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[bookmark: _Ref298777854]Introduction
In RAN4#74, time offset model issue was raised in [1] and [2]. However, there was no conclusion on how to model the time offset. Time offset model is important for D2D UE demodulation behavior. In this paper, we share our analysis on the time offset model for D2D demodulation requirements. 
Time offset model for D2D demodulation requirements
[bookmark: _Ref416642826]System setup
In Figure 1, one system model for WAN and sidelink transmission and reception is given. In the system, there are two eNBs (eNB1 and eNB2) and two UEs (UE1 and UE2). Each eNB has one UE. UE1 is the D2D transmitter and UE2 is the D2D receiver. 
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[bookmark: _Ref416637116]Figure 1: System model for WAN and sidelink transmission and reception
In the figure, ,  and   represents:
		The propagation delay between eNB1 and UE1
		The propagation delay between  and 
 		The propagation delay between eNB2 and UE2
The system model described in Figure 1 is a general model. In the time offset model analysis, we can tune some parameters to enable the general model to capture the case where the UE1 and UE2 belong to the same eNB or the case where one UE is out of coverage. The details are shown in the following sections. 

According to the timing specification given in 3GPP 36.211, the timing for the side link is given in Figure 2.  The quantity  differs between channels and signals according to




and for frame structure type 1  and  for frame structure type 2 unless stated otherwise. 


[bookmark: _Ref416640374]Figure 2: Sidelink timing relation



If the UE has a serving cell fulfilling the S criterion according to [3, clause 5.2.3.2], the timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink, otherwise the timing of reference radio frame  is implicitly obtained from [4].
Time offset model communication
[bookmark: _Ref416650596]Time offset model for communication mode 1
For communication mode 1, the synchronize signal and PSCCH is transmitted based on DL timing, and PSSCH is transmitted based on uplink timing, as shown in section 2.1. The timing relationship can be described as Figure 3. 
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[bookmark: _Ref416643519]Figure 3: The timing relationship between different channels and different link (including WAN link and D2D link)
In Figure 3, the  represents the time offset for the two different synchronization sources. For different scenarios, the  value may different, it can be given as:
· When UE1 and UE2 are in the same eNB, 
· When UE1 and UE2 are in different eNB and the eNBs are synchronized,  (The value given in 36.133 for TDD system can be set as reference)
· When UE1 and UE2 are in different eNB and the eNBs are asynchronous,  can be any value within +/-0.5 ms. 
· When one of the UE is out of the coverage, the  can be any value within +/-0.5 ms. 
In Figure 3,  represents the synchronization error. According to 36.133,  reflect D2D transmitter timing accuracy. When DL timing is used for D2D transmissions the transmit timing accuracy can be assumed to be equal to the ±12 Ts for BW ≥ 3MHz. 
From Figure 3, we can see that the offset between the received synchronization signal timing and the received PSSCH timing is given by:

The offset between the received signal for WAN link and the received PSSCH is given by:

For , if the site size is 1732m, the  is about 11.5  for the worst case. For , as discussed in the above, the value can be any number within +/-0.5 ms. In the test, 0.5 ms could be considered for some test cases. 
Proposal 1: The time advance for PSSCH compared with SA or synchronization signal () shall be modelled for communication mode 1.  
Proposal 2: The time advance for PSSCH compared with SA or synchronization signal is not necessary within CP, it could be more than CP. As one example, it can be set to 11.5 us for communication mode 1.
Proposal 3: The time offset between the side link and WAN link () can be set as 0.5 ms in some test case for communication mode 1. 

In , we can divide it into two parts:   and   .  is fixed for the same reception node, and  is varied for different transmitter,  and   are given by: 

After simple calculation, we can get:

and 

The maximum  and  can be assumed as the maximum propagation delay within one cell. If the cell size is 1732 m, the maximum propagation delay could be 5.8 us, the range of  could be:
[-6.16 us, 6.16 us]
In this case, extended CP may be the proper configuration. 
If the site size is 500 m, the maximum propagation delay could be 1.67 us and the range of  could be:
[-2.05 us, 2.05 us]
[bookmark: _GoBack]In this case, normal CP may be the proper configuration. This range is corresponding to the range of offset between different side links. In both cases, the above range is in the order of CP. Hence, the time offset between the side links can be set in the order of CP. 
Observation 1: The time offset between the side links for communication mode 1 can be set in the order of CP if the CP is properly configured.

[bookmark: _Ref416710946]Time offset model for communication mode 2
For communication mode 2, all the signals and channels are transmitted based on DL timing as shown in section 2.1. The timing relationship can be described as Figure 3.
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Figure 4: The timing relationship between different channels and different link (including WAN link and D2D link)
Since all the signals and channels are transmitted based on the same timing, the offset between the received synchronization signal timing and the received PSSCH timing is given by:

The offset between the received signal for WAN link and the received PSSCH is given by:

For , it could be:
· When UE1 and UE2 are in the same cell,  is within []
· When UE1 is in out-of-coverage,  could be within [-0.5, +0.5] ms.
· When the eNB are asynchronous,  could be within [-0.5, +0.5] ms
· When the two eNB are synchronized with some accuracy,  could be set as [-3us +3us], it will lead  exceed CP length with high probability. 
To have more general coverage,  could be set as 0.5 ms in some test cases. 
Based on discussion in section 2.2.1, if  and  are given as section 2.2.1, communication mode 2 is just a special case from reception point of view. In order to reduce the test case, we can just use communication mode 1 to verify the UE behavior. 
Observation 2: If the time offsets are properly defined for communication mode 1, the reception behavior for communication mode 2 can be verified as well. 

