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1
Introduction

In this contribution, we discuss measurement of D2DSS. We note the following agreements and working assumptions made regarding measurement of D2DSS [1], [2]:

	Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below synchSourceThres dBm 
· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below synchSourceThres dBm

Agreement:
· synchSourceThres has the same range as the in-coverage RSRP thresholds, excluding values –infinity and -115dBm.

FFS: Detailed definition of synchSourceThres measurement.
Working assumption:

· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:
· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS whether to define the measurement for received D2DSS quality.


We focus on following remaining issues:

1. Definition of received signal strength for D2DSS – in Section 2.1

2. Filtering (or “how long”) of received signal strength for D2DSS – in Section 2.2

3. Hysteresis of received signal strength for D2DSS – in Section 2.3

4. Whether to define received D2DSS quality – in Section 2.4
2 
D2DSS Power and Quality

2.1 D2DSS Received Power 
We note that D2DSS comprises of PD2DSS and SD2DSS where SD2SS is sent with a reduced power. The remaining channels including PD2DSCH, SA, and Data can be sent at the full power and hence we propose to use only PD2DSS in defining received power.

Proposal 1: PD2DSS is used for defining D2DSS received power (D2DSS-RP). 
We note that current RSRP is formally defined in 36.214, and propose to use a similar definition for D2DSS-RP.

Proposal 2: D2DSS-RP is defined as follows:
	D2DSS received power (D2DSS-RP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry PD2DSS within the considered measurement frequency bandwidth.

For D2DSS-RP determination the PD2DSS according TS 36.211 shall be used. 

The reference point for the D2DSS-RP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding D2DSS-RP of any of the individual diversity branches. 


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
2.2 Filtering of D2DSS-RP 
We note that the current RSRP measurements are L3 filtered based on parameters configured by higher layers using the following equation:
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The value a is configurable by higher layers for RSRP. We next study filtering for D2DSS-RP. We study the performance as a function of the filtering parameter a for:

1. Low and high mobility scenarios at 700 MHz – we note that any choice of a that works for 700 MHz will also work for higher carrier frequency albeit it will be a conservative choice in terms of speed of convergence.

2. With and without measurement error – we use the 6 dB measurement accuracy requirement for existing RSRP for D2DSS-RP measurement

Simulation assumptions are given the table below: 

Table 1 Simulation Assumptions (Link level simulation)

	Parameter
	Value

	Channel model
	ITU SCM NLOS 

	Mobility
	3 km/hr, 60 km/hr (used to compute Doppler only)

	D2DSS Period
	40 ms

	Measurement Accuracy
	Error free or 6 dB uniform


(a) 





(b)
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Figure 1 Effect of filtering coefficient a on D2DSS-RP measurement: Carrier frequency 700 MHz, UE speed 3 km/h and 60 km/h, RSRP measurement with (+/- 6 dB) and without error.

Based on the simulation results, we observe that a = 1/8 works well for both high and low mobility scenarios with and without measurement error. Hence, for D2DSS-RP, we do not see a need to make the filtering coefficients configurable, and propose

Proposal 3: D2DSS-RP is filtered according to the equation below 
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where

Mn is the latest D2DSS-RP measurement;

Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;

Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and

a = 1/8;

2.3 Hysteresis of D2DSS-RP

In this section, we study the appropriate value of D2DSS-RP power hysteresis threshold to avoid hysteresis in algorithms that use D2DSS-RP to make certain decision (such as whether to become a synchronization source or not). We consider a UE at fixed RSRP and look at the probability that filtered D2DSS-RP goes above ascertain threshold.  We consider similar simulation scenarios as Section 2.2. The hysteresis probability is given Table 2 below. 
 (a) 





(b)

