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1 Introduction

In the RAN4 #74 meeting, the discussion of D2D demodulation part only covered two issues: REFSENS results and the TA uncertainty issue in communication mode 1. The WF [1] was approved to encourage companies providing more results for D2D REFSENS, and a response LS [2] was also approved which concludes:

· From RAN4 point of view, a UE cannot handle the uncertainty of up to 512.TS as opposed to a timing uncertainty of 16.TS with a reasonable UE implementation without reception performance degradation.

With the LS, RAN1 increased the information bit from 6 to 11 for the TA indicated in SA.

In this contribution, we would discuss the modeling of time-frequency offset between D2D communication/discovery connection and D2D synchronization connection for D2D demodulation requirements. And accordingly, the UE behaviors of whether/how to handle the time-frequency offset are also discussed.
2 Background
In this section, we would like to review the different scenarios and synchronization source on RAN1 agreements. 
Generally, there are two time-frequency synchronization sources for D2D reception UE, the serving cell eNB or the D2D transmission UE who is transmitting SSSS/PSSSS. Only if the D2D TX and RX UEs are served in the same cell, then the reception UE could achieve the time-frequency synchronization with eNB, otherwise it should relay on the SSSS/PSSS.

The following table provides a summary on how to perform synchronization for D2D reception UE in different scenarios. 
Table 1. Summary of different D2D scenarios
	Scenarios
	D2D TX UE
	Presence of D2DSS for TX UE
	D2D RX UE
	Synchronization source of reception UE

	1. Intra-cell
	In coverage
	No
	In coverage, same cell
	eNB

	2. Inter-cell synchronization
	In coverage
	Yes
	In coverage, another cell
	D2D TX UE

	3. Inter-cell unsynchronization
	In coverage
	Yes
	In coverage, another cell
	D2D TX UE

	4. Partial coverage
	In coverage
	Yes
	Out-of-coverage
	D2D TX UE

	5. Out of coverage
	Out of coverage
	Yes
	Out of coverage
	D2D TX UE


Considering different scenarios, for the purpose of indicating the time-frequency offset in demodulation requirements, we would like to have a clarification on the definition of time-frequency offset 
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 for demodulation requirements in different scenarios.  With respect to a feasible demodulation test and not involving uncertainty, when the D2D reception UE is in-coverage, the time-frequency offset could be defined as the values between the received D2D signal and the serving cell signal; and when the D2D reception is out-of-coverage, there is no need to define the time-frequency offset.
Proposal 1: For the purpose of setting the D2D demodulation requirements, from the reception point of view, the time-frequency offset could be defined between the received D2D signal and the received serving cell DL signal.

Additionally, it should be mentioned that time-frequency synchronization with different synchronization sources (eNB or D2D TX UE) would perform differently, and then results in synchronization errors, donated as 
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.  These synchronization errors will not only affect the TX-timing used by D2D transmission UE and then enlarge the time-frequency offset observed by D2D reception UE, but also lead to performance degradation due to inaccurate synchronization information used by D2D reception UE. 
3 Time-frequency offset when synchronization on eNB
3.1 Time-offset
Our previous contribution [3] had discussed the time-offset modeling for intra-cell scenarios, and [4] also discussed these issues. Since RAN1 has increased the number of TA bits in SCI format 0 from 6 to 11 with 16Ts granularity [5][6], so it could be assumed that the D2D reception UE could clearly know the time-advanced used by transmission UE, so the time-offset issues of mode 1 with UL timing is comparable with the one of mode 2. So, in this section, we would like to further emphasize the time-offset issues for intra-cell scenarios.
Figure 1 illustrates the origin of time-offset observed by D2D reception UE, it could be achieved that the value of time-offset 
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And also, considering the different allocation of eNB/UE1/UE2, the following relationship among 
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So, the range of 
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could be deduced as:
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Figure 1. D2D receive time offset model for DL transmit timing case (adopted from R4-150156)
It could be deduced from the above illustration that:

· Due to different location of D2D RX/TX UE, observed by D2D receptions UE, compared with DL-timing, assuming 
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of D2D signal would be within 
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, which means the maximum time-offset depends on the distance between D2D TX/RX UEs and different allocation of them.
· As the D2D reception UE couldn’t  achieve synchronization with D2DSS, so from the reception point of view, as the D2D signal would arrival just aligned with the DL Rx timing (when 
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), so D2D reception UE should set the reception windows (FFT sampling) just according to it’s own DL-timing
Based on the above discussion, the UE behaviour of receiving DL-timing based transmission is that a D2D reception UE shall use own DL-timing to perform D2D receptions, and shall realize a time-delay may exist depending transmission  distance.
Observation 1: For the intra-cell scenarios, regarding the UE behaviour, the reception UE shall use its DL-timing as reception timing and realize a time-delay may exist.
Regarding the issues that the maximum time delay 
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might exceed the CP length, generally, there are several candidate UE implementations, which are:

· UE behaviour 1: the reception UE could always assume the time-offset between D2D signal arriving and DL-timing is within [0 CP].

· The reception UE is not required and may fail to perform correct reception for the signal after CP range.
· RAN4 should have an agreement to justify this behavior, so that the eNB/D2D TX UE would take the responsibility to ensure the reception performance, such as by using proper CP length for target D2D coverage
· UE behaviour 2: the D2D reception UE is required to perform correct reception on the signals after CP region. 
· Corresponding UE implementation would be applied, such as multiple-FFT might be needed depending on the maximum timing-offset or different implementation on channel estimation.
· RAN4 should pre-define the required maximum time-offset.
· RAN4 should have demodulation requirements to verify this behavior, so that the eNB/D2D TX UE clearly expect the reception performance.  
Further more, based on the UE behaviour1, with respect to keeping the time-offset of D2D signal within CP region, it’s expected the maximum D2D coverage for different CP length would be:

	CP length (
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	maximum coverage (distance between UE1 and UE2)

	144*Ts
	4.6875us
	703m

	512*Ts
	16.667 us
	2500m


In our opinion, RAN4 shall have a clear instruction on the above UE behaviour, for the purpose of giving instruction for UE implementation, defining the timing-offset value for demodulation requirement, and so on.
Based on the above discussion, we propose that:

Proposal 2: RAN4 shall clarify the UE behaviour on how to handle the time-offset when intra-cell scenarios, and then determine the time-offset value in demodulation requirements:

· UE behaviour 1: the reception UE could always assume the time-offset between D2D signal arriving and DL-timing will always be within [0 CP]
· UE behaviour 2: the D2D reception UE is also required to perform correct reception on the signals after CP region
And regarding the time-offset value in demodulation requirements, we propose that:

Proposal 3: For demodulation requirement in intra-cell scenarios, the time-offset value should be adopted from 
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· The “time-offset” means the timing-bias between received D2D signal time and DL RX time.

· The value of 
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 would depend on the RAN4’s agreement on the UE behaviour
3.2 Frequency-offset
For intra-cell scenarios, the D2D transmission UE would perform the D2D transmission based on its own time-frequency synchronization with eNB. From the D2D reception point of view, considering the implementation of an inaccurate frequency-synchronization,  the frequency offset between the received D2D signal and the serving cell signal would be 
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Proposal 4: For demodulation requirement in intra-cell scenarios, the frequency-offset value should be adopted from 
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 means the frequency-synchronization error on eNB.
4 Time-frequency offset when synchronization on D2D

The issues of time-frequency offset when synchronization on D2D is different from the one when synchronization on eNB, as the D2D reception UE would directly achieve the time-frequency synchronization by D2DSS, and the time-frequency error between received D2D signal and Synchronization source would only depend on the accuracy of D2DSS based synchronization and not relay on the time-frequency offset between received D2D signal and serving cell signal. 
Based on the above fact, it should be clarified that:

· For the purpose of setting the demodulation requirements, the time-offset between the received D2D signal and serving cell signal should be clarified for different scenarios.

· The above mentioned time-frequency offset will not affect the demodulation performance, just for the purpose of indicating different scenarios and completing a whole test setup.
· The synchronization error based on D2DSS should also be clarified.
· The demodulation performance for alignment should also take this synchronization error into consideration.
With respect to these, we propose that:

Observation 2: For the demodulation requirements in which the synchronization source is D2DSS, it should be clarified that:

· The time-offset between the received D2D signal and serving cell signal should be clarified for different scenarios for the purpose of setting an entire whole demodulation requirement.

