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1
Introduction

In this contribution, we will study the remaining aspects of the D2D synchronization procedure and resource selection. 
Note that the high level synchronization procedure followed by the UE is as follows:

1. Scan for synchronization sources

2. Select a synchronization source (if found) as a transmission timing reference

3. Decide whether to become a synchronization source or not 

4. Decide which synchronization resource to use

In this contribution, we discuss procedures for 2, 3, and 4 above. In particular:  

1. Becoming/cease being  a D2D sync source – discussed in Section 2
2. Selection/reselection of D2D sync source as a transmission timing reference – discussed in Section 3
3. Selection/reselection of a resource for D2DSS/PD2DSCH transmission – discussed in Section 4
Additionally, simulation results are provided in Section 5 based on the proposals made in Sections 2-4, and conclusion is provided in Section 6
2 
Becoming/cease being a D2D sync source
We note the following existing agreements:

1. In coverage: UE shall transmit D2DSS based on configured threshold for RSRP and/or if instructed by eNodeB. 
2. Out of coverage:  A UE can become a D2D Sync source if received signal strength of all received D2DSS(s) by the UE are below syncSourceThres dBm where syncSourceThres is pre-configured to one of {-110, -105, …, -60}.  
Figure 1 below shows the above existing agreements and our proposals for UE to become or cease being a sync source.
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Figure 1 Becoming/cease being a sync source
We note that measurement for D2DSS received power (D2DSS-RP) that will be used for defining syncSourceThres is provided in a companion contribution [1].  In this contribution, we use the term “received signal strength below or above a threshold” with the formal definition given in [1]. 
2.1 Becoming a sync source

We note that for D2D communication, the existing agreement on becoming sync source for in-coverage is dependent on UE having SA/Data – however, for maintaining synchronization between in network and out of network UEs, it may be beneficial if cell edge UEs can transmit D2DSS without necessarily having SA/Data. Therefore, we propose: 

Proposal 1: an in-coverage UE that doesn’t have SA or Data to transmit, can become a sync source if explicitly instructed by the eNodeB or if the RSRP is below the configured threshold for D2DSS transmission. 
Next, we focus on the out-of-coverage operation, and we note that the current agreement for syncSourceThres does not distinguish between different sync sources. In our view, the condition of syncSourceThres should only be applied to UEs that are synchronized to each other. Therefore, we propose:
Proposal 2:  If an out of coverage UE selects a D2D sync source with PSSID as its transmission timing reference, then the UE can become a D2D sync source if for all received D2DSS with the same PSSID, received signal strength is below syncSourceThres dBm.
Similarly, when a UE synchronizes to another UE, it should use the same PSSID as that UE – this allows for SFN transmission of D2DSS and reduces interference seen on D2DSS. 

Proposal 3: If an out of coverage UE synchronizes to another D2D sync source for transmission timing reference, it uses the same PSSID and DFN as that sync source if it becomes a sync source. 
2.2 Ceasing to be a sync source

Next, we discuss when a UE can cease being a sync source -- we propose to use the same rules as becoming a sync source with hysteresis to account for fading margin and low mobility. We additionally propose rules based on prioritization that has been agreed.
Proposal 4: An in-coverage UE that is currently a D2D sync source, shall cease being a D2D sync source if the RSRP goes above d2dss-transmission-rsrp  + Y dBm if it has not been explicitly instructed by the eNodeB to transmit D2DSS. Y = 9 dB.
We note that the above proposal is extending the current agreement to avoid hysteresis in D2DSS transmission when UE’s RSRP is close to RSRP configured for D2DSS transmission – the value of 9 dB is based on fading margin to avoid such a hysteresis. Simulation results supporting the value of 9 dB are provided in [1].
Proposal 5: An out of coverage UE that is currently a D2D sync source, can cease to be a sync source if it detects another synchronized D2DSS with the same PSSID with received signal strength above syncSourceThres + Y  dBm. Y = 9 dB.
Next, we discuss the conditions that relate to the prioritization rules that have been agreed. In particular, we propose to re-evaluate decision to be a sync source if the UE no longer detects a higher priority sync source that the UE synchronized to.

