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1. Introduction

In this contribution, we discuss the UE receiver behavior in various D2D scenarios. A common understanding in this aspect is required to: (a) define the simulation assumptions and test configurations, and (b) to determine the right assumptions that the receiver will make on the expected time and frequency offsets (e.g., for correctly setting the FFT window).
The focus on this paper is on single D2D link performance requirements. In each operating scenario (intra-cell / inter-cell / synch and asynch), the effort is to identify the UE behavior on the following aspects:
· Rx timing reference 

· Assumption on timing error between reference and D2D transmission

· Rx frequency reference

· Assumption on frequency error between reference and D2D transmission
The paper is organized as follows:

· Section 2 discusses some general UE behavior aspects common to all in-coverage scenarios

· Section 3 discusses the details specific to D2D Discovery

· Section 4 discusses the details specific to D2D Communication

2. UE behavior common to all scenarios
In this section, we first present some discussion that is common to all scenarios, and then go over scenario specific details in the latter sections. 

Rx frequency reference: Common to all in-coverage scenarios is the discussion on the frequency reference. In all cases, the frequency reference the UE uses should be based on the serving cell frequency. This should be the baseline UE implementation assumption, and further frequency synchronization based on SLSS (if available) should not be assumed for defining the minimum performance requirements. 

Rationale for always using serving cell frequency for Rx frequency reference (at least for minimum performance requirements) is because the SLSS based frequency synchronization is prone to larger errors compared to serving cell frequency synchronization due to: 

i. Frequency error performance with SLSS will be inferior to serving cell frequency reference, particularly for Discovery, wherein single shot frequency estimation based on SLSS can be done.

ii. SLSS source can frequently be different from the D2D Tx source, and the error between the reference frequency and D2D transmissions at the receiver will be larger (0.3ppm compared to 0.2ppm) even in intra-cell scenarios.

For these reasons, Rx frequency reference should be based on serving cell in all in-coverage D2D scenarios. Of course, the UE is free to perform further frequency synchronization from SLSS (if available and if the UE feels it will help D2D reception), but assuming this as the baseline assumption will lead to inferior performance.


Proposal 1: Serving cell frequency should be used as the D2D Rx frequency reference in all in-coverage scenarios.
In all scenarios, the UE will perform post-FFT timing and frequency offset estimation and compensation for reception of the desired D2D transmission (PSDCH, PSCCH). 
Proposal 2: The UE should perform post-FFT timing and frequency offset estimation and compensation for reception of the desired D2D transmission.
3. D2D Discovery
In the last meeting, one of the way forwards under discussion (not approved) was R4-152397 that discussed the UE behavior in different scenarios on Slide 6 (for Discovery) and Slide 7 (for Communication). Based on the WF, the different operating scenario under discussion for D2D Discovery were:

· Intra-cell

· Inter-cell synchronous with common pool

· Inter-cell synchronous with non-overlapping pools

· Inter-cell asynchronous

In this section, we discuss all these scenarios and identify the UE behavior under each scenario. 
3.1. Analysis for each operating scenario
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Intra-cell Discovery

