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1. Introduction

In the following companion contributions, we provide the draft CRs to introduce the demodulation performance tests for D2D Discovery and Communications:
· R4-154328: CR on demodulation performance requirements for D2D Discovery
· R4-154329: CR on demodulation performance requirements for D2D Communication
In this contribution, we present discussion on the remaining details to finalize the demodulation performance tests (in Section 2). Further, in Section 3 and 4, we elaborate on some specific details in the draft CRs to aid discussion during the meeting.
2. Remaining details for demodulation tests
2.1. Power imbalance test with two links

In R4-153676 the test setup for power imbalance test (with two links transmitting on 2RBs adjacent to each other) was agreed. The power imbalance between the two links was left in square brackets since it depends on the choice on the desired operating SNR for the weaker link. The purpose of the test is to verify the in-channel selectivity (ICS) performance of the UE, and two options were agreed in R4-153676 for the UE ICS requirements (for adjacent 2 RBs) – Option 1: -19dBc;  Option 2: -22dBc.
In R4-76, companies are expected to converge on the final requirement. In our view, a tighter requirement of -22dBc (Option 2) can be adopted by R4 with the rationale that it may be desired at the system-level for UE ICS to be better than the UE Tx in-band emissions requirement (that is -19dBc in this setup).

For a given ICS requirement, the SNR of the two links can then be calculated as follows.
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As shown in the figure, the two Links (Link 1 and Link 2) are such that Link 1 is higher powered than Link 2 (SNR1 > SNR2). At the receiver, Link1 will affect Link2 due to limited dynamic range (quantization noise that can be assumed to be Gaussian). The SINR of Link2 in the presence of Link 1 (due to ICS) can then be expressed as:

SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1) 

For test specification, there are two degrees of freedom: SNR2 and SINR2.

· For SNR2: Note that the purpose of the test is to check the UE ICS performance. Hence SNR1/2 should be such that SINR2 == SIR2, i.e., the performance of Link2 should be dominated by interference from Link 1 (due to ICS) rather than noise. Hence SNR2 should be set (say) 5dB higher than the decoding SNR requirement. 

· For SINR2: This should be selected based on the desired operating point, e.g., at 70% throughput point. SINR2 is thus derived from the simulation results (Case 25 for Discovery and Case 26 for Communication).
Thus, the SNR1/2 can be selected in the test as per the following observation.
Observation 1: For power imbalance tests, the SNR of the two links can be selected as follows.

1. Select SINR2 from simulation results for decoding SNR@70% throughput point. 
2. Select SNR2 such that SNR2 >> SINR2 (e.g., 5dB higher)

3. Compute SNR1 from the relation: SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1). ICS can be chosen as -22dBc.
2.2. PSSCH performance requirements

The demodulation performance requirements for PSSCH should also account for PSCCH BLER. If PSCCH is not decoded, then data BLER is 1. Hence the PSSCH actual throughput = (1-PSCCH BLER(SNR)) * Throughput. The actual throughput should be specified in the requirements.

Observation 2: PSSCH throughput requirement at a given SNR should also account for PSCCH BLER at that SNR.
2.3. Lead time for SyncRef UE selection

As agreed in R4-153676, the test setup should ensure that a lead time is provided in the tests that require the UE to synchronize to a SyncRef UE. However, the numerical value for the lead time was not specified. We propose a lead time of 3 SLSS period, i.e., 12 frames for D2D communications and 3 discovery periods for D2D discovery.
The RRM requirements for SyncRef UE selection / reselection is 20sec, assuming a drop rate of 2%. The UE is thus searching for SyncRef UEs only 2% of the time. In the demodulation tests, the UE will be closed by the test loop mode for D2D monitoring and can thus search for SyncRef UEs 100% of the time. The lead time should thus be less than 20*0.02 = 400ms. However, we note that this requirement is derived for low SNR (Es/Iot of SyncRef UE > -4dB). As such the performance is expected to be better at higher SNR. For demodulation tests, we note that the SyncRef UE should be kept at a high SNR. Hence we propose a total of [4] synchronization periods (instead of 10 at the min SNR) with 2 for AGC training and tracking, and one for SLSS detection, and one for PSBCH decoding. Note that the effort here is to allow for a reasonable lead time, as the test purpose is to check the demodulation performance and not SyncRef selection requirement. 
For communications, the lead time is applicable to the following tests: (a) Single Link: Test 2, 3, and (b) Multiple timing reference test.