Proposal 6: A UE that is a D2D sync source synchronized to an eNodeB, shall re-evaluate the decision to be sync source and the choice of PSSID if the eNodeB is no longer detected.  Existing requirements on eNodeB detection are reused.

Proposal 7: A UE that is a D2D sync source synchronized to an in-coverage UE, shall re-evaluate the decision to be a sync source and the choice of PSSID if the in-coverage UE is no longer detected. 

More generally, we propose the following to also cover the out-of-coverage cases where transmission timing reference is changed:

Proposal 8: A UE that is currently a D2D sync source, can cease to be a sync source when it changes its transmission timing reference.  

3 
Selection/reselection of reference D2D sync source

We note that there are existing agreements regarding prioritization of eNodeBs and in coverage UEs for transmission timing reference. However, there are no agreements relating to prioritization amongst eNodeBs and amongst in coverage UEs. Similarly, there are no agreements for definition of D2DSS quality and other criterions that are to be used for prioritization amongst out of coverage. This is shown in Figure 2 below, and we focus on the parts that are not agreed which are shown in red in Figure 2. We note that the main open issues are:
1. Additional rules for prioritization – discussed in Section 3.1

2. Mechanisms and requirements for detecting transition  -- discussed in Section 3.2
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Figure 2 Sync source priorities (agreements and proposals)

We propose that for in-coverage operation existing rules and mechanism can be reused:

Proposal 9: for in-network UEs, existing cell selection rules and mechanism are used for selecting an eNodeB for transmission timing reference.

We discuss prioritization rules amongst UEs that are D2D sync source next.

3.1 Rules for sync source prioritization

It was agreed to use the received D2DSS quality for sync source selection. One way to define the received D2DSS quality would be to directly prioritize stronger received D2DSS (with higher “quality”). However, this selection rule can lead to instability by implying constant UE modifications (as shown in Section 5). That is if UEs are required to choose and follow the transmit timing from the strongest received D2DSS, this will either result in too many asynchronous clusters in the system (when the UEs tend not to change their acquired timing), or cause too many reselections (when the UEs tend to reselect to the strongest timing reference). The problem is more significant when considering UEs’ movements and the resulting change in the received D2DSS strength.  In order to resolve this issue and enable a more efficient synchronization procedure (as further discussed in Section 5), we propose to use a minimum threshold on D2DSS received signal strength as the received D2DSS quality. That is, a UE can select any of the received D2DSS above the minimum threshold as its transmit timing reference. 

Proposal 10: D2DSS quality is defined to be receiving signal strength above a threshold. Additional rules to choose a timing reference are left for UE implementation and can for example be based on the PSSID and/or the number of detected D2DSS.

We note in Section 5, we present a synchronization procedure based on the above proposal, and will compare its performance against another scheme that (re)selects the strongest received D2DSS as the sync source in out-of-coverage.

Proposal 11: minimum threshold for signal strength for definition of D2DSS quality is D2DSS-RP-DETECT + Y dBm. Y = 9 dB.  RAN4 should decide the value for D2DSS-RP detection threshold (D2DSS-RP-DETECT).
Note that the above proposal accounts for a 9 dB margin due to fading and low mobility over the detection threshold of D2DSS.  We note that that the RAN1 design target of -107 dBm translates to a D2DSS-RP threshold of -125dBm/15kHz. We further note that the current RSRP accuracy requirements are slightly different based on the operating bands (as per different reference sensitivity requirements). Thus, RAN4 can appropriately define D2DSS-RP-DETECT taking into account different reference sensitivities for different bands. 
A UE may reselect the D2D sync source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D sync source(s). One scenario where a UE may decide to change its timing reference and reselect a new sync source is when the received D2DSS from its sync source goes below some threshold, and as a result a reliable synchronization will not be feasible. 

Proposal 12: A UE synchronized to another sync source can reselect to another sync source if the signal strength is below D2DSS-RP-DETECT. 
3.2 Mechanisms to perform sync source prioritization

We note that the following question was raised during RAN1 #77:

Question: whether to specify a D2D silence period which is a multiple of the D2DSS period length to assist UEs with scanning for other sync sources for out-of-coverage UEs?