Timing reference: Serving cell should be used as the Rx timing reference.
Time and frequency offset: In intra-cell discovery scenario, the time and frequency error can be derived as in R4-151872.
· Timing error can be bounded as [R4-150098]
· 
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· Tprop is the propagation time between the Tx and Rx UE,
· Te is the timing error requirements (12Ts)
· It is reasonable to assume that the timing error will be within (CP/2 – delay spread) [R4-150098, R4-150156]
· Frequency error can be bounded to be within 0.2 ppm (0.1 ppm * 2).
For the timing error, there are two important caveats in the derivation of timing error 
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. 
· Caveat 1: This is based on idealistic assumption of LOS paths from eNodeB to the Tx UE / Rx UE, and Tx UE to Rx UE. Of course, in most cases, even with NLOS paths, it can be expected that the timing error for intra-cell scenario is more biased in the positive direction, i.e., [-T1 T2], such that |T2| > |T1|, T1 + T2 = CP – delay spread. [R4-150156] 
Comment on [0 CP] vs [-CP/2 CP/2]: We note that in prior meetings there were proposals that the UE assumption on timing offset should be [0 CP] in intra-cell scenario. This will imply that the FFT window at the Rx UE can be set as [CP, N+CP] for best performance. Even with the consideration of Caveat 1 alone, such a UE behaviour will likely experience quite degraded performance in practice since [0 CP] is idealistic – LOS paths and Te = 0 -- and negative offsets will lead to not capturing the entire signal in the FFT window.
· Caveat 2: More importantly, it should be noted that in most likely NW configurations, the D2D UE cannot distinguish intra-cell only from intra-cell + inter-cell synchronous scenario. In synchronous networks, the practical NW configuration will be to send one discovery pool (common) that is common in all cells. The D2D Rx UE has no way to distinguish that the discovery pool is being only by its own cell (intra-cell only) or also by neighbour cells. In this light, the Rx UE assumption cannot be based on intra-cell only case, but rather needs to be based on the worse-case between intra-cell only and inter-cell synchronous cases. 
Observation 1: In most practical NW configurations for synchronous network, the UE will not be able to distinguish whether the pool indicated by its serving cell is used exclusively by intra-cell UEs, or also by neighbour cell UEs. 

Inter-cell synchronous with common pool
This is the most practical configuration for a synchronous network, i.e., one common pool (in discRxPool-r12) that is shared by each serving cell, and is signaled identically by all the cells. Note that the NW is not required to indicate all the neighbor cells using this same pool (in rxParamsNCell-r12) in this case. It is due to this reason that, as pointed out in Caveat 2 above, this scenario is indistinguishable from the intra-cell only configuration by the serving cell. 
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Timing reference: Serving cell should be used as the Rx timing reference.

Time and frequency offset: In inter-cell synchronous scenario, the time and frequency error can be derived as in R4-151872.

· Timing error can be bounded as

· 
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· This depends on the deployment due to both TBS-BS (timing error between eNBs) and (TTx-TRx) as the difference in DL timing between the Tx and Rx UEs based on their respective distance from their eNBs.
· If the timing error is not within CP, the network can configure additional synchronization mechanism (e..g, discsynchwindow = w1), or use ECP.

· Thus, it is still reasonable to assume that the timing error will be within (CP/2 – delay spread) and thus UE is not expected to further align its timing for D2D reception.
· Frequency error can be bounded to be within 0.2 ppm + 0.1 ppm (local area BS-BS) = 0.3ppm
Inter-cell synchronous with non-overlapping pools
Timing Reference: There were two options discussed in the last meeting for timing reference in this case: (a) serving cell, or (b) neighbor cell. It should be noted that neighbor cell may not always be detectable in this case. Further note that the resources of neighbor cell are signaled with respect to SFN#0 of the serving cell. Hence the minimum performance cannot be based on the assumption on neighbor cell, and should be based on the serving cell as the timing reference.
For the purpose of test, it can be discussed if neighbor cell (Cell 2) is also introduced in the test. The minimum performance, however, should assume that the UE uses the timing and frequency reference from its serving base station. 
Given the timing reference as the serving cell, the timing and frequency offsets are the same as discussed above. 
Observation 2: For inter-cell synchronous scenario, neighbor cell should not be used the reference timing for the purpose of minimum performance requirements since the neighbor cell is not guaranteed to be detectable in practice.

