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1
Introduction
In this contribution, we discuss how to facilitate L3 based UE-NW relay [1]:

	2) Define enhancements to D2D communication to enable the following features:

a) Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)


This contribution is structured as follows (changes from RAN1 #80BIS contribution [6] are highlighted in red):
· Section 2 discusses the background and the proposed solution at a high level

· Section 3 discusses proposals for relay discovery along with simulation results

· Updated simulation results, and proposals for Relay selection are provided 

· Section 4 discusses relay association, service continuity, and support of eMBMS

· Section 5 discusses proposals for supporting in-band relaying to mitigate half duplex/scheduling constraints

· Section 6 discusses measurement definition for D2D as per input from RAN2

· Section 7 concludes the contribution
2
Relay background and proposed solution
The UE-to-NW relay architecture [2] is shown below:
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Figure 7.2.1.2.1: ProSe UE-to-Network Relay [2]


Next, we describe the proposed solution at a high level in terms of the physical channels used based on the call flow described [2] in the figure below:
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Figure 1 Proposed solution based on the call in Figure 7.2.2.1 in [2]
We note that the proposed solution at a high level is to
· Use Discovery at the physical layer for the Relay Discovery (Step 2 above) – discussed further in Section 3

· Use communication at the physical layer for Relay association and subsequent data 

3
Relay discovery
Before discussing the details of Relay discovery, it is useful to understand how Relay selection should be performed. Therefore this section is structured as follows:

· Section 3.1 discusses various Relay selection criterion with simulation results

· Section 3.2 discusses Relay discovery message content based on the simulation results
· Section 3.3 discusses the design for Relay discovery 

3.1 Relay selection 

We look at the question of which Relay UE a given remote UE should select as Relay. We note that the following criterion can be use:

· Scheme I and II: Relay UE backhaul quality – we consider two schemes: DL RSRP, DL SINR

· That is, the selected Relay UE is the one with highest DL RSRP (or SINR) that is within D2D link budget

· Scheme III: Remote UE to Relay UE pathloss (called D2D RSRP)

· That is, the selected Relay UE is an in-coverage UE with the lowest pathloss to the remote UE 

· Scheme IV: PHY agnostic selection – called Random selection
· Relay UE selected randomly from the UEs that are in NW-coverage and in D2D link budget of remote UE
· Schemes V and VI: candidate Relay UEs are selected based on DL RSRP  -- we study two variants of this scheme (i) candidate Relay UEs are UE with RSRP < -85 dBm and (ii) candidate Relay UEs are UEs with RSRP > -85 dBm. (Motivated in part by discussion in [7]). The remote UEs then select Relay based on D2D RSRP. 
We note that unlike Schemes I to IV, schemes V and VI actually apriori reduce the set of relay candidates and thereby possibly reducing the number of UEs relayed. Given this, for a fair comparison we update our metrics to include number of UEs relayed as a metric in addition to simplifying the WAN resource usage metric to specify it per access link packet relayed. 

Therefore, we look at two main criterion for characterizing these 4 schemes:

· End-to-end performance – measured by 
· Number of UEs relayed (shown in Table 1 below)

· CDF of  packet failure for UEs relayed (shown in Figure (a) below)

· Note that this is typically dominated by the D2D performance on the access link as WAN is lightly loaded
· WAN resource utilization

· Per packet per access link (shown in Table 1 below)

· UL SINR cdfs (shown in Figure (b) below) – note that the CDFs are adjusted as per the number of UEs relayed for a fair comparison.
We simulate the above 6 schemes based on Option 5 partial network drop for voice and video. End-to-end simulations are performed with a mix of direct WAN UEs, relay UEs and remote UEs, and the detailed simulation assumptions are given in Appendix A.  Figure 2 below shows an example drop and its zoomed-in section, showing WAN links (both direct and backhaul) and access links. All WAN connected UEs are shown as a dot, Relay UEs amongst them are distinguished as a circle, and remote UEs are shown as a square... Table 1 shows the Relay and WAN utilization performance at a system level, and Figure 3 shows the detailed performance in terms of the metrics discussed above.
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Figure 2 Example Drop and Relay association
	Scheme\Metric
	Number of UEs relayed

(VoIP) 


	WAN resource utilization per packet per access link (VoIP)
	Number of UEs relayed (Video)
	WAN resource utilization per packet per access link (Video)