The purpose of this silence period is to reduce the synchronous interference (from the UEs with the same timing reference), and improve the reliability of detecting other asynchronous clusters, by synchronizing the scan process among the UEs that acquired the same timing reference. 
Proposal 13: Define a D2D-silence period during which out of coverage D2D UEs do not transmit any D2D signals/channels other than D2DSS/PD2DSCH. All the D2D UEs acquired the same timing reference shall follow the same D2D-silence period.
Next, we define D2D-silence period precisely in relation to DFN by simply having 40 ms silence period every 32 D2DSS periods.
Proposal 14:  DFN mod (32*40) between 0 to 39 is defined to be D2D-silence period for out of coverage UEs.  
As discussed above, a UE needs to prioritize other sync sources (including eNodeBs and/or in-coverage/out-of-coverage D2D sync sources) before transmitting D2DSS and for timing reference selection/reselection. The requirements on detecting these sync sources are specified in the following proposals which use the notion of silence period defined above. 

Proposal 15:  A UE not synchronized to an eNodeB shall detect an eNodeB within t1 seconds. RAN4 should decide t1 using the existing cell detection requirements.

Proposal 16:  A UE not synchronized to an eNodeB shall detect a higher priority D2D sync source within n2 silence period occurrences if received signal strength is above certain threshold. RAN4 should decide n2 and D2DSS-RP threshold.
4 
Selection/reselection of synchronization resource

We note that in RAN1 #78bis it was agreed that at most 1 D2DSS resource per cell for in-coverage UEs can be configured. Hence all the UEs, configured to transmit D2DSS/PD2DSCH in a cell, will use the same resource for their sync transmission. 
4.1 Out-of-coverage sync resource

For out-of-coverage, two D2DSS resources are defined (see the agreement below), and hence the rules for selecting which resource to be used for D2DSS transmission need to be further specified. We make the following proposal to complete the details of the D2DSS resource selection in out-of-coverage:
Proposal 17: In out-of-coverage, a UE selects the D2DSS resource (out of the 2 configured resources of a timing reference) based on UE implementation. 
RAN1 #78bis:Agreement:
· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource
· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0

We note that given that in-coverage synchronization resource can be flexibility configured, similar approach can be followed for out of coverage operation.

Proposal 18: two synchronization resource locations are pre-configured for out-of-coverage.

4.2 Partial coverage case
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Figure 3 Sync procedure for partial coverage

Figure 3 above shows the partial coverage scenario with UE1 in-coverage, and UE2 and UE3 out-of-coverage. We note that in-coverage synchronization procedure is agreed but synchronization procedure for UE2 and UE3 are unclear. In particular:

1. Should UE2 (UE3) use D2DSS from ue_net or ue_oon?

2. What resource should UE2 (UE3) use and how is this known to UE1 (and UE2, UE3)?

We propose to answer these questions by allowing UE2 to use D2DSSue_net, but using one bit in PD2DSCH to indicate that it is out of coverage. 
Proposal 19: an out of coverage UE that synchronizes for transmission timing reference to an in coverage UE using  D2DSS in D2DSSue_net, uses the same D2DSS if it becomes a sync source. The in-coverage UE uses 1 bit in PD2DSCH to indicate that the UE is in coverage. 

Proposal 20: an out of coverage UE that synchronizes for transmission timing reference to an in coverage UE using  D2DSS in D2DSSue_net, uses the second pre-configured synchronization resource if it becomes a sync source. The out-of-coverage UE uses 1 bit in PD2DSCH to indicate that the UE is out of coverage. 

5

Out-of-coverage synchronization schemes
In our earlier contribution [2], we studied the performance of various synchronization schemes and observed a class of flat schemes that try to synchronize the neighbouring D2D UEs to the same timing reference can provide significant benefits including:

a. Simpler UE implementation, since there is no need to follow any extra reception timing (or at most a very few timings) and/or reselection of the transmission timing.
b. More stable system, since the dependency of UEs on ISSs and intermediate sync sources is reduced.
c. More efficient utilization of the resources and less asynchronous interference, since a less number of asynchronous timings are acquired throughout the network.
In what follows, we consider two alternative procedures (flat and non-flat schemes) for timing reference selection/reselection. The flat scheme implmenets a prioritization protocol based on the “density of timing reference” and the “id of timing reference”:

· Density of timing reference: it is defined as the total number of detected neighboring UEs acquired the same synchronization reference. Note that this number is at most equal to the total number of TDM sync resources (agreed to be 2 in out-of-coverage).