For discovery, the lead time is applicable to the following tests: (a) Single Link: Test 1, and (b) Multiple timing reference test.

Observation 3: In demodulation tests for that require UE to synchronize to a SyncRef UE, the test system should ensure a lead time of [4] synchronization periods before checking for demodulation performance requirements. 

· Lead time = [4] discovery period for D2D discovery 
· Lead time = [4]x40ms (=[16] frames) for D2D communication.
2.4. D2D-WAN concurrency test

In R4-153851, it was agreed to introduce a test to check impact on WAN due to D2D-WAN concurrency for D2D communication. While FFS, it was suggested to use SDR test for WAN in the agreed way forward.
In the draft CR R4-154329, we have proposed the test setup for D2D-WAN concurrency test following the agreed way forward in R4-153851 and other discussions in R4-153345. In this context, we briefly discuss two aspects for the D2D-WAN concurrency test.

a) PDSCH scheduling: With D2D-WAN concurrency, the idea is to have the UE in connected state with DL traffic along with D2D resources configured on UL. The test system will be required to transmit D2D signals on the uplink spectrum on the D2D subframes. Hence, due to half-duplex at the test equipment, the test equipment cannot receive ACK/NACK from the UE on those D2D subframe (as its transmitting D2D signals itself). 

Following figure depicts this consideration for the proposed test setup in R4-154329.
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PDSCH scheduling pattern 0111001111 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

UE ACK/NACK 1110011100 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Data Transmission 0000000011 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SA Transmission 0001100000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


b) Test metric: In the WF R4-154329, it was left FFS if performance of PSSCH should also be checked. In our understanding, the only requirement for the UE is to prioritize WAN. The UE is allowed to drop D2D in the process (e.g., due to soft-buffer sharing in this scenario). Hence only PDSCH performance should be checked in this test.
Observation 4: For D2D-WAN concurrency test for D2D communications, following aspects should be accounted for in the test setup.

· PDSCH scheduling should ensure that ACK/NACK from the UE is not expected on D2D subframes.

· No requirements on PSSCH throughput.
3. Specification details – D2D Discovery

In R4-154328 we have provided our draft CR for demodulation performance tests for D2D discovery. The purpose of this section is to highlight a few aspects to aid any discussion on the same.

3.1. Resource pool configurations

The following resource pool configurations are specified in R4-154328 (omitting the repetition for TDD/FDD).

	Configuration
	Table
	Used in Test
	Comments

	#1-FDD
	A.7.1.1-1
	Single Link – Test 1

Power imbalance test
	1 pool

Intra-cell / Inter-cell synchronous

	#2-FDD
	A.7.1.1-2
	Single Link – Test 2
	1 pool

Inter-cell asynchronous 

	#3-FDD
	A.7.1.1-5
	Multiple timing reference test
	2 pools

One sync; One async

	#4-FDD
	A.7.1.1-6
	Maximum Sidelink processes
	2 pools

(More discussion below)


Of the above resource pool definitions, only pool that may need some discussion is #4-FDD for testing the Maximum Sidelink processes. To verify the maximum Sidelink processes for discovery, the number of resource pools needed in different channel BWs and supported discovery processes (50/400) is as shown below.
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5
	Test 6
	Test 7

	BWChannel
	MHz
	5
	10
	15
	20
	10
	15
	20

	discSupportedProc
	
	50
	50
	50
	50
	400
	400
	400

	Number of configured resource pools
	
	5
	2
	2
	1
	16
	11
	8


Specifying separate resource pools separately for each Test above (Test 1 through Test 7) will lead to a lot of redundancy in specifications. Hence we choose to write a parametric resource pool configuration #4-FDD that is parameterized using (BW, NPool = number of resource pools, N = discSupportedProc).

Taking the simplistic example for BW = 10 MHz, NPools = 2, discSupportedProc = 50, the desired resource pools configuration is as follows:


Pool(0): 10101010 00000000 00000000 00000000 00000000 


Pool(1): 01010101 00000000 00000000 00000000 00000000

With prb-start = 0, prb-end = 49, prb-num = 25. The subframe bitmap a(0), … a(39) for the resource pool index iPool is then given as  a(i * NPool + iPool) = 1, i = 0,1,2,3, and  0 otherwise.
Two special considerations were needed beyond this simplistic example:

1. For NPool > 10, the bitmap length of 40 will be exceeded. Hence for NPool > 10, the number of repetitions of bitmap (numRepetition) is increased to 2 and bitmap is specified to have 2 transmission per 40ms (K=2).