	DL RSRP
	354 out of 444 (79%)
	2.27 RBs (+2%)
	318 out of 444 (71%)
	3.60 RBs (+1.5%)

	DL SINR
	354 out of 444 (79%)
	2.22 RBs (Baseline)
	318 out of 444 (71%)
	3.54 RBs (baseline)

	D2D RSRP
	354  out of 444 (79%)
	2.77 RBs  (+24%)
	318 out of 444 (71%)
	5.08 RBs (+43%)

	Random
	354 out of 444 (79%)
	2.72 RBs (+22%)
	318 out of 444 (71%)
	4.92 RBs (+38%)

	DL RSRP < -85 dBm
	298 out of 444 (67%)
	3.03 RBs (+36%)
	282 out of 444 (63%)
	6.52 RBs (+84%)

	DL RSRP > -85 dBm
	276 out of 444 (62%)
	1.92 RBs (-13.5%)
	215 out of 444 (48%)
	2.60 RBs (-26.5%)


Table 1 Relay performance and WAN impact 
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(a) VoIP                                                                                  (a) Video
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(b) VoIP                                                                                   (b) Video

Figure 3 UE-NW Relay performance

Based on the simulation results, we make the following observations:

Observation 1: D2D RSRP based selection has the best end-to-end performance.

Observation 2: DL RSRP or SINR based selection use the least WAN resources while providing acceptable end-to-end performance. D2D RSRP based schemes increase WAN resource utilization by 24% (VoIP) and 43% (Video) over DL SINR based schemes.
Observation 3: Random (or PHY agnostic) solution does worse both in terms of end-to-end performance and WAN resource utilization. 

Observation 3-1: DL RSRP based thresholding schemes lead to less number of UEs relayed.

3.2 Relay discovery information
We note that based on simulation results in Section 3.1, it is beneficial to include backhaul quality estimate in Relay selection mechanism, and hence make the following proposal: 
Proposal 1: Relay discovery mechanism should provide information regarding backhaul quality at the Relay UE.

Further, we note that simulation results indicated that both D2D RSRP and backhaul quality are relevant metrics for Relay selection. Since whether end-to-end performance or resource utilization is prioritized can depend on specific scenario, WAN load, and application.
We consider following options for Relay selection:

· When Remote UE is in coverage: this should be done based on measurement/reporting to eNB. This is discussed in a companion contribution [8]. 

· When Remote UE is out of coverage, two options can be considered:

· Option 1: left to UE implementation

· Option 2: specify mechanism for selection based on D2D and WAN quality. One such approach can be considered as  w * D2D quality + (1-w) * WAN quality where w is pre-configured constant. The benefit of this approach is that with appropriate w, both aspects (end-to-end performance and WAN resource utilization) can be considered and appropriately accounted for.

Proposal 2: When remote UE is out of coverage, relay selection mechanism can be done based on Option 1 (left to UE implementation) or Option 2 (specified mechanisms with configurable parameter to weigh D2D and WAN link qualities). 

3.3 Relay discovery design

We next discuss Relay discovery design, and note the following comparison done in RAN1#80 for discovery vs communication as transport channels [2]. We note that all the aspects compared also apply to UE-NW relay discovery. 

	
	Discovery transport channel
	Communication transport channel

	Applicability to UE-NW Relay discovery?

	Resource efficiency


	Number of resources configurable between 1 and 4 sub-frames per period (2 RBs per sub-frame).
	Number of resources: 6 sub-frames (2 Control SFs with 1 RB each and 4 Data SFs with at least 2 RBs for message size of 232 bits). Further, resources are assumed to be occupied for the entire control period. 
	Yes

	Power efficiency


	UEs stay awake during discovery sub-frames. 
	UEs stay awake during control sub-frames and also during the entire data period when control message of interest was received 
	Yes

	Half duplex 

	Depends on resource configuration – typical RAN1 simulations had half duplex probability of 1/64 within a period. 
	Depends on resource configuration – typical RAN1 simulations had half duplex probability of 1/6 within a period.  
	Yes

	Latency 

	Period configurable between {320, 640,1280, 2560, 5120, 10240} ms
	Period configurable between {40, 80, 160, 320} ms
	Yes

	Message size 
	Fixed – 232 bits
	Variable – 40 bits to 25k bits

(Note: larger resource and shorter range at higher message size)
	Yes


Table 2 Discovery vs Communication comparison [3]
We further note that discovery message content proposed in Section 3.2 along with discovery information given in [2] fits within the 232 bit message. Therefore we propose that:

Proposal 3: Relay discovery should use the discovery channel at the physical layer. 

