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1 Introduction

In the RAN4 #74bis meeting, there were many discussion the UE synchronization behaviour and time-frequency offset modelling in [2][3][4][5], while there hadn’t reached common understanding on those, WF [1] captured general descriptions on assumptions for D2D demodulation requirements but was not approved. 

So, in this contribution, we would like to provide analysis and proposals on the UE synchronization behaviour and time-frequency offset.
2 Background
With respect to different procedure for D2D discovery and communication, such as the w1/w2 is only valid for discovery but un-specified for communication, we would like to summarize different cases for communication and discovery separately in Table 1 and table 2, and then provide the analysis on the default UE behavior and time-frequency offset modeling in section 3 and section 4. 

As the D2D UE reception could not be aware the deployment scenarios directly, but perform the default behavior only relying on the high-layer signal and guidance in specification, so , the different cases in Table 1 and 2 are defined when the resource pool is configured in this subframe.

Table 1. Different cases for D2D discovery when the “SL-DiscRxPoolList-r12” is configured in given subframe
	Cases
	how many
“SL-DiscRxPoolList-r12”
is configured in ?
	Whether 

“SL-syncConfigIndex-r12”
 is configured ?
	What’s the
 configuration of

“discSyncWindow-r12” ?

	1
	1
	No
	-

	2
	1
	Configured
	w2 (+-CP/2)

	3
	1
	Configured
	w1 (5ms)

	4
	>1
	TBD
	TBD


Table 2. Different cases for D2D Communication when the “SL-CommRxPoolList-r12” is configured in given subframe
	Cases
	how many

“SL-CommRxPoolList-r12”
is configured in ?
	Whether 

“SL-SyncConfigList-r12”
 is configured ?

	1
	1
	No

	2
	1
	Configured

	3
	>1
	TBD


3 Discovery
In this section, we would like to clarify the UE synchronization behavior and time-frequency offset modeling for discovery with respect to each cases listed in table 1:

Case 1: 
In this case, as the “syncConfigIndex-r12” will not be indicated in given RX resource pool, which means there isn’t any sidelink synchronization signal (SLSS) transmitted in this RX resource pool, so, the D2D reception UE could assume this is a typical intra-cell scenario.

According to our previous analysis in of intra-cell scenario in [3], the default UE behavior could be:
· Reference receiving timing:
serving cell signal

· Reference receiving frequency:
serving cell signal

· Expected time offset between received PSDCH and Reference RX timing: [0 CP]

· Expected frequency offset: frequency synchronization error, such as +/- 10Hz
Regarding the time-offset, some companies has another proposal on [-CP/2 CP/2], while based on our analysis, such kinds of assumption is not realistic in intra-cell network, and not verify the maximum coverage of D2D reception. 
Case 2: 

In this case, the “syncConfigIndex-r12” is indicated and related “discSyncWindow-r12” is indicated as “w2”, which means “The UE may assume that PSDCH of UE in cell c is received within a reference synchronization window of size +/-w2 ms with respect to the discovery resource of cell c indicated by higher layers”. Based on description of specification 36.213, UE doesn’t have to keep synchronization with SLSS, and only assume +-CP/2 time offset between PSDCH and serving cell downlink timing. 
As mentioned by some companies that a synchronization network may only configure a common resource pool as case 2, and D2D reception UE would be able to receive the signals from intra-cell and inter-cell scenarios. So, with respect to an inter-cell synchronization scenario/or mixed intra-cell and inter-cell scenarios, due to the SFN transmission of SLSS, there would be some time-offset of PDSCH signal with respect to SLSS. So, the default UE behavior could be:

· Reference receiving timing:
serving cell signal
· Reference receiving frequency:
serving cell signal

· Expected time offset between received PSDCH and serving cell signal: [-CP/2 +CP/2]

· Expected frequency offset between received PSDCH and serving cell signal : such as +/- 400Hz
Another issue of case 2 is whether the neighbor cell could be assumed as available assistance reference timing for D2D reception, in our opinion, if RAN4 acknowledge the feasibility of mixed intra-cell and inter-cell scenarios, then the UE is not able to determine which kinds of the scenarios the PSDCH will be, so for the purpose of having a uniform UE behavior, the reference receiving timing should be serving cell signal.
Case 3: 

In this case, the “syncConfigIndex-r12” is indicated and related “discSyncWindow-r12” is indicated as “w1”, which means there is a SLSS transmitted in this RX resource pool, and +-5ms time offset between SLSS and serving cell downlink timing. So, the D2D reception UE could assume this is a typical inter-cell asynchronization scenario.
For this inter-cell asynchronization scenario, due to the SFN transmission of SLSS, there would be some time-offset of PDSCH signal with respect to SLSS. So, the default UE behavior could be:

· Reference receiving timing:
 SLSS
· Reference receiving frequency:
serving cell signal

· Expected time offset between received PSDCH and Reference RX timing: [-CP/2 +CP/2]

· Expected time offset between received PSDCH and serving cell signal: [-5ms +5ms]

· Expected frequency offset between received PSDCH and serving cell signal : such as +/- 400Hz
Regarding the reference receiving frequency, we would like to reuse the serving cell signal, because if multiple inter-cell asynchronization resource pool are configured for different subframe with variable frequency offset, the D2D reception UE could keep a uniform behavior to perform reception, rather than dynamically perform frequency-offset compensation before FFT.

