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1 Introduction

D2D link quality measurements such as RSRP and RSRQ can be performed for various reasons including proximity measurements as a step prior to the establishment of a direct connection or a multi-hop route establishment. In this contribution we provide procedures to estimate D2D RSRP and D2D RSRQ. The relay selection criteria based on RSRP/RSRQ are left for discussion in RAN2.
2 Need for new link quality assessment procedures
The selection of a relay UE among the available potential candidate relays depends on D2D link measurements and link quality assessments such as D2D RSRP and D2D RSRQ.  This paper identifies that there is a need to define new procedures for D2D link quality assessments.
Observation: D2D RSRP and D2D RSRQ are useful for assessing quality of a D2D lnk, e.g., relay selection

In LTE, RSRQ is defined as a function of useful signal received power (RSRP) as well as a combination of useful signal received power, intra-cell interference and inter-cell co-channel interference (RSSI). Both RSSI and RSRP are calculated based on the DL data channel PDSCH, since it is interesting for the measuring device to obtain information about DL link quality. Since the position of CRS (used for RSRP calculation) and the frame structure are known to the receiver either by specification or via broadcast system information, the receiver has no ambiguity in selecting the correct resource elements to be used for RSRP and RSRQ measurements. However, for D2D the receiver is in general not aware of the position of reference signals and D2D data transmissions for RSRP and RSSI estimation because differently from DL, D2D devices do not in general transmit regular signals such as CRS. We illustrate this with an example below. A typical scenario is shown in Figure 1, where there are three different types of D2D transmissions occurring within the coverage area of devices in proximity. Consider that device A is interested in measuring RSRQ/RSRP on the transmission of interest, e.g., data channel.  But the device A is unaware of the exact resources used by a device of interest (e.g., device B), since the actual transmissions typically span a sub-set of the resources available for a given type of transmission (i.e., the resource pool) as shown in Figure 2.
Observation: A device should measure RSRP/RSRQ on a transmission of interest, but the device is typically unaware of the exact resources used for the transmission of interest.
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Figure 1: A typical scenario where differenet D2D communication capable devices are transmitting different signals over different channels. We consider that A wants to measure RSRP/RSRQ for data transmission by B.
According to Rel-12, D2D RSRP (S-RSRP) is based on periodic PSBCH. Since the signals over PSBCH are periodic, the receiver would be able to identify RS estimating RSRP/RSRQ in a fashion similar to the lagecy procedure. However, this option is not appropriate because interference on synchronization channels is in general unrelated to interference on data channels. Moreover, the UEs contributing to sync RS power are not necessarily the same UEs contributing to the data transmission.

Observation: In Rel-12, D2D RSRP (S-RSRP) is based on periodic PSBCH transmissions

Observation: It is inappropriate to base relay discovery on S-RSRP because:

1. An SFN broadcast channel such as PSBCH does not provide meaningful information about UE-specific PC5 links

2. Interference on PSBCH is not related to interference on data channels

Another scenario arises when a D2D receiver is interested in performing RSRP/RSRQ measurement for a future transmission over a communication channel using the current transmission measurement over a discovery channel, such as in UE-NW relay selection. Hence, the RSRP/RSRQ measurements perfomed on a transmission over the discovery physical channel must reflect the expected quality of the D2D communication channel. 

Observation: The RSRP/RSRQ measurements perfomed on a transmission over the discovery physical channel must reflect expected quality of the D2D communication channel

Proposal: Introduce new definitions/procedures for the measurement of D2D RSRP, D2D RSRQ and D2D RSSI.
3 Procedures for D2D link measurements
In this section, we discuss potential procedures for the measurement of D2D RSRP, D2D RSSI, and D2D RSRQ.

3.1 D2D-RSRP: 
D2D RSRP can be measured based on DMRS in either discovery channel or DMRS in communication channel. As discussed in Section 2, in certain situations, a D2D receiver can be interested in measuring RSRP for a transmission over the communication channel based on an RSRP measurement performed over a discovery channel. This is for example the case in UE-NW relay selection, where the remote UE wants to estimate RSRP of the communication channel based on the relay discovery signal. In this case, the estimated D2D RSRP for the communication channel can be obtained from the measured D2D RSRP over discovery transmission, possibly after a re-scaling step, if the relay discovery message uses the same power control algorithm as the D2D communication channel. 
Proposals:

· D2D RSRP measurement over a D2D communication channel can be obtained based on D2D RSRP over the discovery signal 

· Relay discovery messages must use the same power control process as the D2D communication channel
3.2 D2D RSRQ 
Similar to the legacy approach for RSRQ calculation using RSSI and RSRQ, the D2D RSRQ can also be calculated using D2D RSRP and D2D RSSI. 
In a D2D RSSI estimation, the D2D receiver wishes to measure useful signal plus interference for the channel of interest. D2D RSSI can be measured on a set of resources that are preconfigured in the device, e.g., the pool of resources for a channel of interest (SA or data). This is simple procedure, but a drawback here is that RSSI is measured on the resources that do not necessarily include the signal contribution from the UE of interest, which results in a biased estimation. We note however that for low SINR values (which are typical values of interest for e.g. RSRQ) the bias vanishes.

Proposal: D2D RSSI can be measured over a pre-configured resource pool, e.g., D2D communication channel resource pool. This RSSI measurement procedure is appropriate for low SINR values.
Based on D2D RSRP and D2D RSSI, a device can compute D2D RSRQ. We note that RSRQ measurement for a given channel (such as communication channel) can be performed using D2D RSRP measurement on a transmission over the relay discovery signal and D2D RSSI measurement over the communication channel as illusrtaed is Figure 2 below. As discussed in Section 3.2, D2D RSRP measured over a discovery transmission can be used to estimate D2D RSRP for a future communication channel which is not established yet. 

Proposal: D2D RSRQ over the communication channel can be measured by combining D2D RSRP measurement on the discovery signal and D2D RSSI measurement over the communication channel resource pool
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Figure 3: D2D RSRQ measurement performed over one channel based on D2D RSRP and D2D RSSI measurements over two different channels                             

4 Conclusion

The key observations and conclusions are:
Observations: 
· D2D RSRP and D2D RSRQ are useful for assessing quality of a D2D lnk, e.g., relay selection
· A device should measure RSRP/RSRQ on a transmission of interest, but the device is typically unaware of the exact resources used for the transmission of interest.
· In Rel-12, D2D RSRP (S-RSRP) is based on periodic PSBCH transmissions
· It is inappropriate to base relay discovery on S-RSRP because:
· An SFN broadcast channel such as PSBCH does not provide meaningful information about UE-specific PC5 links

· Interference on PSBCH is not related to interference on data channels
· The RSRP/RSRQ measurements perfomed on a transmission over the discovery physical channel must reflect expected quality of the D2D communication channel
Proposals: 

· Introduce new definitions/procedures for the measurement of D2D RSRP, D2D RSRQ and D2D RSSI.
· D2D RSRP measurement over a D2D communication channel can be obtained based on D2D RSRP over the discovery signal 
· Relay discovery messages must use the same power control process as the D2D communication channel
· D2D RSSI can be measured over a pre-configured resource pool, e.g., D2D communication channel resource pool. This RSSI measurement procedure is appropriate for low SINR values.
· D2D RSRQ over the communication channel can be measured by combining D2D RSRP measurement on the discovery signal and D2D RSSI measurement over the communication channel resource pool