Inter-cell asynchronous 
Timing Reference: Given the RAN1 design, it is clear that the reference timing is based on the SLSS associated with the discovery pool. 
[image: image9.emf]T

prop

T

Tx

T

Rx

TX UE

RX UE

Time and frequency offset: In inter-cell asynchronous scenario, the time and frequency error can be derived as in R4-151872. This is the timing error between the SLSS source and the D2D Tx UE, as received at the Rx UE.
· Timing error can be bounded as

· If the Tx source is the same as synchronization source, then 
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· If the Tx source is different from the synchronization source, then 
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· It is still reasonable to assume that the timing error will be within (CP/2 – delay spread).
· Frequency error can be bounded to be within 0.3 ppm (with local area BS-BS).
Discussion topics for test setup of Inter-cell asynchronous: 
· For asynchronous discovery, it should be also noted that the resource pools for neighbor cells cannot be overlapping (including synchronization window of w1) with each other and with the serving cell pool, if configured. This is because RAN1 agreed that UE can use a single FFT window, and with overlapping asynchronous resource pools, the UE is free to choose any one of the reference timing for reception and will drop the other pools. Thus to test asynchronous discovery, it is proposed only a single neighbor cell pool be signaled with synchronization window of w1, and no serving cell pool should be configured.
· For asynchronous discovery the setup should ensure that latency requirements for SLSS search from neighbor cell is provided. The UE may take a few discovery periods to acquire the neighbor cell timing from the SLSS (e.g., due to AGC training). Hence for asynchronous discovery, the test setup should ensure that at least N discovery periods maybe required by the UE to successfully search for the SLSS being transmitted from the UEs in the neighbor cell. N can be derived from the SyncRef UE selection/reselection requirement in RRM as: 2% * 20sec/40ms = 10. Alternatively, if the operating conditions differ that the RRM tests, N can be chosen to be fixed – but at least two or more discovery periods will be required.
3.2. Summary

Following is the summary of the analysis presented above. This provides guidance on the simulation assumptions (e.g., timing offsets) and the expected UE behavior (e.g., w.r.t. setting FFT window). 
Proposal 3: Agree on the following assumptions on UE behavior for D2D Discovery in different scenarios.

Table 1: Assumptions on UE behaviour for D2D discovery

	Operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell only (Note 3)
	Serving cell
	[-24Ts CP-24Ts] (Note 3)
	[0 0.2ppm] (Note 3)

	Inter-cell synchronous with overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell synchronous with non-overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with discovery pool
	b/w SLSS and serving cell:

[-5ms 5ms]

b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSDCH:
[0 0.3ppm]

b/w SLSS and PSDCH

[0 0.2ppm] 


	Note 1: Rx frequency reference is serving cell in all cases

Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spreads.

Note 3: Intra-cell is not distinguishable from Inter-cell synchronous with overlapping pools at the Rx UE. Hence the worst-case assumption should be made.


3.3. Minimum set scenarios for test purpose
Based on the summary above in Table 1, we can collapse the different operating scenarios into two distinct test scenarios are needed to provide full coverage. We propose this set should be considered for test purpose.
Proposal 4: The following minimum set should be considered for D2D Discovery test purpose.
Table 2: Minimum set of scenarios for D2D discovery test purpose

	Applicable operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell / Inter-cell synchronous
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with discovery pool
	b/w SLSS and serving cell:

[-5ms 5ms]

b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSDCH:
[0 0.3ppm]

b/w SLSS and PSDCH

[0 0.2ppm] 


	Note 1: Rx frequency reference is serving cell in all cases

Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spread.


4. D2D Communication

The discussion on D2D Communication can leverage most of the discussion presented for D2D Discovery in Section 3. Given the same timing reference, the analysis on the time offset will remain the same. The frequency reference for in coverage should be the serving cell (as discussed in Proposal 1) and the frequency offsets in various scenarios remains the same. The only additional scenario for D2D communication is OOC, and we will present the discussion below.
To leverage the analysis done on D2D Discovery, we note the following differences and discussion points:

· Timing reference for PSSCH: For PSSCH, the timing reference is PSCCH timing – TA received in PSCCH.

