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1. Introduction

Over the last couple of meeting cycles, RAN4 has been discussing the framework for D2D demodulation performance requirements. In particular, three categories of demodulation performance requirements are in discussion:
· Single D2D link

· Two D2D links

· Maximum D2D links (with the number of links same as the maximum Sidelink processes)
The purpose of this paper to further discuss and agree on the framework for defining the demodulation performance requirements for D2D. This involves identifying the test purpose and agreeing on the high level test setup (e.g., fading or AWGN, etc.) for each of the test categories listed above.
2. Framework for D2D demodulation requirements
Consistent with the prior discussions in RAN4 [R4-152397], [R4-151871], we propose to use the following three categories as the framework for D2D demodulation performance requirements:
· Single D2D link

· Two D2D links

· Maximum D2D links (with the number of links same as the maximum Sidelink processes)
The test purpose of single D2D link tests is similar to per-channel demodulation performance requirements for DL channel under fading conditions. While the details of the single D2D link demodulation tests are still under discussion, RAN4 seems to have a common understanding on the test purpose with single D2D link test.
The test purpose of maximum D2D links, however, needs further discussion. In particular, two categories are being proposed – two links and maximum links (with number of links equal to the maximum Sidelink processes) – with different test purpose for each test. This is key focus of this paper. 
Impact to WAN with D2D/WAN concurrency: In addition to the D2D demodulation performance requirements, another test purpose was to verify the impact on WAN. In the last meeting, a WF was agreed in [R4-152378] that the verification can be done using either a demodulation test or as a part of the RRM interruptions test. In the RRM session, the interruption tests for both D2D Discovery and Communication was agreed. In our view, the test purpose is covered using the agreed RRM and no further demodulation test is required.
In particular, for both Test 1 and Test 2 that are listed as options in the agreed WF R4-152378, the test purpose is the same – (i) verify that WAN is prioritized over D2D in case of conflict with D2D-WAN concurrency, and (ii) ACK/NACK transmission, apart from the allowed interruptions. Hence either of these tests can be used, of which Test 2 is already agreed in RRM session.

Observation 1: The following three categories of D2D demodulation tests have been discussed in RAN4:
· Single D2D link

· Two D2D links

· Maximum D2D links (with number of links same as the maximum Sidelink processes)

In this paper, we motivate the use of the following framework for D2D demodulation performance requirements.
Proposal 1: Adopt the following framework for D2D demodulation performance requirements:
	Category
	Number of D2D links
	Test purpose
	Applicable D2D channels
	Test Setup

	
	
	
	
	Fading (each link)
	Power imbalance b/w links
	Time/Freq offset b/w links

	Single D2D Link
	1
	Verify BLER-SNR performance in fading channels
	PSDCH, PSSCH, PSCCH, PSBCH
	Yes
	N/A
	Yes(**)

	Two D2D links
	2
	Verify in-channel selectivity performance of UE
	PSDCH, PSSCH
	No
	Yes
	No

	Maximum Sidelink processes
	50/400 
(Discovery*)

16 (Communications)
	Verify maximum number of sidelink processes as reported by the UE
	PSDCH, PSSCH
	No
	No
	No

	Note: (*) As per UE capability indication of the maximum number of Discovery Sidelink processes supported
          (**) T/F offset between UE reference timing (e.g., DL timing, UL frequency) and D2D link


Proposal 2: For impact to WAN with D2D/WAN concurrency, the agreed RRM test in R4-152315 for Discovery and Communication is sufficient and no further demodulation tests are required.
2.1. Single D2D link
As mentioned above, the test purpose of single D2D link tests is similar to per-channel demodulation performance requirements for DL channel under fading conditions. While the details of the single D2D link demodulation tests are still under discussion, RAN4 seems to have a common understanding on the test purpose with single D2D link test.