· Id of timing reference (PSSID): we assume all the UEs acquiring the same sync reference carry the same PSSID, where it is communicated through D2DSS.
The two synchronization procedures are defined as follows,
1. Flat scheme (based on density and PSSID): Among the detected timing references with highest density (# SFs with D2DSS-RP > -107 dBm), (re)select the one with the lowest PSSID. In case of not detecting any timing references, start its own timing: (a) at wake up: follow the internal timing with own PSSID, (b) at reselection stage: follow the latest acquired timing and PSSID
2. Non-flat scheme (based on the strongest D2DSS-RP): A non-sync source UE (re)selects the timing reference with max D2DSS-RP, if it is > -107 dBm, otherwise starts its own timing following the latest acquired reference and PSSID. A D2D sync source UE changes its timing reference with probability P_cease ϵ {0.2, 0.5} to the timing reference with max D2DSS-RP, if it is > -107 dBm and greater than the D2DSS-RP measured on the remaining SF(s) of its own timing.
Next, we provide system-level simulation results investigating the performance of these two schemes. We consider different values for syncSourceThres X ϵ {-50, -90, -100} dBm for D2DSS transmission (Proposal 3), further assume a D2D sync source may cease its role (with a probability P = 0.5) upon detection of another source with the same timing and D2DSS-RP > X dBm. The simulation study is performed on a hotspot  and an indoor/outdoor drop with 19 cells and 32 UEs per sector that sequentially wake up in the system.

Tables 1 and 2 compare the implied network topology and dynamics of the two schemes, on respectively a hotspot and an indoor/outdoor drop. 

We can observe a lower D2DSS-RP threshold X can significantly reduce the number of D2D sync sources. In the hotpot drop, the proposed flat scheme is not sensitive to different values of X, and will lead to a single unique timing throughout the network. This implies excellent performance in terms of neighborhood coverage (100%) and network dynamics (limited number of sync source (re)selections). On the other hand, the scheme which prioritizes the received D2DSS-RP is very sensitive to threshold X. Although an acceptable performance can be achieved with small values of X (e.g., -100 dBm), it may resul in instability for larger thresholds (e.g., X = -90 dBm), where there are asynchrouns neighboring clusters and some UEs will keep changing their timing references among the detected timings. This issue is also demonstrated in Figure 4 (a).
Table 1 hotspot drop results summary
	Drop
	Hot Spot

	Scheme
	Flat (density + PSSID)
	Non-flat (highest RSRP)

	
	
	Cease Prob = 0.2
	Cease Prob = 0.5

	RSRP threshold X (dBm)
	-50
	-90
	-100
	-50
	-90
	-100
	-50
	-90
	-100

	Average Number of timings
	1
	1
	1
	3
	2
	1
	3
	2
	1

	Number of sync sources
	812
	223
	107
	824
	253
	102
	825
	252
	102

	Number of (re)selections 
(by the time all UEs are up)
	1969
	1945
	2007
	3.35e5
	3.32e5
	3898
	8.29e5
	8.23e5
	3645

	Neighborhood coverage
	1
	1
	1
	0.51
	0.63
	1
	0.50
	0.62
	1

	Async timings within 1-hop
	Avg
	0
	0
	0
	1.4
	1
	0
	1.4
	1
	0

	
	Max
	0
	0
	0
	3
	1
	0
	2
	1
	0

	Async timings within 2-hop
	Avg
	0
	0
	0
	1.82
	1
	0
	1.7
	1
	0

	
	Max
	0
	0
	0
	4
	1
	0
	2
	1
	0


Similar observations can be made for the indoor/outdoor drop, and it is seen that the flat scheme performs much better than the non-flat scheme. That is the flat scheme is less sensitive to different values of threshold X. Reducing  X will result in more asynchronous timings throughout the network, however even for X = -100 dBm the resulting network dynamic and neighbourhood coverage (>90%) are acceptable for the flat scheme. The non-flat scheme, on the other hand, results in more asynchronous timings and hence lower neighbourhood coverage. Although lower X values are preferable to achieve more stability, this will result in more timings in the network (220 timings for non-flat scheme vs 133 timings for flat scheme and X = -100 dBm). As shown in Figure 4 (b), even with lower X values the system can be instable and some UEs may keep modifying their timing references constantly. 
Table 2 Indoor/outdoor drop results summary
	Drop
	Option 5 (In-Out)