We note that latency requirement for Relay discovery can be much more stringent than that for other discovery applications. Thus it is beneficial to allow Relay discovery to happen at a faster time scale, and hence we propose

Proposal 4: a separate and dedicated resource pool is used for Relay discovery messages. Additional values of discovery period can be considered to support lower latency of {40, 80, 160} ms.
4
Relay association, service continuity, and eMBMS

We briefly discuss Relay association, service continuity and eMBMS in this section. The details are given in a companion RAN2 contribution [8, 9].
4.1 Relay association 
After Relay selection is performed, we propose that Relay association is done via higher layer (L3) signalling over the D2D communication protocol.

4.2 Service continuity

We note that there are two main cases for service continuity which mainly impacts RAN2/RAN4 specifications:
· Case 1: when Relay UE and Remote UE go out of range of each other.

· Case 2: when Remote UE comes in coverage or when an in-coverage UE goes out of coverage (and becomes a remote UE)
For service continuity, both cases should be supported.  It is FFS (pending RAN2 progress) whether any RAN1 support including new measurements are needed for service continuity.
4.3 eMBMS Relays
SA2 is discussing procedures for UE to NW relays to forward eMBMS traffic [2]. A remote UE can select the relay based on the discovery message and associate with that relay using L3 messaging similar to unicast relay. The Remote UE can then reach the MBMS server to get the information about a specific TMGI it is interested in. The Relay UE starts monitoring this TMGI and broadcast the corresponding traffic for the Remote UE to consume. In this case, in addition to transmitting the discovery message with content as mentioned in section 3.2, the Relay UE also announces a second discovery message for the sake of any other remote UEs that might be interested in the TMGIs currently served.  
5
Support for in-band relaying 
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Figure 4 In-band Relays
In this section, we discuss aspects of in-band relaying. We note that there are two problems at the Relay UE for supporting in-band relays (i) Half duplex problem (ii) Scheduling constraint
The half duplex problem is caused by:

1.
UE transmitting to eNB on UL frequency (or subframes)

2.
UE receiving from the remote UE on the UL frequency (or subframes)

The scheduling constraint is caused by:

1. UE transmitting to eNB on the UL frequency (or SFs) using a single-carrier PUSCH waveform 
2. UE transmitting to the remote UE on the UL frequency (or SFs) using single carrier PSCCH/PSSCH waveforms

Thus, it is not possible for Relay UE to transmit or receive simultaneously on the access and backhaul links and hence some coordination is needed.

First, we observe that Rel-12 rules for prioritization are specified to prioritize WAN.
Observation 4: Relay UE prioritizes WAN transmission over D2D transmission or reception as per Rel-12. 

However, this can limit the performance as D2D link may become the bottleneck causing for example wasted resources on the WAN link as well. Thus, to facilitate the access link performance, eNB can configure Relay UE with set of sub-frames that can be used for D2D communication. This for example can be set of HARQ processed where the eNB doesn’t expect to schedule a transmission from the UE.

We note that R-12 mechanism for resolving half duplex and scheduling constraints would require a system level partitioning via a resource pool definition for D2D. This will increase interference seen on D2D link due to a smaller set of sub-frames, and also lead to resource wastage for out of coverage as only a small set of sub-frames will be used for D2D. 
Proposal 5: eNB can configure Relay UE with set of SFs to be used D2D transmission or reception. These for example can be a set of HARQ processes where the eNB doesn’t expect to schedule a transmission from the UE for WAN.