Another issue of case 3 is whether the neighbor cell could be assumed as available assistance reference timing for D2D reception, the reason is that the accuracy of time-frequency synchronization based on cell signal is better than the one based on SLSS, as the reference signal is more dense in cell signal. In our opinion, as this behavior is not mandated in specification and the neighbor cell signal can’t be assume always available, so in general, we would like to suggest not mandating this UE behavior but not preclude such kinds of advanced behavior.

Case 4: 

In this case, multiple resource pools are configured, such as an intra-cell and an inter-cell asynchronization, in our opinion, with the restriction of single FFT, from UE point of view, this is an unexpected eNB configuration, and it would depend on UE’s implementation how to perform the multiple-reception.
Summary
In summary, regarding the different cases, the target deployment scenarios and expected UE behaviour could be:

Table 3. Different cases for D2D discovery when the “SL-DiscRxPoolList-r12” is configured in given subframe
	Cases
	 “SL-DiscRxPoolList-r12”
	“SL-SyncConfigList-r12”
	“discSyncWindow-r12” 
	scenarios &

Reference RX signal for timing
	Time-frequency offset between PSDCH and Reference RX Signal

	1
	1
	No
	-
	intra-cell only

serving cell signal
	Time-offset:
[0 CP] 
Frequency-offset:

+/- 10Hz 

	2
	1
	Configured
	w2 (+-CP/2)
	inter-cell syn or

mixed intra-cell and inter-cell syn

serving cell signal
	Time-offset:
[-CP/2  CP/2] 
Frequency-offset:

+/- 400Hz 

	3
	1
	Configured
	w1 (+-5ms)
	Inter-cell asyn

default: SLSS
advanced: neighbor cell signal (such UE behavior is allowed)

	Time-offset:
[-CP/2  CP] between PSDCH and SLSS
[-CP/2  CP] between PSDCH and neighbor cell signal
[-5ms 5ms] between PSDCH and serving cell signal
Frequency-offset:

+/- 10Hz between PSDCH and SLSS
+/- 10Hz between PSDCH and neighbor cell signal

+/- 400Hz between PSDCH and serving cell signal

	4
	>1
	TBD
	TBD
	undefined scenarios and UE behavior 
	undefined scenarios and UE behavior


And based on the above analysis, we propose that:

Proposal 1: With respect to different configuration of D2D high layer signalling, RAN4 adopt the relative UE synchronization behaviour and time-frequency offset modelling in Table 3 into D2D demodulation requirements for discovery.
4 Communication
In this section, we would like to clarify the UE synchronization behavior and time-frequency offset modeling for communication with respect to each cases listed in table 2:

Case 1: 

In this case, as the “syncConfigIndex-r12” will not be indicated in given RX resource pool, which means there isn’t any SLSS transmitted in this RX resource pool, so, the D2D reception UE could assume this is a typical intra-cell scenario.

According to our previous analysis in of intra-cell scenario in [3], the default UE behavior could be:

· Reference receiving timing: serving cell signal
· Reference receiving frequency:
serving cell signal

· Expected time offset between received PSDCH and serving cell signal: [0 CP]

· Expected frequency offset: frequency synchronization error, such as +/- 10Hz
Regarding the time-offset, some companies has another proposal on [-CP/2 CP/2], while based on our analysis, such kinds of assumption is not realistic in intra-cell network, and not verify the maximum coverage of D2D reception. 

Case 2: 

In this case, the “syncConfigIndex-r12” is indicated. So, based on the specification, the D2D reception UE can’t assume the configuration of w1/w2 is still valid for communication, So, the UE has to assume it’s an asynchronization scenarios, and the default behavior for UE search SLSS with a large timing window, and keep time-frequency synchronization with it.
For this inter-cell asynchronization scenario, due to the SFN transmission of SLSS, there would be some time-offset of SA/Data signal with respect to SLSS. So, the default UE behavior could be:

· Reference receiving timing:
 SLSS
· Reference receiving frequency:
serving cell signal

· Expected time offset between received SA/Data and Reference RX timing: [-CP/2 +CP/2]

· Expected time offset between received SA/Data and serving cell signal: [-20ms +20ms]

· Expected frequency offset between received SA/Data and serving cell signal : such as +/- 400Hz
Accordingly, an advanced synchronization behavior should not be precluded that perform time-frequency synchronization based on neighbor cell signal rather than SLSS, because of better performance,, be meanwhile as this behavior is not mandated in specification and the neighbor cell signal can’t be assume always available, it could be allowed as a candidate UE behavior.
Case 3: 