	Scheme
	Flat (density + PSSID)
	Non-flat (highest RSRP)

	
	
	Cease Prob = 0.2
	Cease Prob = 0.5

	RSRP threshold X (dBm)
	-50
	-90
	-100
	-50
	-100
	-100

	Number of timings
	12
	63
	133
	30
	220
	221

	Number of sync sources
	982
	579
	419
	862
	387
	387

	Number of (re)selections (by the time all UEs are up)
	3270
	3474
	2869
	1.81e5
	5496
	10350

	Neighborhood coverage
	Indoor
	1
	0.97
	0.91
	0.73
	0.88
	0.88

	
	Outdoor
	1
	0.99
	0.93
	0.46
	0.58
	0.61

	Async timings within 1-hop
	Indoor
	Avg
	0
	0.05
	0.26
	0.73
	0.62
	0.62

	
	
	Max
	0
	1
	2
	2
	3
	3

	
	Outdoor
	Avg
	0
	0.14
	0.58
	1.54
	3.23
	2.97

	
	
	Max
	0
	2
	4
	3
	8
	7

	Async timings within 2-hop
	Indoor
	Avg
	0.02
	0.26
	0.87
	1.48
	3.63
	3.43

	
	
	Max
	1
	3
	4
	3
	11
	9

	
	Outdoor
	Avg
	0
	1.2
	4.55
	2.15
	15.1
	14.48

	
	
	Max
	0
	6
	10
	5
	26
	24
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Figure 4 Number of Reselection over time (instability of the non-flat scheme); (a) hotpot drop, (b) indoor/outdoor drop

Observation 1: The proposed flat scheme (based on density and PSSID) can provide very good performance in terms of network dynamics and topology.
Observation 2: Lower values of D2DSS-RP threshold X result in less number of D2D sync sources, but potentially larger number of asynchronous timings and less neighborhood coverage. The flat scheme provides acceptable performance for different values of X.

Observation 3: The scheme that selects the strongest timing (with maximum D2DSS-RP), leads to worse neighborhood coverage and potentially an instable system with constant UE modifications.
Observation 4: UEs can use density (# SFs with D2DSS-RP > some threshold), and PSSID for further prioritization. The idea is to merge the timing of all neighbouring UEs, in order to (a) improve resource usage efficiency, (b) reduce interference, (c) make system more stable by avoiding unnecessary, constant UE modifications.

6 
Conclusion

In this contribution, we studied the details of the D2D synchronization procedure, and made the following proposals and observations: 
Proposal 1: an in-coverage UE that doesn’t have SA or Data to transmit, can become a sync source if explicitly instructed by the eNodeB or if the RSRP is below the configured threshold for D2DSS transmission. 

Proposal 2:  If an out of coverage UE selects a D2D sync source with PSSID as its transmission timing reference, then the UE can become a D2D sync source if for all received D2DSS with the same PSSID, received signal strength is below syncSourceThres dBm.

Proposal 3: If an out of coverage UE synchronizes to another D2D sync source for transmission timing reference, it uses the same PSSID and DFN as that sync source if it becomes a sync source. 
Proposal 4: An in-coverage UE that is currently a D2D sync source, shall cease being a D2D sync source if the RSRP goes above d2dss-transmission-rsrp  + Y dBm if it has not been explicitly instructed by the eNodeB to transmit D2DSS. Y = 9 dB.
Proposal 5: An out of coverage UE that is currently a D2D sync source, can cease to be a sync source if it detects another synchronized D2DSS with the same PSSID with received signal strength above syncSourceThres + Y  dBm. Y = 9 dB.

Proposal 6: A UE that is a D2D sync source synchronized to an eNodeB, shall re-evaluate the decision to be sync source and the choice of PSSID if the eNodeB is no longer detected.  Existing requirements on eNodeB detection are reused.