It was agreed in R4-152397 that single D2D link performance requirements for all the D2D physical channels can be defined. It was also pointed out that for PSBCH, that it may not be possible to test the requirement and the will be tested implicitly in the RRM test cases (SyncRef UE selection/reselection). Thus PSBCH can be treated similar to PBCH in terms of the R4 specification work and testing needs.
The single D2D links test requirement include verification of the UEs receiver performance in: (i) fading channels, (ii) time offset between Tx/Rx, and (iii) frequency offset between Tx/Rx.

Further details on the test setup and simulation assumptions for each of the single D2D link test cases is discussed further in our companion paper R4-153081.
Observation 2: Single D2D link performance requirements are to test the UE receiver performance in fading channels and with time/frequency offset between Tx-Rx UE. 

2.2. Two D2D links

In this section, we try to motivate the test purpose and the required test setup (to fulfil that purpose) for demodulation performance requirements with two D2D links.
Test purpose: The test purpose is to verify the receiver in-channel selectivity performance of the UE, i.e., the UE receiver’s ability to receiving two D2D links at different levels.


[image: image1.emf]R

e

s

o

u

r

c

e

 

B

l

o

c

k

Channel BW

L

i

n

k

 

2

L

i

n

k

 

1

Receiver UE

TX UE 2

TX UE 1

L

i

n

k

 

1

L

i

n

k

 

2

Link 1 and Link 2 as received at the Rx UE

Max imbalance given by receiver in-

channel selectivity performance


Figure 1: Illustration of the two D2D link demodaultion performance requirement
Note that the UE is stressed most in this test when the power imbalance between the two links is maximum. This is relevant to the discussion below on the test setup.

Why limit to two links? The receiver in-channel selectivity performance is limited by the different in the strongest and the weakest D2D link. Thus only two links are enough to test the receiver performance. Any additional link does not add any further verification of the receiver performance, and adds unnecessary complexity in test definition. 
How to derive the requirement? This requirement needs to be derived to ensure that the D2D link performance is not degraded due to limitations in the UE receiver in-channel selectivity performance. At a system level, the D2D link performance of Link 2 is limited by the in-band emissions (in-channel Tx leakage) from Tx UE of Link 1, and the receiver in-channel selectivity in receiving Link 2 in the presence of Link 1. This is depicted in the figure below.
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With respect to reception of Link 2, the interference rejection (IR) of Link 1 can then be expressed as:
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For example, if in-band emissions of Link 1 to Link 2 RBs is 20dBc, and the in-channel selectivity of the Rx UE is 30dBc, the overall rejection of Link 1 in reception of Link 2 is 10*log10(1/(10^-2 + 10^-3)) =  19.58dBc. In other words, if Link 1 is 19.58dB higher than Link 2, then the SIR of Link 2 is 0dB. 

It should be then noticed that having an ICS higher than IBE does not benefit the system performance. In the above example, even if the ICS was 40dBc, the IR is still 19.95dBc since it will be dominated by the IBE of 19dBc. Hence requirement on ICS can be derived from the existing requirement on IBE for the UE, and can be set equal to the IBE.
The IBE requirement for the UE is given in TS 36.101 Section 6.5.2.3 (Table 6.5.2.3.1-1). Consider the case where the Link 1 and Link 2 are such that they do not lie of the exceptions for carrier leakage and IQ image (i.e., no on DC RBs, and not on image RBs). In that case the general IBE mask is applicable. The General mask will then be dominated by the factor
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, where the notation is as described in TS 36.101.
Considering the case of 2RBs adjacent to each other, the total IBE from Link 1 (2RBs, QPSK) to Link 2 (2RBs) is calculated as 
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It is hence proposed that an ICS for two Links adjacent to each other can be set as 19.2dB (same as the IBE leakage). 