· Inter-cell asynchronous networks needs additional discussion since no explicit signaling is present to indicate if the UE should assume synchronous ([-CP/2 CP/2] ambiguity window) or asynchronous ([-20ms 20ms] ambiguity window) in the synch resources for neighbor cells.

· It was also discussed in prior meetings whether UE should use SLSS always (intra-cell / inter-cell) for timing reference. 

· OOC operation

We start with the general aspects mentioned above and then go into the scenario specific discussion.
Should SLSS be the timing reference for intra-cell / inter-cell synchronous as baseline UE behavior? Our view is No; the UE should use serving cell timing as reference. There are two fundamental problems if the baseline assumption is SLSS based timing reference:
a) The network will be forced to always configure SLSS, which may not be at all required if the network wants to enable only in coverage communications in a synchronous network.

b) It is not correct to assume that using SLSS timing as reference will always be beneficial for D2D performance. Note that the SLSS source can be (and will also likely be) different than the D2D Tx UE. Consider a case where the network has configured RSRP based SLSS transmissions, thus D2D UEs at the edge of the cell will be transmitting SLSS. Then consider a D2D Tx – Rx pair that are close to the base station. If the Rx UE chooses SLSS as timing reference, it will see a large timing offset when receiving the D2D Tx UE that is in its close proximity. So the performance will be inferior to when serving cell is used as timing reference.
It is also important to note that SLSS transmissions can be ceased if the SLSS UE is not transmitting SA/Data, or in case of conflict with WAN UL. Thus SLSS by itself may not be a reliable source in all cases. In cases when it’s important, i.e., timing propagation to out-of-coverage and for asynchronous networks, the network has to make sure that the density of UEs transmitting SLSS is appropriate for the desired performance. This type of consideration is not required for intra-cell / inter-cell synchronous cases – and the network will be forced into it if we assume the baseline to be SLSS based timing reference.

Hence the minimum performance requirements have to be based on the baseline assumption of serving cell as timing reference.

Observation 3: For intra-cell and inter-cell synchronous D2D communication, the baseline UE assumption on timing reference should be the serving cell.

Inter-cell synchronous vs asynchronous for D2D communication: Unlike D2D Discovery, the neighbor cell resources for D2D communication are not tagged with the synchronization widow UE should assume. This means (a) the synchronization window is the entire 40ms SLSS period, i.e., [-20ms 20ms], and (b) the UE needs to determine if the UE should use serving cell (for synchronous) or SLSS (for asynchronous) as timing reference.
For (b) above, many UE implementations are feasible. For example:

· Implementation 1: The UE may perform SLSS detection, and timing offset between SLSS and serving cell is within [-CP/2 CP/2], then it may choose serving cell as timing reference. 

· Implementation 2: Assume synchronous network and try to decode SA/Data on the network indicated resources. If it succeeds, continue to Rx SA/Data. If decode is not successful, then decide to acquire SLSS timing and decode using SLSS timing as reference.

In either of these cases, we can thus assume that UE will resort to serving cell as timing reference for synchronous, and SLSS as timing reference for asynchronous inter-cell D2D reception.
With the above discussion, we go over the different operating scenarios.
Intra-cell and Inter-cell synchronous D2D Communication

The discussion and conclusions for the corresponding scenarios for D2D Discovery apply (as discussed above).

Inter-cell asynchronous D2D Communication
The discussion and conclusions for the inter-cell asynchronous scenario for D2D Communication apply. The only difference in the timing offset assumption between the serving cell and SLSS is [-20ms 20ms] for D2D communication.
OOC D2D Communication
The OOC coverage case is similar to the inter-cell asynchronous D2D Communication case. 
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Timing reference: The UE will use SLSS as timing reference, which may or may not be from the same UE transmitting the desired D2D communication transmissions (PSCCH/PSSCH).

Frequency reference: SLSS is used as a frequency reference for OOC. The error requirements are 0.1ppm w.r.t. to SyncRef UE transmitting SLSS.