Similar like section 2.2.1, In , we can divide it into two parts:   and   .  is fixed for the same reception node, and  is varied for different transmitter.  and   are given by:

After simple calculation, we can get:

and

If the cell size is 1732 m, the maximum propagation delay could be 5.8 us, the range of  could be:
[-11.9 us 0.39 us]
If the cell size is 500 m, the maximum propagation delay would be 1.67 us, the range of  could be:
[-3.72 us 0.39 us]
This range is corresponding to the range of offset between different side links. Based on the above analysis, the time offset between the side links can be set in the order of CP.
Observation 3: The time offset between the side links for communication mode 2 can be set in the order of CP if the CP is properly configured. 

Remark on D2D communication 
As described in [5], in practical system, there are multiple scenarios for communication as shown in Table 1. 
[bookmark: _Ref416710515]Table 1: Multiple scenarios for communication 
	Scenarios
	Reception D2D UE
	Transmission D2D UE

	1
	in-coverage
	in-coverage , intra-cell

	2
	in-coverage
	in-coverage , inter-cell, synchronization 

	3
	in-coverage
	in-coverage , inter-cell, un-synchronization

	4
	in-coverage
	out-of-coverage

	5
	out-of-coverage
	in-coverage

	6
	out-of-coverage
	out-of-coverage



If one test case is designed for each scenario, it is really costly. From transmission point of view, there are some differences for Mode 1 and mode 2 communications with respect to resource allocation. However, from reception point of view, the same physical layer procedure for reception is applied for Mode 1 and mode 2 communications if the time offset is set in a general way.  Hence, for UE performance, it may be not necessary to elaborate the tests for all scenarios. Only one scenario is selected for communication. With scenarios 3, the parameters are generalized.  
Proposal 4: The reception procedure is agnostic to the communication mode; scenario 3 can be used for the test setup.

Time offset model for Discovery
For discovery, all the signals and channels are transmitted based on DL timing as discussed in Section 2.1. The timing relationship is similar like communication mode 2, which can be described as Figure 5. 
[image: ]
[bookmark: _Ref416684447]Figure 5: The timing relationship between different channels and different link (including WAN link and D2D link)
Since synchronization signals and the PSDCH follow the same timing (DL timing), Hence, the offset between the received synchronization signal and the received PSDCH is given by:

The offset between the received signal for WAN link and the received PSDCH is given by:

Similar like  described in communication mode 2, for asynchronous network, the value could be within [-0.5, +0.5] ms, and for synchronized network or the case where both UEs are in the same cells, the value may be the order of CP length. 
Proposal 5：In the test cases where the sidelink synchronization signals are transmitted,  could be in the order of 0.5 ms; In the test cases where the sidelink synchronization signals are not transmitted,  could be in the order of CP length. 
When  is in the order of 0.5 ms, w1 could be selected in discSyncWindow. When  is in the order of CP length, w2 could be selected in discSyncWindow. 
For the offset between the sidelinks, similar as observation 3, the time offset between the side links for discovery can be set in the order of CP if the CP is properly configured.
Hence, we suggest:
Proposal 6: The time offset between the side links for communication and discovery can be set in the order of CP if the CP is properly configured.
Conclusion
In this paper, we provide our analysis on the time offset model for D2D demodulation, we have the following proposals:
Proposal 1: The time advance for PSSCH compared with SA or synchronization signal shall be modelled for communication mode 1.  
Proposal 2: The time advance for PSSCH compared with SA or synchronization signal is not necessary within CP, it could be more than CP. As one example, it can be set to 11.5 us for communication mode 1.
Proposal 3: The time offset between the side link and WAN link can be set as 0.5 ms in some test case for communication mode 1. 
Proposal 4: The reception procedure is agnostic to the communication mode; scenario 3 can be used for the test setup.
Proposal 5：In the test cases where the sidelink synchronization signals are transmitted,  could be in the order of 0.5 ms; In the test cases where the sidelink synchronization signals are not transmitted,  could be in the order of CP length. 
Proposal 6: The time offset between the side links for communication and discovery can be set in the order of CP if the CP is properly configured.
In addition to some observations:
Observation 1: If the time offsets are properly defined for communication mode 1, the reception behavior for communication mode 2 can be verified as well. 
Observation 2: If the time offsets are properly defined for communication mode 1, the reception behavior for communication mode 2 can be verified as well. 
Observation 3: The time offset between the side links for communication mode 2 can be set in the order of CP if the CP is properly configured. 
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