	SCM 3 km/h
(No measurement error)
	Hysteresis Threshold

	
	3 dB
	6 dB
	9 dB

	 Filtering coefficient (a)
	1/2
	3.77E-01
	8.03E-02
	1.05E-02

	
	1/4
	2.25E-01
	1.74E-02
	4.51E-04

	
	1/8
	1.12E-01
	2.51E-03
	0

	
	1/16
	5.94E-02
	1.56E-03
	2.20E-05


	SCM 60 km/h
(No measurement error)
	Hysteresis Threshold

	
	3 dB
	6 dB
	9 dB

	Filtering coefficient (a)
	1/2
	2.11E-01
	1.45E-02
	1.65E-04

	
	1/4
	5.62E-02
	2.20E-04
	0

	
	1/8
	7.66E-03
	0
	0

	
	1/16
	1.21E-02
	6.59E-05
	0


(c) 





(d)

	SCM 3 km/h
(+/- 6 dB measurement error)
	Hysteresis Threshold

	
	3 dB
	6 dB
	9 dB

	 Filtering coefficient (a)
	1/2
	4.36E-01
	1.14E-01
	1.63E-02

	
	1/4
	2.89E-01
	3.38E-02
	1.18E-03

	
	1/8
	1.90E-01
	9.05E-03
	8.79E-05

	
	1/16
	1.39E-01
	5.19E-03
	3.30E-04


	SCM 60 km/h
(+/- 6 dB measurement error)
	Hysteresis Threshold

	
	3 dB
	6 dB
	9 dB

	Filtering coefficient (a)
	1/2
	3.42E-01
	5.48E-02
	3.45E-03

	
	1/4
	1.96E-01
	9.97E-03
	2.20E-05

	
	1/8
	1.16E-01
	1.13E-03
	0

	
	1/16
	7.54E-02
	2.53E-03
	5.49E-05


Table 2 Probability of hysteresis: Carrier frequency 700 MHz, UE speed 3 km/h and 60 km/h, RSRP measurement with (+/- 6 dB) and without error.
Based on the simulation results, we propose:

Proposal 4: 9 dB threshold is used to avoid power hysteresis of D2DSS-RP along with proposed values of a=1/8. 
2.4 D2DSS Received Quality 
We note that existing definition of RSRQ uses the DL design of CRS where CRS from neighbouring cells can use orthogonal sub-carriers to the CRS of the serving cell. This allows a coarse estimation of SINR by measuring RSRQ. However, for D2DSS, all UEs transmitting D2DSS use the exact same set of sub-carriers – that is all the central 62 sub-carriers are used by all the UEs. Further, unlike DL where an eNodeB is typically expected to transmit with uniform PSD on all occupied sub-carriers, for D2D different channels have different PSD that depends on the channel as well transmission parameters such as bandwidth chosen by the transmitter. Thus, we make the following observation:

Observation 1: RSRQ definition is not a suitable model for defining D2DSS received quality.

As discussed in a companion contribution in detail, we propose:

Proposal 5: D2DSS received quality is defined using the D2DSS-RP measurement by comparing D2DSS-RP to a threshold. 

3
Conclusion

In this contribution, we made the following observations and proposals:

Proposal 1: PD2DSS is used for defining D2DSS received power (D2DSS-RP). 

Proposal 2: D2DSS-RP is defined as follows:
	D2DSS received power (D2DSS-RP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry PD2DSS within the considered measurement frequency bandwidth.

For D2DSS-RP determination the PD2DSS according TS 36.211 shall be used. 

The reference point for the D2DSS-RP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding D2DSS-RP of any of the individual diversity branches. 


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
Proposal 3: D2DSS-RP is filtered according to the equation below 
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where

Mn is the latest D2DSS-RP measurement;

Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;

Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and

a = 1/8;
Proposal 4: 9 dB threshold is used to avoid power hysteresis of D2DSS-RP along with proposed values of a=1/8. 
Observation 1: RSRQ definition is not a suitable model for defining D2DSS received quality.

Proposal 5: D2DSS received quality is defined using the D2DSS-RP measurement by comparing D2DSS-RP to a threshold. 
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