With the same level of IBE and ICS, the combined effect of IBE and ICS is then 3dB higher. Thus, if companies prefer, ICS can be set to be a few dBs higher than the IBE level so that IBE dominates.
To be able to test this requirement, it is important to specify that the test equipment ensures that the IBE from Link 1 is much lower than the ICS requirement (e.g., 9dBs). Otherwise, we cannot test the ICS requirement. This is another reason why it is preferred to test with Link 1 and Link 2 adjacent to each other, since the UE IBE level is high (19.2dB) when the links are adjacent to each other.
Note that an alternate way to setup the test is to place the 2 links far apart (
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 < 33) and still not overlapping with DC RBs or IQ image of each other. Then the IBE limit is 30dBc (NOTE 1 in Table 6.5.2.3.1-1 [TS 36.101]). The operating SINR for Link 2 in each case will be 0dB.
Proposal 3: The in-channel selectivity requirement can be derived to be same (or a few dBs higher) than the UE IBE requirement. 

Proposal 4: The in-channel selectivity test can be done using either of the following two setups:

i. Two D2D links on adjacent RBs (that do not lie on DC RBs or IQ image of each other). The power imbalance between the two links can be set as 19.2dB in this case.
ii. Two D2D links that are at least 8 RBs away (and that do not lie on DC RBs or IQ image of each other). The power imbalance between the two links can be set as 30dB in this case.
Receiver processing is per D2D link: It should be noted that the discussion above on deriving the requirement for ICS is based on IBE and no baseband leakage (e.g., CFO) from between the two links.
Before presenting a detailed discussion on Fading and Time/Frequency offset between the two links, it should be noted that the receiver processing w.r.t. channel estimation, time/frequency offset estimation and correction is done per D2D link. The receiver performance in handling Fading and T/F offsets is already tested in the single D2D link performance tests. Thus adding Fading and Time/Frequency offset does not add any value to the test purpose. In the following discussion, we present further details why some of these may even weaken the test purpose.
Observation 3: Receiver processing with respect to channel equalization and time/frequency offset correction per D2D link, and is already verified using single D2D link tests.

Test setup - Propagation channel (Fading / AWGN): As described above, channel estimation and equalization is per D2D link and as such fading of the two links does not add any value to the test purpose. More importantly, introducing fading will actually make the test weaker.
The test purpose of the two D2D links is to check the in-channel selectivity of the test, and is stressed with the maximum power imbalance between the two D2D links. Say the ICS requirement is 19.2dB with AWGN. With Fading the test will need to be performed at a power imbalance less than the ICS requirement of 19.2 to account for the fading margin – i.e., margin such that power imbalance + fading  margin = ICS.
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Thus the test is weaker if fading is introduced since the margin will likely be large to cover (say) 99% of the fading variation, while such high fading values will be infrequent. Thus the UE is stressed the most for AWGN and not if Fading is also introduced in the test.

It may also be helpful to note that for BS, ICS is defined as a RF test with AWGN channel condition. 

Observation 4: The in-channel selectivity performance test with two D2D links is stressed most in AWGN condition. With fading, the power imbalance will have to be set lower than the ICS performance to account for fading variation.
Test setup - Frequency offset between two links: Frequency offset estimation and compensation is per-D2D link, i.e., done for Link 1 and Link 2 independently. The UE behavior and performance in this aspect is already verified in the single D2D link test case.
Further, if frequency offset between the two D2D links is present, ICI will be introduced that cannot be corrected by the UE (causing a SIR floor). With normalized frequency offset, the ICI leakage from Link 1 to Link 2 for the 2RB adjacent case is plotted below. The ICI thus needs to be much lower than the ICS requirement under test, else the ICI due to CFO will dominate and we cannot test the ICS performance.
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Figure 2: ICI due to frequency offset between two links, each occupying 2RBs and adjacent to each other.

Based on the above figure, it can be argued that with frequency offsets of 400Hz (i.e., normalized CFO of ~0.03) the residual ICI from Link 1 to Link 2 is expected to be less than -30dBc that should be less than the ICS requirement. Nonetheless, having CFO between the two links causes more complexity in test definition, and does not add any value to the test purpose. Hence, it is proposed not to have any frequency offset between the two links.
Test setup - Time offset between the two links: Similar to frequency offset, time offset estimation and correction is done per link and as such does not add any value introduce time offset between the two links for the test purpose of in-channel selectivity performance.
Clearly, if time offset between the two links is greater than CP, there will be ISI that will break the test purpose. As such, if we add small time offsets (in [-CP/2+12Ts, CP/2-12Ts]) for both links, it can likely be handled in the test. Nonetheless, it adds a lot of complexity in test definition without providing any value addition to the test purpose. It is hence proposed not to have any frequency offset between the two links.