Time offset: (Same as inter-cell asynchronous)
· Timing error can be bounded as

· If the Tx source is the same as synchronization source, then 
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· If the Tx source is different from the synchronization source, then 
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· It is still reasonable to assume that the timing error will be within (CP/2 – delay spread).
· Frequency error can be assumed to be within 0.2 ppm.
4.1. Summary

Following is the summary of the analysis presented above. This provides guidance on the simulation assumptions (e.g., timing offsets) and the expected UE behavior (e.g., w.r.t. setting FFT window). 

Proposal 5: Agree on the following assumptions on UE behavior for D2D Communication in different scenarios.

Table 3: Assumptions on UE behaviour for D2D discovery

	Operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell only (Note 3)
	Serving cell
	[-24Ts CP-24Ts] (Note 3)
	[0 0.2ppm] (Note 3)

	Inter-cell synchronous with overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell synchronous with non-overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with communication pool
	b/w SLSS and serving cell:

[-20ms 20ms]

b/w SLSS and PSCCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSCCH/PSSCH:
[0 0.3ppm]

b/w SLSS and PSCCH/PSSCH
[0 0.2ppm] 


	Out-of-coverage
	SLSS from SyncRef UE 
(also for frequency reference)
	b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w SLSS and PSCCH/ PSSCH
[0 0.2ppm]

	Note 1: Rx frequency reference is serving cell in all in-coverage cases, and is the SyncRef UE (SLSS) for OOC.
Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spreads.

Note 3: Intra-cell is not distinguishable from Inter-cell synchronous with overlapping pools at the Rx UE. Hence the worst-case assumption should be made.
Note 4: PSSCH timing reference is PSCCH timing reference – TA received in PSCCH. 


4.2. Minimum set scenarios for test purpose

Based on the summary above in Table 3, we can collapse the different operating scenarios into two distinct test scenarios are needed to provide full coverage. We propose this set should be considered for test purpose.

Proposal 6: The following minimum set should be considered for D2D Communication test purpose.
Table 4: Minimum set of scenarios for D2D Communication test purpose

	Applicable operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell / Inter-cell synchronous
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous (Note 4)
	SLSS on resource associated with communication pool
	b/w SLSS and serving cell:

[-20ms 20ms]

b/w SLSS and PSCCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSCCH/PSSCH:
[0 0.3ppm]

b/w SLSS and PSCCH/PSSCH
[0 0.2ppm] 


	Out-of-coverage
	SLSS from SyncRef UE 
(also for frequency reference)
	b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w SLSS and PSCCH/ PSSCH
[0 0.2ppm]

	Note 1: Rx frequency reference is serving cell in all in-coverage cases, and is the SyncRef UE (SLSS) for OOC.
Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spread.
Note 3: PSSCH timing is PSCCH timing – TA received in PSCCH.

Note 4: Resources for only one neighbor cell D2D communication resources should be signaled, and no serving cell resources should be configured.


5. Conclusions

In this paper, we presented our proposals on UE behavior assumption that can be adopted to define the D2D demodulation performance requirements.
(General)

Proposal 1: Serving cell frequency should be used as the D2D Rx frequency reference in all in-coverage scenarios.
Proposal 2: The UE should perform post-FFT timing and frequency offset estimation and compensation for reception of the desired D2D transmission.
(D2D Discovery)

Observation 1: In most practical NW configurations for synchronous network, the UE will not be able to distinguish whether the pool indicated by its serving cell is used exclusively by intra-cell UEs, or also by neighbour cell UEs. 

Observation 2: For inter-cell synchronous scenario, neighbor cell should not be used the reference timing for the purpose of minimum performance requirements since the neighbor cell is not guaranteed to be detectable in practice.

Proposal 3: Agree on the following assumptions on UE behavior for D2D Discovery in different scenarios.

