Page 1

3GPP TSG RAN WG1 Meeting #82                                                
    R1-154584
Beijing, China, 24th - 28th August 2015

Source:
Intel Corporation

Title:
Remaining details of PC5 measurements
Agenda item:
7.2.3.1.1
Document for:
Discussion and Decision

1 Introduction

There are two types of L1 measurements that can be used for UE-to-NW relay procedures: cellular link (Uu – backhaul link) and sidelink (PC5 – access link) measurements. In this contribution, we discuss PC5 physical layer measurements for support of L3-based UE-to-Network relays (UE-to-NW), based on the working assumption made by RAN1 WG at the previous meeting:
Working Assumption
· 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
Our views on cellular (Uu) link measurements are discussed in our companion contribution [1], while our overall views on UE-to-NW relay procedure are discussed in our RAN2 contribution [2].
2 Discussion on PC5 Interference-Aware Measurements
According to the RAN1 working assumption, one of the remaining questions is whether any additional PC5 metric, like RSRQ, should be specified for relay operation procedures. The potential benefits of these measurements are straightforward if these reflect the potential quality of a D2D link. However, there are several challenges for RSRQ measurements at sidelink that may substantially complicate measurement and usage of PC5 RSRQ:
1) Randomized nature of sidelink resource allocation. The Mode-2 resource allocation, which will be used at least for transmission of the remote UEs towards relay UEs, uses interference randomization approach in order to achieve robustness. This leads to unpredictable interference environment within SCI period and at a larger timescales within multiple SCI periods.
2) Different set of interferers on PSDCH and PSSCH/PSCCH. If PSDCH is supposed to be used for RSRQ estimation, then the RSRP component may be estimated, however the RSSI estimation is challenging, because the set of interferes participating in relay discovery and interferer set on PSCCH/PSSCH are different. The set of transmitters differs not only across different channels but also within subframes of any particular channel. It leads to the conclusion that RSRQ measurements should be time and frequency selective in order to be properly utilized.
3) Asymmetrical link quality at Relay and Remote UE. If the RSRQ measurements are specified, then these measurements need to be done at both ends, i.e. separately at a remote UE and at a relay UE for prediction of DL and UL relaying quality respectively. Therefore it may complicate the overall relay selection process and may not be justified from the performance gains point view, especially if there is no mechanisms for interference control or traffic management defined
Taking into account the above challenges, we conclude that specification of PC5 RSRQ measurements is not justified for Rel.13 relay use cases, where the coverage extension for out of coverage UEs is the major goal. On the other hand introduction of these measurements may be beneficial for traffic management use cases, however those may require more tight control from eNodeB side and more sophisticated mechanisms for relay and resource selection. Therefore we suggest not to consider PC5 RSRQ measurements in Rel.13. These aspect may be also left for UE implementation.
Proposal 1

· For Layer-3 relaying, RSRP measurements are sufficient for PC5 link quality characterization.
3 Performance Analysis

In this section, we analyze the benefits of using PC5 link quality measurements for relay selection. Taking into account the discussion in the previous section, we use only PC5 RSRP metric which was agreed as a working assumption by RAN1 WG.
For the analysis, we use the partial coverage scenario defined in [3] with indoor-outdoor mixed drop. There are 150 UEs/cell and 10 of them have VoIP traffic. The UL and D2D are deployed in the same carrier, so the mutual interference impact is considered. Each in-coverage UE is allowed to be selected as a relay without restriction on the number of connections and whether the relay has its own UL traffic.

The analysis is focused on UL forwarding case, since it is more challenging due to multiple factors, such as power/coverage limitation of UL, half-duplex constraint, mutual D2D and UL interference.
The following relay selection criteria are analyzed and shown on Figure 1:

· Best PC5 RSRP. In this case, relay is selected based on maximum received power, assuming same fixed TX power.

· Best DL RSRP (backhaul link). The relay with maximum DL RSRP within proximity range of the remote UE is selected.

· Random. The relay is selected randomly from the proximity range.
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	Figure 1. UL UE Average PER CDF for different relay selection criteria.