2. For odd bandwidths, the last resource pool may not be fully allocated. Hence the number of frequency resources for the last pool is modified accordingly. For example, for 5 MHz, the prb-Num is specified as 5MHz: min{24, 2N-24*iPool} / 2.
4. Specification details – D2D communications

In R4-154329 we have provided our draft CR for demodulation performance tests for D2D communication. The purpose of this section is to highlight a few aspects to aid any discussion on the same.
4.1. Resource pool configurations

The following resource pool configurations are specified in R4-154329.
	Configuration
	Table
	Used in Test
	Comments

	#1-FDD
	A.7.2.1-1
	Single Link – Test 1
	1 pool

Intra-cell / Inter-cell synchronous

	#2-FDD
	A.7.2.1-2
	Single Link – Test 2
	1 pool

Inter-cell asynchronous 

	#3-FDD
	A.7.2.1-3
	Single Link – Test 3
	1 pool

OOC preconfiguration

	#4-FDD
	A.7.2.1-4
	Power imbalance test
	1 pools

(More discussion below) 

	#5-FDD
	A.7.2.1-5
	Multiple timing reference test
	2 pools

One sync; One async

(More discussion below)

	#6-FDD
	A.7.2.1-6
	Maximum Sidelink processes
	2 pools
(More discussion below)


Discussion on #4-FDD for Power imbalance test: For the power imbalance test, it was agreed to have 2 RB PSSCH transmission from two links (without t/f offset) on the same subframe. As such, the intra-cell resource pool configuration (#1-FDD) could have been reused, but the test setup also needs to ensure that the SA from the two links do not collide on the same subframe. In order to have the two UEs transmit SA on different subframes, but Data on the same subframe, we have extended the number of SA subframes to 4. This is the only difference between resource pools #1-FDD and #4-FDD.

SA


Pool 1:
00111100 00000000 00000000 00000000 00000000

Data 



Pool 1:
00000000 11111111 11111111 00000000 00000000
Further, the test configuration needs to ensure that the resoruces used for SA transmissions by the two links do not lie on the same subframe. This is done by fixing the SA resource in the test as shown below. Sidelink UE 1 is configured to transmit SA on resource index 0, and Sidelink UE 2 is configured to transmit SA on resource SA on resource index 2.
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Discussion on #5-FDD for Multiple links in different subframes: In R4-153676 it was agreed to introduce a test with two links that following different timing reference (intra-cell and inter-cell asynchronous) and transmit on non-overlapping resource pools. The details of the test setup were also presented as information in R4-153676.

With regard to the terminology, we have chosen to classify the test as ‘Multiple timing reference test’ in the draft CRs.

In the draft CRs, we have adopted the test setup in R4-153676. Furthermore, the resource pool configuration is such that the simulation results from single link cases can be reused. With regard to the resource pool configuration, the following two constraints need to be met: (i) two non-overlapping pools, and (ii) resulting time/frequency repetition of PSDCH (for Discovery) and PSCCH+PSSCH (for Communication) are the same as agreed for single link cases. Ensuring the same for Discovery is trivial and the details can be seen in the draft CR (R4-154328). For Communication, Configuration #5-FDD in R4-154329 is proposed for this purpose is depicted below.
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Pool 1 00CCDDDDDDD D D D D D D D D D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pool 2 0SCCDDDDDDD D D D D D D D D D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pool 1 00CCDDDDDDD D D D D D D D D D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pool 2 + async offset (20.5) 0000000000 0 0 0 0 0 0 0 0 0 0 0 S C C D D D D D D D D D D D D D D D D

S: Synchronization subframe

C: Control subframe

D: Data subframe


In the above figure, note that the asynch offset depicted is 20 subframes but a margin of 1 subframe is available to account for the actual async offset of 20.5ms.

The T-RPT used is the same for single link test cases (SA on subsequent subframes, and t-rpt of 11000000 for data). 

Discussion on #6-FDD for maximum Sidelink processes: The resource pool configuration follows the proposal in R4-152781, as agreed in R4-153656. As proposed in R4-152781, we have two resource pools configured. One minor aspect to point out is that we will need a SA period of 80ms for this test since 16 processes x 4 transmissions = 64 exceeds a SA period of 40ms. Hence the SA period in #6-FDD is configured as 80 with two Rx pools as shown below.
SA


Pool 1: 11110000 00000000 00000000 00000000 00000000 … (does not repeat)


Pool 2: 00001111 00000000 00000000 00000000 00000000 … (does not repeat)

Data


Pool 1: 00000000 11111111 00000000 11111111 00000000, 00000000 11111111 00000000 11111111 00000000 

Pool 2: 00000000 00000000 11111111 00000000 11111111, 00000000 00000000 11111111 00000000 11111111
Of course, this choice results in a gap of 8 subframes between 2nd and 3rd transmission for the two pools, but that does not affect the test purpose.

