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1. Introduction

In Rel-13 the eD2D relaying functionality is being introduced. The key idea is to extend the network coverage using L3-based UE-to-Network Relays based on the Rel-12 D2D Communication physical layer. To facilitate efficient D2D Relay discovery, selection and reselection, sidelink radio level measurement can be used. In particular, in the previous meetings the RAN2 WG identified necessity of the SL measurements for relay UE selection and the corresponding agreements are captured in the LS to RAN1/4 [1]:
	· RAN2 would like to inform RAN1 and RAN4 that RAN2 aims to utilize radio link quality between remote UE and relay UE (candidate(s)) for the purpose of relay UE selection, in accordance with the following: 

· Remote UE can perform sidelink measurements to determine radio link quality between the remote UE and relay UE candidate(s).
· For relay UE selection with the remote UE out of coverage: a remote UE out of coverage can use the sidelink measurements, together with other higher layer criteria, to perform relay UE selection.

· For relay UE selection with the remote UE in coverage: it is FFS how the sidelink measurements are used for relay UE selection; for example the sidelink measurements can be used by remote UE, or the sidelink measurement results may be reported to the eNB, such that eNB can control relay UE selection for the remote UE. 

· For relay reselection: it is FFS how reselection is handled and who performs any reselection decision.
· It is FFS whether the radio link quality between the relay UE (candidate) and eNB is required for relay UE selection/reselection purposes.

· RAN2 would like to ask RAN1 and RAN4 to assess the feasibility of the remote UE performing sidelink measurements of the radio link quality between the remote UE and relay UE candidate(s) for the purpose of relay UE selection.


In the last meeting the RAN1 WG discussed the topic and made several working assumptions on the required sidelink measurement for relay selection [2]:

	· RAN1 has further made the following working assumptions on the Sidelink measurements

· At least if PSDCH is used for Relay discovery 

· A UE (i.e. at least the remote UE, FFS in RAN2 whether it can also be the Relay UE) can perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes.

· At least RSRP measurement for PC5 link quality is specified

· RAN1 assumes that any RSRP filtering only takes place across resources with the same decoded ID 

· FFS if RSRQ or other link quality measurement(s) is to be specified for PC5 link quality

· FFS what constraints (if any) are specified on power offset between  PSDCH and PSSCH from a given Relay 

· If PSDCH is not used for Relay discovery, details are FFS

· RAN1 would respectfully like to ask RAN4 to provide feedback on the working assumption


In our view, the identification of the required RRM measurements for the D2D Relay selection and corresponding physical channels requires detailed system-level analysis and is up to RAN1 WG decision. Meantime, the RAN4 WG should assess the accuracy of the proposed RRM measurements and identify potential UE implementation impacts. Further in this paper we provide analysis of the related aspects of the Sidelink PSDCH based RSRP measurements.
2. Discussion on PSDCH-based RSRP measurements

Following the RAN1 agreements UE needs to be capable to “perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes and At least RSRP measurement for PC5 link quality is specified”.
The PSDCH-based RSRP measurements have certain specifics comparing to the legacy RSRP measurements case. Below, we highlight several aspects that affect the measurements procedure, accuracy and complexity:
PSDCH decoding
Before UE makes the SL PSDCH RSRP measurements it needs to perform the PSDCH payload decoding. The RSRP measurements are expected to be valid only on the resources where the CRC passed. Therefore, the RSRP measurement complexity is increased on top of the legacy RSRP measurements which do not require any additional processing of that kind. In addition, in one TTI multiple PSDCH candidates can be transmitted depending on the resource pool configuration and available BW. Given that, UE is required to attempt decoding of all of them thus further increasing the measurements complexity.
Observation #1:
· PSDCH-based RSRP measurements have larger complexity comparing to the CRS-based RSRP measurements due to additional PSDCH payload decoding.
Multi-TTI measurements
Multi-TTI coherent combining of the RSRP measurements may require implementation of additional memory buffers to store the estimated channel estimates. In addition, due to frequency hopping of the PSDCH transmissions the coherent combining may be not applicable. Therefore, for multi-TTI measurements, non-coherent RSRP averaging should be considered.
Observation #2:

· Coherent multi-TTI combining for sidelink RSRP measurements requires additional memory and may lead to accuracy degradation.
Measurement BW
The PSDCH transmissions occupy 2 PRB pairs. Hence, the available BW for the RSRP measurements is very small and the obtained measurements may not characterize the actual wideband propagation statistics especially for the multi-path fading propagation conditions with high degree of frequency selectivity.