6
D2D Measurements

RAN2 in their LS (R1-152439), mentioned the decision to perform D2D measurements to determine link quality between remote UE and relay UE candidates.  Further based on results in Section 3, it is clear that D2D link quality is critical in terms of end to end performance. Therefore, in this section we consider various existing physical channels in terms of their suitability which is summarized in Table 3 below:
Table 3 D2D measurement options

	Channel/Signal
	Pros
	Cons


	PSBCH/DMRS
	Sent always

Measurement already defined
	Not relay UE specific

	PSDCH/DMRS
	Sent always
	Not wideband 

	PSCCH/DMRS 
	More indicative of data performance
	Not wideband

Sent only when data to send

	PSSCH/DMRS
	More indicative of data performance
	Variable bandwidth 

Sent only when data to send

	New physical channel or signal
	Could be designed for this purpose
	More standardization work


Based on the analysis above, we consider PSDCH as a good candidate for defining measurement and investigate the impact of narrowband transmission on RSRP accuracy via link level simulations. The results are given in the figure below and compared with PSBCH measurement results (as a reference).
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Figure 5 CDF of RSRP measurement error: PSBCH (solid) vs PSDCH (Dotted)
We note that the results are based on averaging of 4 measurements which would need at least 1.2 seconds for PSDCH as per existing configuration and hence support for lower periods (Proposal 4) would be needed in order to avoid delays due to measurement averaging. We further note that these results do not account for errors such as RF calibration errors that RAN4 will take into account when coming up with requirements if such a measurement is defined.  We also note that to achieve the low SNR performance for PSDCH decoding, number of repetitions > 0 may need to be configured (this was not simulated). 

Observation 5: narrowband PSDCH causes about 1.5 dB degradation in RSRP accuracy for AWGN and 1 dB degradation for EPA compared to PSBCH after averaging 4 transmissions. 

7
Conclusion

In this contribution, we considered UE-NW relay along with simulation results, and made the following observations and proposals:
Observation 1: D2D RSRP based selection has the best end-to-end performance.

Observation 2: DL RSRP or SINR based selection use the least WAN resources while providing acceptable end-to-end performance. D2D RSRP based schemes increase WAN resource utilization by 24% (VoIP) and 43% (Video) over DL SINR based schemes.

Observation 3: Random (or PHY agnostic) solution does worse both in terms of end-to-end performance and WAN resource utilization. 

Observation 3-1: DL RSRP based thresholding schemes lead to less number of UEs relayed.

Proposal 1: Relay discovery mechanism should provide information regarding backhaul quality at the Relay UE.

Proposal 2: When remote UE is out of coverage, relay selection mechanism can be done based on Option 1 (left to UE implementation) or Option 2 (specified mechanisms with configurable parameter to weigh D2D and WAN link qualities). 

Proposal 3: Relay discovery should use the discovery channel at the physical layer. 

Proposal 4: a separate and dedicated resource pool is used for Relay discovery messages. Additional values of discovery period can be considered to support lower latency of {40, 80, 160} ms.
Observation 4: Relay UE prioritizes WAN transmission over D2D transmission or reception as per Rel-12.

Proposal 5: eNB can configure Relay UE with set of SFs to be used D2D transmission or reception. These for example can be a set of HARQ processes where the eNB doesn’t expect to schedule a transmission from the UE for WAN.

Observation 5: narrowband PSDCH causes about 1.5 dB degradation in RSRP accuracy for AWGN and 1 dB degradation for EPA compared to PSBCH after averaging 4 transmissions
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Appendix A: Simulation Assumptions

	Parameter
	Value

	Drop
	Option 5 (In-Out) with 3 North-West eNBs (9 cells)

Note: this drop is similar to, but slightly different than, the partial network drop in 36.843.

10 UEs/cell with traffic (UL only) – total 570 UEs
150 UEs/cell as potential Relays

	Channel model
	As per TR 36.843

	Transmit power
	23 dBm for WAN, 31 dBm for D2D

	RF parameters
	As per TR 36.843

	Traffic model
	VoIP or Video [5] (UL Only) 
Video model assumes fixed 100 Byte packets – effective rate of 64kbps.

	D2D/Relay association threshold
	138 dB for VoIP, 130 dB for Video

	IBE
	{3,6,3,3}

	WAN to D2D interference

D2D to WAN interference
	None – assumed to be on separate channels

	D2D scheduler
	Random (R-12 design) 

2 RB (VoIP), 6 RB (video)
4 Transmissions/Packet

	WAN scheduler
	Round robin 

Variable # Transmissions and #of RBS/Packet

	WAN power control
	P0 = -106, alpha = 1

	D2D power control
	None


Table 4 Simulation assumptions[image: image12.png]
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