In this case, multiple resource pools are configured, such as an intra-cell and an inter-cell asynchronization, in our opinion, with the restriction of single FFT, from UE point of view, this is an unexpected eNB configuration, and it would depend on UE’s implementation how to perform the multiple-reception.
Summary: 

In summary, regarding the different cases, the target deployment scenarios and expected UE behaviour could be:

Table 4. Different cases for D2D Communication when the “SL-CommRxPoolList-r12” is configured in given subframe

	Cases
	“SL-CommRxPoolList-r12”
	“SL-SyncConfigList-r12”
	scenarios &

Reference RX signal for timing
	Time-frequency offset between PSDCH and Reference RX Signal

	1
	1
	No
	intra-cell only

serving cell signal
	Time-offset:
[0 CP] 
Frequency-offset:

+/- 10Hz 

	2
	1
	Configured
	Inter-cell syn or Inter-cell asyn

default: SLSS
advanced: neighbor cell signal (such UE behavior is allowed)


	Time-offset:
[-CP/2  CP] between SA/Data and SLSS
[-CP/2  CP] between SA/Data and neighbor cell signal

[-20ms 20ms] between SA/Data and serving cell signal

Frequency-offset:

+/- 10Hz between SA/Data and SLSS
+/- 10Hz between SA/Data and neighbor cell signal

+/- 400Hz between SA/Data and serving cell signal

	3
	>1
	TBD
	undefined scenarios and UE behavior 
	undefined scenarios and UE behavior


And based on the above analysis, we propose that:

Proposal 2: With respect to different configuration of D2D high layer signalling, RAN4 adopt the relative UE synchronization behaviour and time-frequency offset modelling in Table 4 into D2D demodulation requirements for communication.
5 Conclusion
In this contribution, we discuss the UE synchronization behaviour and time-frequency modelling for discovery and communication respectlly, and based on our analysis, we propose that:
Proposal 1: With respect to different configuration of D2D high layer signalling, RAN4 adopt the relative UE synchronization behaviour and time-frequency offset modelling in Table 3 into D2D demodulation requirements for discovery.

Table 3. Different cases for D2D discovery when the “SL-DiscRxPoolList-r12” is configured in given subframe
	Cases
	 “SL-DiscRxPoolList-r12”
	“SL-SyncConfigList-r12”
	“discSyncWindow-r12” 
	scenarios &

Reference RX signal for timing
	Time-frequency offset between PSDCH and Reference RX Signal

	1
	1
	No
	-
	intra-cell only

serving cell signal
	Time-offset:
[0 CP] 
Frequency-offset:

+/- 10Hz 

	2
	1
	Configured
	w2 (+-CP/2)
	inter-cell syn or

mixed intra-cell and inter-cell syn

serving cell signal
	Time-offset:
[-CP/2  CP/2] 
Frequency-offset:

+/- 400Hz 

	3
	1
	Configured
	w1 (+-5ms)
	Inter-cell asyn

default: SLSS
advanced: neighbor cell signal (such UE behavior is allowed)


	Time-offset:
[-CP/2  CP/2] between PSDCH and SLSS
[-CP/2  CP/2] between PSDCH and neighbor cell signal

[-5ms 5ms] between PSDCH and serving cell signal

Frequency-offset:

+/- 10Hz between PSDCH and SLSS
+/- 10Hz between PSDCH and neighbor cell signal

+/- 400Hz between PSDCH and serving cell signal

	4
	>1
	TBD
	TBD
	undefined scenarios and UE behavior 
	undefined scenarios and UE behavior


Proposal 2: With respect to different configuration of D2D high layer signalling, RAN4 adopt the relative UE synchronization behaviour and time-frequency offset modelling in Table 4 into D2D demodulation requirements for communication.
Table 4. Different cases for D2D Communication when the “SL-CommRxPoolList-r12” is configured in given subframe
	Cases
	“SL-CommRxPoolList-r12”
	“SL-SyncConfigList-r12”
	scenarios &

Reference RX signal for timing
	Time-frequency offset between PSDCH and Reference RX Signal

	1
	1
	No
	intra-cell only

serving cell signal
	Time-offset:
[0 CP] 
Frequency-offset:

+/- 10Hz 

	2
	1
	Configured
	Inter-cell syn or Inter-cell asyn

default: SLSS

advanced: neighbor cell signal (such UE behavior is allowed)


	Time-offset:
[-CP/2  CP/2] between SA/Data and SLSS

[-CP/2  CP/2] between SA/Data and neighbor cell signal

[-20ms 20ms] between SA/Data and serving cell signal

Frequency-offset:

+/- 10Hz between SA/Data and SLSS

+/- 10Hz between SA/Data and neighbor cell signal

+/- 400Hz between SA/Data and serving cell signal

	3
	>1
	TBD
	undefined scenarios and UE behavior 
	undefined scenarios and UE behavior
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