Observation 4: Adding time/frequency offset between the two links does not add any value to the test purpose of testing UE in-channel selectivity performance. Moreover, large frequency or time offset can also break the test purpose.
Proposal 5: No time/frequency offset between the two links should be added in the two D2D link test.
Comparison with base station requirements:  Since this is similar to PUSCH reception at eNodeB, we note that the in-channel selectivity requirement for eNodeB is specified with [TS 36.104 Section 7.4]:
· Two PUSCH links

· AWGN

· No time/frequency offsets between the two links

Furthermore, the ICS requirement for eNodeB also corresponds well with the UE IBE requirement, as shown in our prior paper R4-150209.

Therefore we propose the same setup for D2D UE ICS requirement. Furthermore, the requirement is only specified as a RF requirement and does not have additional demodulation performance requirements.
2.3. Maximum D2D links

Test Purpose: The test purpose of maximum D2D links is to test the maximum number of Sidelink processes that the UE indicates for Discovery (50 or 400) or is required to support for Communication (16). The test purpose thus resembles the existing SDR tests where the purpose is to verify the Layer 1 and Layer 2 handling of the maximum number of Sidelink processes.
Test setup – Fading / Time and Frequency offset / Power imbalance between links: For the same reasons as above, adding fading or time/frequency offset between the links does not add any value to the test purpose. Adding power imbalance between the links also does not add any value to the test purpose, which is to check the handling of maximum number of HARQ processes. UE handling of the maximum power imbalance is already tested with the two D2D link performance requirement.
Maximum number of bits per TTI: We mentioned that the test purpose is to test the maximum number of Sidelink processes. We did not mention maximum number of bits per TTI since it’s not possible to test the same for D2D communications given that in Rel-12 only 10MHz (and 5MHz for B31) is supported. To test maximum number of bits per TTI for D2D communications (25456), we will need 20MHz channel BW which is not supported at this moment. 
For D2D discovery, the maximum number of bits per TTI is (50* 232) corresponding to 50 links per TTI for 20MHz channel. While this is possible to be tested for bands supporting 20MHz, we propose to limit the test to 10MHz channel BWs for simplicity.

Further details on the test setup for maximum D2D links test cases to test the maximum number of Sidelink processes is discussed further in our companion paper R4-153081.

Observation 5: It is not possible to test maximum number of bits per TTI for D2D communications since 20MHz is not supported in Rel-12 for D2D communication.
3. Other considerations on D2D performance tests
3.1. Channel Bandwidths

For D2D discovery, channel bandwidths of 5MHz, 10 MHz, 15 MHz, and 20MHz are supported in Rel-12. There is only one supported RMC for D2D discovery (232 transport block size, fixed MCS, mapped to 2RBs) and the performance is independent of the channel BW. For all the bands that support D2D discovery in Rel-12, 10MHz channel bandwidth is supported on all the bands except for B31 where 5MHz is the maximum channel BW supported.

We can thus specify the demodulation performance requirements for D2D discovery for 5/10 MHz channel BWs.

For D2D communications, 5MHz and 10 MHz are the only channel BWs supported in Rel-12. Further, 5MHz is supported only for B31.

We can thus specify the demodulation performance requirements for D2D communications for 5/10 MHz channel BWs.

Proposal 6: D2D demodulation performance requirements for D2D discovery and communication can be specified 5 MHz and 10 MHz channel bandwidth. The 5MHz channel bandwidth test will be applicable to B31.
3.2. IDLE and C-DRX configurations

The UE participating in discovery or communication is required (in general) to prioritize WAN over D2D in case of a conflict, e.g., WAN Tx over D2D Tx/Rx, WAN RRM procedures over D2D Tx/Rx, no-interruption to paging, etc. This presents a challenge in setting up a test to verity the D2D performance, since it may choose to skip D2D operation in favor of fulfilling legacy WAN procedures / requirements. 