Observation 1
· Relay selection based on PC5 RSRP provides the best performance.
Proposal 2

· Confirm working assumption that PC5 RSRP is specified for relay selection procedure.
4 Remaining Details of PC5 RSRP Measurements
The main remaining issue of PC5 RSRP measurements is how PSDCH RSRP (as per working assumption) measurement is mapped to PSSCH/PSCCH quality (RSRP). The following main challenges are considered:
1) Different TX Power of PSDCH and PSCCH/PSSCH. The issue exists because PSDCH and PSCCH/PSSCH channels may have different TX power settings and may depend on eNB-UE pathloss. In order to avoid this issue, the maximum power offset may be limited to some value, i.e. the proper parameter configuration may be set. Another option is to signal the exact power offset value.
2) Coverage imbalance between PSDCH and PSCCH/PSSCH. The issue is that PSDCH may have smaller coverage comparing to the PSCCH/PSSCH depending on the configured number of retransmissions and usage of soft-combining. This aspect discussed in in more details in our RAN4 contribution [4].
3) Measurement error. Another aspect, is that PSDCH RSRP may suffer from the RSRP measurement error [4].
The second and third aspects are further studied by system level evaluation. To study the coverage imbalance of PSDCH and PSSCH/PSCCH, the criterion of best PC5 RSRP is used for relay selection. In the baseline case, the RSRP association threshold is set according to PSSCH link budget and in another case, the association threshold is reduced by 4 dB, which is the expected coverage difference of single-shot PSDCH and 4-TTI PSSCH according to our RAN4 studies [4]. The third scenario is the impact of RSRP measurement error which is modeled by taking the DL RSRP measurement requirement of ±6 dB for introducing the error in PC5 RSRP.
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	Figure 2. Impact of coverage imbalance and RSRP measurement error.


The results show, that the performance is sensitive to the coverage imbalance. The outage probability is increased by ~5%, however the performance on the target PER point 2% is only slightly lower. That is because the interference environment and sidelink link performance become better due to higher by 4 dB sidelink SNR and lower number of simultaneous transmissions in UL spectrum. At the same time, the RSRP measurement error has limited impact on overall system performance, if the best PC5 RSRP relay selection criterion is applied.
Observation 2
· Relay performance is sensitive to PSDCH and PSSCH/PSCCH coverage imbalance in the considered scenario.
Observation 3
· Relay performance is not much sensitive to RSRP measurement error in the considered scenario.

We note, that the coverage imbalance issue may be resolved if multi-TTI PSDCH is allocated and if soft-combining is applied for PSDCH decoding.
5 Summary and Conclusions
In this contribution, we discussed the PC5 measurements for support of L3-based UE-to-Network relays (UE-to-NW) [1]-[2]. Based on the discussion presented in this document we have following proposals:
Observation 1

· Relay selection based on PC5 RSRP provides the best performance.
Observation 2
· Relay performance is sensitive to PSDCH and PSSCH/PSCCH coverage imbalance in the considered scenario.

Observation 3
· Relay performance is not much sensitive to RSRP measurement error in the considered scenario.

Proposal 1

· For Layer-3 relaying, RSRP measurements are sufficient for PC5 link quality characterization.

Proposal 2

· Confirm working assumption that PC5 RSRP is specified and may be used for UE-to-NW relay procedures. Relay procedure details are left for RAN2 WG.
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Annex – System Level Simulation Assumptions
	Parameter
	Cellular
	D2D

	Deployment scenarios
	Partial coverage, Option 5, 57 cells, ISD = 1732m, Indoor-outdoor mix (20% outdoor, 80% indoor) [3]

	eNodeB parameters
	See [3] for Option 5

	Synchronization
	Ideal synchronization

	Spectrum
	10 MHz @ 700 MHz, 50 PRBs

	Maximum TX power
	23 dBm
	23 dBm

	Power control
	Fractional open loop power control with α = 1, P0 = -106 dBm
	Maximum power transmission

	Interference
	UL WAN and D2D operate in the same spectrum, therefore have mutual interference impact from both co-channel and in-band emission.

	Association threshold
	DL RSRP -90 dBm with relay activation threshold -87 dBm [1]
	D2D RSRP -112 dBm

	Pathloss models
	See [3]
	See [3]

	Fast fading models
	See [3]
	See [3]

	UE antenna configuration
	1 TX, 2 RX
	1 TX, 2 RX

	UE number per cell sector
	150 UEs per cell, 10 of them have VoIP traffic.

	In-band emission model
	Modeled according to the mask from TS 36.101 with {3, 6, 3, 3}  offsets as in [3]

	Traffic model
	VoIP (328 bit), voice activity is 75%.

Maximum air-interface latency is 50 ms.
	Only relayed data

	Retransmissions
	HARQ chase combining with maximum 4 transmissions
	4 blind transmissions

	Scheduler
	MLWDF
	N/A (Mode-2)

	Resource Granularity
	N/A
	2 PRB

	T-RPT
	N/A
	Restriction pattern k = 4

	Frequency hopping
	N/A
	Type 1
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