Observation #3:
· 2PRB based PSDCH based measurements may not characterize the actual wideband propagation statistics
PSDCH collisions
Depending on the density of the relay nodes deployment and D2D discovery type and resource pool configuration, the PSDCH transmissions from the neighboring relay nodes may take place in the same time/frequency resources. Given that the all PSDCH have same DMRS sequence, in case of DMRS based RSRP estimation the sum power of all PSDCH transmissions on the same resource would be estimated resulting in the biased estimates.
Observation #4:
· The PSDCH DMRS-based RSRP measurements accuracy may be affected due to PSDCH transmissions collisions
RSRP accuracy requirements
The impact of the sidelink RSRP accuracy on the D2D Relaying performance is not straightforward and depends on multiple factors. As shown in our RAN1 paper [3], in case of imperfect RSRP knowledge (uniform error in the ±6dB region) the overall impact on the system-level performance is rather limited. Therefore, the legacy RSRP accuracy requirements can be reused.
Observation #5:
· The system-level eD2D relaying performance is not very sensitive to the sidelink RSRP measurements accuracy.
D2D Discovery period

The minimum D2D Discovery period is 0.32sec and can be up to 10.24sec. In case of long D2D Discovery periods, the propagation conditions may change and affect the RSRP accuracy measurement in case of using RSRP filtering over multiple D2D Discovery periods.

PSDCH/PSSCH power offset
The RSRP measurements are done on the PSDCH resources. Meantime, the measurements are expected to be used to characterize the quality of the PSSCH. Given that different UEs may have different power control settings which may differ for PSDCH/PSSCH, UE should have information on the expected power offset between the PSDCH and PSSCH.

Further in the paper we provide more detailed analysis on some of the mentioned aspects.
2.1 RSRP measurements impact on the eD2D relaying coverage

The eD2D Relaying functionality is introduced to extend the network coverage, and, therefore, having sufficiently large physical layer link budget is important. The eD2D relaying is expected to be implemented using PSCCH/PSSCH. The PSSCH transmissions always have 4 transmissions and the receiver is expected to apply soft combining. The PSCCH channel has low payload size and also has two transmissions and UE is also expected to apply soft-combining. So, both PSCCH and PSSCH physical channels to have sufficiently good link budget. The considered PSDCH-based RSRP measurements involve PSDCH payload decoding. This means that UE would not be able to perform measurements and participate in eD2D relaying in case it could not successfully decode PSDCH. Based on the Rel-12 PSDCH design, the number of the PSDCH signal retransmissions is configurable and may change from 0 to 3. Furthermore, following the ongoing Rel-12 D2D discussion, there is so far no decision on whether the PSDCH capable UE should be required to apply soft-combing of multiple PSDCH retransmissions. Hence, depending on the PSDCH configuration and UE’s implementation, the PSDCH can become the coverage bottleneck for the eD2D relaying coverage. 
In Figure 1 we illustrate the coverage performance (i.e. sensitivity metrics) for the PSDCH, PSCCH and PSSCH in the AWGN environment. The results for the PSSCH are provided under assumption of VoIP transmissions in 1/2/3 PRB pairs. The results for the PSDCH are provided for the cases of single and 4 TTI transmissions. The results show that the PSDCH with single TTI transmission has the lowest coverage among other physical channels (PSCCH/PSSCH). Using larger number of retransmissions improves the coverage.
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	Figure 1. eD2D relaying coverage


Observation #6:
· In case of using the single TTI PSDCH transmissions, the RSRP measurements would become the coverage bottleneck with ~4dB coverage loss comparing to the PSSCH VoIP transmissions. 
· The PSDCH coverage is substantially improved in case of using multiple ReTx along with soft-combining at the UE side. In case of using 4 TTI PSDCH the coverage is higher than the one for the PSSCH VoIP transmissions.

As show in our RAN1 paper with eD2D system-level analysis, the relay performance might be rather sensitive to PSDCH and PSSCH/PSCCH coverage imbalance [3]. So, to avoid potential coverage imbalance between different physical channels used for eD2D relaying, it may be beneficial to use multiple retransmissions of the PSDCH under assumption that the remote UEs apply soft-combining.

Proposal #1:
Inform RAN1/2 on the potential eD2D relaying coverage imbalance which may arise in case of using PSDCH based RSRP measurements. Consider using multiple PSDCH retransmissions along with soft-combining at the UE side to remove potential imbalance.
2.2 PSDCH-based RSRP measurements accuracy
Two different approaches to characterize RSRP accuracy can be considered: “localized” RSRP accuracy inside the PSDCH region and “wideband” RSRP accuracy.
Localized RSRP accuracy
The localized RSRP measurements accuracy depends on the number of available REs for measurements (i.e. 48 for DMRS based measurements), number of handled PSDCH TTIs and used algorithm. Below, we provide the RSRP measurement accuracy analysis inside the 2 PRB WB under an assumption that single L1 RSRP estimate involves processing of PSDCH signals in a) single TTI and b) 4 TTIs assuming RSRP filtering and PSDCH soft-combining. The following results are provided:

· Figure 2: RSRP measurement success rate (i.e. probability of successful packet CRC decoding).
· Figure 3: The CDFs for the “localized” RSRP measurements errors.
· Figure 4: results for the 5%, 50% and 95% of the CDF of the RSRP error for different SNR values.
The RSRP accuracy results for the 4 TTI processing case are provided for the SNR ≥ -5 dB while results for the 1 TTI case are provided for the SNR ≥ 0 dB due to unavailability of the measurements below this threshold. 
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	Figure 2. RSRP measurement success rate
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	Figure 3. Localized RSRP accuracy (RSRP error CDF)
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	Figure 4. Localized RSRP accuracy (RSRP error vs SNR)