Proposal 7: A UE that is a D2D sync source synchronized to an in-coverage UE, shall re-evaluate the decision to be a sync source and the choice of PSSID if the in-coverage UE is no longer detected. 

Proposal 8: A UE that is currently a D2D sync source, can cease to be a sync source when it changes its transmission timing reference.  

Proposal 9: for in-network UEs, existing cell selection rules and mechanism are used for selecting an eNodeB for transmission timing reference.

Proposal 10: D2DSS quality is defined to be receiving signal strength above a threshold. Additional rules to choose a timing reference are left for UE implementation and can for example be based on the PSSID and/or the number of detected D2DSS.

Proposal 11: minimum threshold for signal strength for definition of D2DSS quality is D2DSS-RP-DETECT + Y dBm. Y = 9 dB.  RAN4 should decide the value for D2DSS-RP detection threshold (D2DSS-RP-DETECT).

Proposal 12: A UE synchronized to another sync source can reselect to another sync source if the signal strength is below D2DSS-RP-DETECT. 
Proposal 13: Define a D2D-silence period during which out of coverage D2D UEs do not transmit any D2D signals/channels other than D2DSS/PD2DSCH. All the D2D UEs acquired the same timing reference shall follow the same D2D-silence period.
Proposal 14:  DFN mod (32*40) between 0 to 39 is defined to be D2D-silence period for out of coverage UEs.  
Proposal 15:  A UE not synchronized to an eNodeB shall detect an eNodeB within t1 seconds. RAN4 should decide t1 using the existing cell detection requirements.

Proposal 16:  A UE not synchronized to an eNodeB shall detect a higher priority D2D sync source within n2 silence period occurrences if received signal strength is above certain threshold. RAN4 should decide n2 and D2DSS-RP threshold.
Proposal 17: In out-of-coverage, a UE selects the D2DSS resource (out of the 2 configured resources of a timing reference) based on UE implementation. 
Proposal 18: two synchronization resource locations are pre-configured for out-of-coverage.

Proposal 19: an out of coverage UE that synchronizes for transmission timing reference to an in coverage UE using  D2DSS in D2DSSue_net, uses the same D2DSS if it becomes a sync source. The in-coverage UE uses 1 bit in PD2DSCH to indicate that the UE is in coverage. 

Proposal 20: an out of coverage UE that synchronizes for transmission timing reference to an in coverage UE using  D2DSS in D2DSSue_net, uses the second pre-configured synchronization resource if it becomes a sync source. The out-of-coverage UE uses 1 bit in PD2DSCH to indicate that the UE is out of coverage. 

Observation 1: The proposed flat scheme (based on density and PSSID) can provide very good performance in terms of network dynamics and topology.

Observation 2: Lower values of D2DSS-RP threshold X result in less number of D2D sync sources, but potentially larger number of asynchronous timings and less neighborhood coverage. The flat scheme provides acceptable performance for different values of X.

Observation 3: The scheme that selects the strongest timing (with maximum D2DSS-RP), leads to worse neighborhood coverage and potentially an instable system with constant UE modifications.
Observation 4: UEs can use density (# SFs with D2DSS-RP > some threshold), and PSSID for further prioritization. The idea is to merge the timing of all neighbouring UEs, in order to (a) improve resource usage efficiency, (b) reduce interference, (c) make system more stable by avoiding unnecessary, constant UE modifications.

References
[1] R1-145065, “D2DSS Measurement”, Qualcomm Inc.
[2] R1-143978, “Procedures for D2D Synchronization”, Qualcomm Inc.
PAGE  
10/10

_1476690608.vsd
�

eNodeB 2


IC UE1


eNodeB 1


OOC UE1


IC UE2


OOC UE2


>


>


Use Legacy Procedure to select between eNodeBs


Use D2DSS quality to select between In coverage UEs 


Use D2DSS quality to select between OOC  UEs 
D2DSS quality definition and other criterion 



_1476796544.vsd
�


_1476188668.vsd
�

0


1


0


1


RSRP below Threshold Or
 eNodeB configures to start


RSRP above Theshold + Y Or 
eNodeB configures to stop