· The synchronization error based on D2DSS should be defined and taken into the demodulation performance.
In the following, we would like to provide our views on the time-frequency offset regarding the different scenarios in Table 1:

	Scenarios
	D2D TX UE
	Presence of D2DSS for TX UE
	D2D RX UE
	Synchronization source of reception UE

	1. Intra-cell
	In coverage
	No
	In coverage, same cell
	eNB

	2. Inter-cell synchronization
	In coverage
	Yes
	In coverage, another cell
	D2D TX UE

	3. Inter-cell unsynchronization
	In coverage
	Yes
	In coverage, another cell
	D2D TX UE

	4. Partial coverage
	In coverage
	Yes
	Out-of-coverage
	D2D TX UE

	5. Out of coverage
	Out of coverage
	Yes
	Out of coverage
	D2D TX UE


· For scenarios 2, if reception D2D UE and transmission D2D UE are allocated in adjacent synchronization cells, then the a small time offset such as less than CP could be assumed between two UE, meanwhile, due to the frequency offset of two eNB, the frequency offset would also exist. For example, in the legacy R.11 FeICIC demodulation performance for example, for inter synchronization cells, the parameters of time-frequency offset are [3us 300Hz] and [-1us -100Hz] for the 1st and 2nd strong interference cells.

· For scenarios 3, if un-synchronization cases, a large time-offset would exist, such as x ms, and also the frequency offset would also exist, for example 300Hz.

· For scenarios 4/5, as the reception D2D UE is out-of-coverage, so there isn’t necessary to define the time-frequency offse values. 
Proposal 5: For demodulation requirement in non-intra-cell scenarios, as the D2D reception UE would achieve time-frequency synchronization based on D2DSS, the time-frequency offset could be:

· In synchronization inter-cell in-coverage scenarios, time and frequency offset could be, for example, [xus 300Hz]

· In un-synchronization inter-cell in-coverage scenarios, time and frequency offset could be, for example, [xms 300Hz]

5 Conclusion
In this contribution, we discuss the time-frequency modelling and the issues of how to handle the time-offset when intra-cell scenarios, based on our discussion, we propose that:

Observation:

Observation 1: For the intra-cell scenarios, regarding the UE behaviour, the reception UE shall use its DL-timing as reception timing and realize that a time-delay may exist.

Observation 2: For the demodulation requirements in which the synchronization source is D2DSS, it should be clarified that:

· The time-offset between the received D2D signal and serving cell signal should be clarified for different scenarios for the purpose of setting an entire whole demodulation requirement.

· The synchronization error based on D2DSS should be defined and taken into the demodulation performance.
Proposal:

Proposal 1: For the purpose of setting the D2D demodulation requirements, from the reception point of view, the time-frequency offset could be defined between the received D2D signal and the received serving cell DL signal.

Proposal 2: RAN4 shall clarify the UE behaviour on how to handle the time-offset when intra-cell scenarios, and then determine the time-offset value in demodulation requirements:

· UE behaviour 1: the reception UE could always assume the time-offset between D2D signal arriving and DL-timing will always be within [0 CP]
· UE behaviour 2: the D2D reception UE is also required to perform correct reception on the signals after CP region
Proposal 3: For demodulation requirement in intra-cell scenarios, the time-offset value should be adopted from 
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· The “time-offset” means the timing-bias between received D2D signal time and DL RX time.

· The value of 
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 would depend on the RAN4’s agreement on the UE behaviour
Proposal 4: For demodulation requirement in intra-cell scenarios, the frequency-offset value should be adopted from 
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 means the frequency-synchronization error on eNB.
Proposal 5: For demodulation requirement in non-intra-cell scenarios, as the D2D reception UE would achieve time-frequency synchronization based on D2DSS, the time-frequency offset could be:

· In synchronization inter-cell in-coverage scenarios, time and frequency offset could be, for example, [xus 300Hz]

· In un-synchronization inter-cell in-coverage scenarios, time and frequency offset could be, for example, [xms 300Hz]
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