Observation #7:
· Single TTI PSDCH-based RSRP measurements cannot provide reliable measurements for the SNR < 0 dB due to PSDCH decoding failure. Four TTI PSDCH-based RSRP measurements can operate for SNR ≥ -5 dB.
· The PSDCH-based RSRP measurements can provide relatively reliable estimates of the localized RSRP with accuracy better that ±2dB in the operating SNR range.
Wideband RSRP accuracy

The PSDCH has very localized transmission bandwidth which is rather efficient from the coverage enhancement point of view but may be not so beneficial from the perspective of characterizing the wideband channel propagation conditions. The D2D PSCCH/PSSCH relay transmissions may take place in the full BW or in a different localized frequency region. Hence, the 2 PRB single TTI RSRP measurements may not characterize the actual propagation environment hence introducing some systematic errors. Below we provide results of analysis of the wideband RSRP accuracy on the example of the EPA5 channel model under assumption of using 1 and 4 TTI RSRP measurements under assumption that soft-combining is applied for both case. For the 4 TTI processing it is assumed that PSDCH have frequency hopping across the available BW (based on the existing PSDCH design) and the D2D Discovery resource pool occupies the full BW. On the left figure the wideband and localized RSRP error CDFs are illustrated for the SNR = 5dB. On the right figure we illustrate the 5%, 50% and 95% of the CDF of the wideband RSRP error for different SNR values. 
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	Figure 5. Wideband RSRP accuracy


Observation #8:
· Single TTI PSDCH-based RSRP measurements have relatively poor accuracy in terms of wideband RSRP.
· Using multi-TTI RSRP filtering along with PSDCH frequency hopping leads to substantially improved wideband RSRP accuracy.
2.3 PSDCH-based RSRP filtering
At least for Discovery Type 1, the UE would be capable to make only a single RSRP measurement for a candidate Relay node per one D2D Discovery period. To improve measurements accuracy the RSRP filtering over multiple estimates can be potentially used. Based on the current specification the D2D Discovery may have period from 0.32s and up to 10.24s (0.32s, 0.64s, 1.28s, 2.56s, 5.12s, 10.24s). In case of the large Discovery periods, filtering of the RSRP estimates from the different D2D Discovery periods may negatively affect the RSRP accuracy due to large variations in the actual propagation conditions. Therefore, further discussion and analysis on whether any restrictions on the RSRP filtering over multiple D2D Discovery periods are needed. In addition, in case the RAN4 identifies that single shot RSRP measurements have sufficiently good accuracy, it may be beneficial to preclude using RSRP filtering over multiple D2D Discovery periods.
Proposal #2:
Further discuss whether any restrictions on the RSRP filtering over multiple D2D Discovery periods are needed.
2.4 PSDCH collisions handling
Depending on the density of the deployment of potential D2D relay nodes and the amount of the assigned resources for the PSDCH transmissions, it may happen that PSDCH transmissions from the close enough transmitters would collide in the same time/frequency resources. Meantime, all DMRS used for the PSDCH transmission have same sequence and thus in case of DMRS based RSRP calculation, the RSRP estimate would be biased and would also include the estimate from other potential relay nodes. There are several potential methods to avoid the issue:
· RSRP filtering. The probability of the collisions reduce in case multiple Discovery periods are considered. The drawback for the approach is that the measurements delay increases a lot especially given that the Discovery period may take up to 10.24s. Furthermore, as mentioned above in case of ling Discovery periods the RSRP filtering may result in the reduced accuracy.
· PSDCH data RSRP measurements. In case the PSDCH based RSRP is estimated using the DMRS it may be not possible to resolve the collision with another PSDCH transmission due to same DMRS sequence. Meantime, different PSDCH transmission have different payload. In case of successful decoding the PSDCH transmit waveform can be reconstructed and PSDCH data REs can be used to perform the measurements. In case of coherent averaging the interference signal can be filtered out reducing the bias. At the same time, the method has increased complexity comparing to the DMRS based measurements and in our view may be too restrictive in terms of defining the minimum performance requirements.
To decide on the preferable approach further analysis on the likelihood of the PSDCH collisions is needed along with the analysis of the potential impacts of the RSRP errors on the eD2D relaying performance. 
Proposal #3:
Further discuss whether and which solutions to be used to resolve PSDCH collision issue
3. Conclusions

In this contribution we have shared our views on the views on different aspects of the PSDCH-based RSRP measurements. In our view, the PSDCH-based RSRP measurements are feasible, meanwhile the achievable accuracy and coverage depend on multiple factors highlighted above and further studies on the identified issues would be needed prior to defining the core and performance requirements. In summary, make the following proposals:
Proposal #1:
Inform RAN1/2 on the potential eD2D relaying coverage imbalance which may arise in case of using PSDCH based RSRP measurements. Consider using multiple PSDCH retransmissions along with soft-combining at the UE side to remove potential imbalance.
Proposal #2:
Further discuss whether any restrictions on the RSRP filtering over multiple D2D Discovery periods are needed.
Proposal #3:
Further discuss whether and which solutions to be used to resolve PSDCH collision issue
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