This is particularly true for D2D discovery wherein the UE may not be able to simultaneous receive on the UL and DL of an FDD spectrum. Even with spare receiver chain, e.g., for D2D communication, interleaved WAN and D2D (e.g., [6]) may still lead to conflict w.r.t. soft-buffer sharing that is left up to UE implementation. Thus UE may choose to drop soft-combining for D2D if favor of WAN reception.

Due to the above reasons, D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. For D2D discovery, even if the aforesaid conditions are met, the UE may still skip D2D reception in favor of WAN procedures. However, the effort is to find an Idle/C-DRX configuration wherein the UE is expected to do so rarely (that can be accommodated as a test tolerance). 

In our companion paper R4-153082, we present further discussion on this aspect and propose Idle/C-DRX configuration that should be used for D2D performance tests.

Observation 6:  D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. 

4. Conclusions

In this paper, we presented our proposals on framework for D2D demodulation performance requirements.
(Demodulation Performance requirements – Framework)

Observation 1: The following three categories of D2D demodulation tests have been discussed in RAN4:

· Single D2D link

· Two D2D links

· Maximum D2D links (with number of links same as the maximum Sidelink processes)

Proposal 1: Adopt the following framework for D2D demodulation performance requirements:
	Category
	Number of D2D links
	Test purpose
	Applicable D2D channels
	Test Setup

	
	
	
	
	Fading (each link)
	Power imbalance b/w links
	Time/Freq offset b/w links

	Single D2D Link
	1
	Verify BLER-SNR performance in fading channels
	PSDCH, PSSCH, PSCCH, PSBCH
	Yes
	-
	Yes(**)

	Two D2D links
	2
	Verify in-channel selectivity performance of UE
	PSDCH, PSSCH
	No
	Yes
	No

	Maximum Sidelink processes
	50/400 
(Discovery*)

16 (Communications)
	Verify maximum number of sidelink processes as reported by the UE
	PSDCH, PSSCH
	No
	No
	No

	Note: (*) As per UE capability indication of the maximum number of Discovery Sidelink processes supported
          (**) T/F offset between UE reference timing (e.g., DL timing, UL frequency) and D2D link


Proposal 2: For impact to WAN with D2D/WAN concurrency, the agreed RRM test in R4-152315 for Discovery and Communication is sufficient and no further demodulation tests are required.
(Single D2D Link)

Observation 2: Single D2D link performance requirements are to test the UE receiver performance in fading channels and with time/frequency offset between Tx-Rx UE. 

(Two D2D Links)

Proposal 3: The in-channel selectivity requirement can be derived to be same (or a few dBs higher) than the UE IBE requirement. 

Proposal 4: The in-channel selectivity test can be done using either of the following two setups:

i. Two D2D links on adjacent RBs (that do not lie on DC RBs or IQ image of each other). The power imbalance between the two links can be set as 19.2dB in this case.
ii. Two D2D links that are at least 8 RBs away (and that do not lie on DC RBs or IQ image of each other). The power imbalance between the two links can be set as 30dB in this case.
Observation 3: Receiver processing with respect to channel equalization and time/frequency offset correction per D2D link, and is already verified using single D2D link tests.

Observation 4: The in-channel selectivity performance test with two D2D links is stressed most in AWGN condition. With fading, the power imbalance will have to be set lower than the ICS performance to account for fading variation.
Proposal 5: No time/frequency offset between the two links should be added in the two D2D link test.
(Maximum D2D links)
Observation 5: It is not possible to test maximum number of bits per TTI for D2D communications since 20MHz is not supported in Rel-12 for D2D communication.

(General Considerations)
Proposal 6: D2D demodulation performance requirements for D2D discovery and communication can be specified 5 MHz and 10 MHz channel bandwidth. The 5MHz channel bandwidth test will be applicable to B31.

Observation 6:  D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. 
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