4.2. RMC for SA / Data

Consistent with the agreed WFs from RAN4 #75 and email discussions among companies, the following RMCs are specified. 
	SA
	No hopping for data
	CC.1 FDD (5 MHz)

CC.2 FDD (10 MHz)

	
	Type 2 hopping for data
	CC.3 FDD (5 MHz)

CC.4 FDD (10 MHz)

	
	Type 1 hopping for data
	CC.5 FDD (5 MHz)

CC.6 FDD (10 MHz)

	Data
	Option 1: 16QAM, TCR 1/2 , 10 PRBs
	CD.2 FDD

	
	Option 2: 16QAM, TCR 1/2, fully allocated
	CD.3 FDD (5 MHz)

CD.4 FDD (10 MHz)

	
	Option 3: QPSK, TCR 1/3, 10 PRBs
	CD.1 FDD

	
	2 PRBs (for power imbalance)
	CD.5 FDD

	
	Max TBS
	CD.6 FDD (5MHz)

CD.7 FDD (10MHz)


The SA + Data RMCs are then used in combination in the test setup as per the required configuration – for example, the agreed Case 20 in R4-154341 requires Option 3 + Type 1 hopping. Thus CC.5 / CC.6 (PSCCH) + CD.1 (PSSCH) can be used to yield this configuration. This is used in Section 12.6 in the draft CR (R4-154329) for multiple timing reference test for Sidelink UE 2.
4.3. Resource allocation for SA / Data

In most tests, the resource allocation requires randomly selecting a SA resource and the Data resource as per the T-RPT pattern. This is specified as follows.
For SA, the available resources are indexed using 
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as defined in TS 36.213. The time/frequency of the two SA transmission is specified in TS 36.213 using 
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as follows:

	Excerpt from Section 14.2.1.1 of TS 36.213
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Hence, we choose to use the indexing to choose the SA resource randomly as follows:

	PSCCH subframe allocation
	
	As defined by TS 36.213 with 
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 chosen randomly (uniformly) in 
[image: image21.wmf]ë

û

]

1

2

/

,

0

[

_

-

PSCCH

RP

PSCCH

RB

L

M

every sc-period 

	PSCCH RB allocation
	
	


For Data, the T-RPT pattern determines the subframes used for data transmission. The frequency resources is specified to be chosen at random from those allowed by TS36.213. Example description used in the draft CR is shown below.

	PSSCH subframe allocation
	
	 As per time repetition pattern specified in PSCCH 

	PSSCH RB allocation
	
	First transmission: Chosen randomly (uniformly) among the allowed RBs as per TS36.213

HARQ retransmission: As per frequency hopping indicated in PSCCH and specified in TS36.213  


5. Conclusions

In this contribution, the following observations were made for the remaining details for D2D demodulation tests.
(Power imbalance test)

Observation 1: For power imbalance tests, the SNR of the two links can be selected as follows.

1. Select SINR2 from simulation results for decoding SNR@70% throughput point. 

2. Select SNR2 such that SNR2 >> SINR2 (e.g., 5dB higher)

3. Compute SNR1 from the relation: SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1). ICS can be chosen as -22dBc.

(PSSCH performance requirements)

Observation 2: PSSCH throughput requirement at a given SNR should also account for PSCCH BLER at that SNR.

(Lead time for SyncRef UE selection)

Observation 3: In demodulation tests for that require UE to synchronize to a SyncRef UE, the test system should ensure a lead time of [4] synchronization periods before checking for demodulation performance requirements. 

· Lead time = [4] discovery period for D2D discovery 

· Lead time = [4]x40ms (=[16] frames) for D2D communication.

(D2D-WAN concurrency test – D2D communication)

Observation 4: For D2D-WAN concurrency test for D2D communications, following aspects should be accounted for in the test setup.

· PDSCH scheduling should ensure that ACK/NACK from the UE is not expected on D2D subframes.

· No requirements on PSSCH throughput.
Additionally, the contribution also presented discussion on miscellaneous aspects related to specification choices made in the draft CRs for Discovery (R4-154328) and Communication (R4-154329).
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