT:

0000001

· Pool 2

· SA SF offset:

0

· SA bitmap:

00110000 00000000 00000000 00000000 00000000

· Data SF offset: 
4

· Data bitmap:

00001111 00001111 00001111 00001111 00001111
· UE-9 T-RPT:

1000000

· …

· UE-16 T-RPT:
0000001
Proposal #5:
Do not introduce dedicated test cases for the verification of the multi timing reference functionality. Modify the single-link PSSCH and PSDCH test case to support verification of the PSDCH or PSCCH/PSSCH performance under different sync reference for multiple links with non-overlapping resource pools.
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