Table 5: Assumptions on UE behaviour for D2D discovery

	Operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell only (Note 3)
	Serving cell
	[-24Ts CP-24Ts] (Note 3)
	[0 0.2ppm] (Note 3)

	Inter-cell synchronous with overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell synchronous with non-overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with discovery pool
	b/w SLSS and serving cell:

[-5ms 5ms]

b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSDCH:
[0 0.3ppm]

b/w SLSS and PSDCH

[0 0.2ppm] 


	Note 1: Rx frequency reference is serving cell in all cases

Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spreads.

Note 3: Intra-cell is not distinguishable from Inter-cell synchronous with overlapping pools at the Rx UE. Hence the worst-case assumption should be made.


Proposal 4: The following minimum set should be considered for D2D Discovery test purpose.
Table 6: Minimum set of scenarios for D2D discovery test purpose

	Applicable operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell / Inter-cell synchronous
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with discovery pool
	b/w SLSS and serving cell:

[-5ms 5ms]

b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSDCH:
[0 0.3ppm]

b/w SLSS and PSDCH

[0 0.2ppm] 


	Note 1: Rx frequency reference is serving cell in all cases

Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spread.


(D2D Communication)
Observation 3: For intra-cell and inter-cell synchronous D2D communication, the baseline UE assumption on timing reference should be the serving cell.

Proposal 5: Agree on the following assumptions on UE behavior for D2D Communication in different scenarios.

Table 7: Assumptions on UE behaviour for D2D discovery

	Operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell only (Note 3)
	Serving cell
	[-24Ts CP-24Ts] (Note 3)
	[0 0.2ppm] (Note 3)

	Inter-cell synchronous with overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell synchronous with non-overlapping pools
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous 
	SLSS on resource associated with communication pool
	b/w SLSS and serving cell:

[-20ms 20ms]

b/w SLSS and PSCCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSCCH/PSSCH:
[0 0.3ppm]

b/w SLSS and PSCCH/PSSCH
[0 0.2ppm] 


	Out-of-coverage
	SLSS from SyncRef UE 
(also for frequency reference)
	b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w SLSS and PSCCH/ PSSCH
[0 0.2ppm]

	Note 1: Rx frequency reference is serving cell in all in-coverage cases, and is the SyncRef UE (SLSS) for OOC.
Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spreads.

Note 3: Intra-cell is not distinguishable from Inter-cell synchronous with overlapping pools at the Rx UE. Hence the worst-case assumption should be made.
Note 4: PSSCH timing reference is PSCCH timing reference – TA received in PSCCH.


Proposal 6: The following minimum set should be considered for D2D Communication test purpose.
Table 8: Minimum set of scenarios for D2D Communication test purpose

	Applicable operating Scenario
	Rx timing reference
	Timing offset range assumption (Note 2)
	Frequency offset range assumption w.r.t serving cell

	Intra-cell / Inter-cell synchronous
	Serving cell
	[-CP/2+12Ts CP/2-12Ts]
	[0 0.3ppm]

	Inter-cell asynchronous (Note 4)
	SLSS on resource associated with communication pool
	b/w SLSS and serving cell:

[-20ms 20ms]

b/w SLSS and PSCCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w serving cell and SLSS/PSCCH/PSSCH:
[0 0.3ppm]

b/w SLSS and PSCCH/PSSCH
[0 0.2ppm] 


	Out-of-coverage
	SLSS from SyncRef UE 
(also for frequency reference)
	b/w SLSS and PSDCH:

[-CP/2+12Ts CP/2-12Ts]
	b/w SLSS and PSCCH/ PSSCH
[0 0.2ppm]

	Note 1: Rx frequency reference is serving cell in all in-coverage cases, and is the SyncRef UE (SLSS) for OOC.
Note 2: Timing offset range ignores delay spread. Simulation assumptions should account for channel delay spread.
Note 3: PSSCH timing is PSCCH timing – TA received in PSCCH.

Note 4: Resources for only one neighbor cell D2D communication resources should be signaled, and no serving cell resources should be configured.
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