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1. Introduction
In this contribution, we discuss enhancements for relaying operation focusing on network-UE relay case. For efficient relay operation,
· Relay UE needs to provide reference signal for UEs outside network coverage to be time-synchronized to WAN UL. 

· Network configurability over resource allocations for D2D communications between relay UE and UE outside network coverage and enablement of relaying operation is needed.

The resource allocation and relaying operation enablement by network can be further optimized using measurement information reported by UEs. Also, regarding D2D resource allocations, impact to existing WAN UL operation should be carefully considered.
2. Discussion
2.1. Time synchronization
It is discussed in [1] that relay operation can benefit from time-synchronization between relay UE and UE outside network coverage.  Here in section 2, we discuss more in detail why time synchronization become such an importance in relay operation and how we can achieve it. 
One of main differences between relay communication and in-coverage or out-coverage D2D communications is that one UE of a D2D pair(UE outside network coverage) is in the absence of network while the other UE of a D2D pair (in-coverage UE) is synchronized to the network to maintain WAN UL communication. Therefore, it is needed either UE inside network coverage or UE outside network coverage changes its timing and synchronized to the other for D2D communication. 
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Figure 1. timing synchronization 
The following explains some benefits of time synchronization.
· TDM of D2D and WAN UL in relay UEs

Relay UEs need to maintain both WAN UL link to the eNB and D2D link to UEs outside network coverage. Time synchronization between the relay UE and UE outside network coverage enables easier TDM of the two links in the relay UE side. If D2D transmission timing of UE outside network coverage is not aligned with the relay UEs subframe boundary, D2D communication of one subframe may block more than one WAN UL subframes at the relay UE. 

In figure 2, it shows how unsynchronized transmission of D2D communication can block more than one WAN UL subframes. The subframe boundary is misaligned by approximately half subframe and two WAN UL subframes is blocked for D2D communication. 
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Figure 2. Impact of unsynchronized D2D communication on WAN UL
· DL reception in TDD partial coverage case
If no WAN timing information is provided to UEs outside network coverage with TDD, D2D signals transmitted from UEs outside network coverage interfere with DL signal reception of the UEs connected to the network at the cell edge. As a result, PDCCH/PDSCH performance and RRM/RLM measurement will be degraded for those UEs unless D2D signal transmissions are well-coordinated based on the time synchronization. In figure 3, it shows how unsynchronized transmission of D2D communication can degrade WAN DL reception in TDD.
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Figure 3. Impact of unsynchronized D2D communication on TDD DL
Figure 4 shows an evaluation result of DL SINR degradation of UEs inside network coverage from D2D transmissions outside network.  From the original DL geometry in Appendix A, we took out UEs with SINR below -6dB and randomly selected three UEs per a sector to be a D2D transmitter and set the rest of UEs as D2D receiver. Then we set each D2D transmitter start its transmission with probability P in each subframe in a fully uncoordinated manner and observed how DL geometry changes. As shown in figure 4, as P increases (from 0 to 0.2), we can see that DL SINR of UEs in the cell edge becomes more impaired. From this result, it can be noted that for the cell edge users, uncoordinated D2D transmission outside network can be seen as unexpected interference resulting in non-negligible SINR degradation.
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Figure 4. Evaluation of the impact on WAN downlink

From the discussion above, we can derive a conclusion that it is beneficial UEs outside network coverage are synchronized to WAN UL timing for D2D communications. It is shown that it brings more efficient resource usage for TDM of WAN UL and D2D and better interference management for TDD case. 
Proposal 1: it is beneficial UEs outside network coverage are synchronized to WAN UL timing. 
How a UE outside network coverage to attain WAN UL timing is another issue.  One way of providing timing reference to a UE outside network coverage is that a UE inside network coverage broadcast reference signals at regular interval of time for a UE outside network coverage possibly looking for network connection. This can be done by acting the relay UE as the cluster head which becomes the synchronization reference of UEs outside network coverage [1]. The only thing needed for this WAN timing relay is that the relay UE has to use WAN UL timing in transmitting the synchronization reference as the cluster head. A UE outside network coverage, as in out-network scenario, before starting its transmission searches for a synchronization reference signal.  On reception of reference signal from nearby relay UEs, a UE outside network coverage can automatically acquire WAN UL timing and be synchronized. When a UE outside network coverage fails to find any relay UE in its vicinity, it will be synchronized to a cluster head which is another UE outside network coverage or it will become a cluster head starting to transmit reference signal of itself. 
Proposal 2: Relay UE provides reference signal for synchronization for UEs outside network coverage.
2.2. Network configurability for relaying operation
It seems more efficient that eNB has configurability over resource (re)allocations for D2D communications between relay UE and UE outside network coverage and (dis)enablement of relaying operation. This is mainly for the purpose of more efficient resource usage. For a UE to be able to operate as relay on its own decision, static resource allocation for D2D communication is needed and it may lead to resource wastage in case there is low demand for D2D communication. On the other hand, if eNB can configure resource for relay operation and configure a certain set of UEs to enable relay operation, it can balance the amount of D2D resource with WAN UL resources as load for each link changes. 
On determining when to enable relay operation of a certain UE, eNB can make use of measurement results reported by the UE. One form of measurement is that an UE inside network coverage monitors some resources to check the existence of D2D signal transmission from outside coverage UEs around it. This monitoring can be done in the form of detecting the signal energy or a pre-defined signature in the resources where UEs outside network coverage are expected to perform D2D operations. Such measurements can be done in a synchronous manner among multiple UEs inside network coverage provided that for a certain period of time, no WAN UL is scheduled. On reception of measurement reports, eNB can configure some UEs who reported detection of UEs outside network coverage to enable relaying operation such as broadcasting reference signals. Similarly, eNB also can configure a UE to disable relay operation based on the measurement report. When relay UE have not found any UEs outside network coverage or lost contact with them, relay configured UE can report the situation to eNB thereby reconfigured to be relay disabled.
In addition to measurement report, load information can be used to enhance efficiency of relay operation. As D2D load changes, relay UE can report it to its eNB and eNB can adjust the amount of resources allocated for D2D communications based on the report.
Proposal 3: Network configurability on resource allocation/reallocation for D2D communications and relaying operation enablement/disablement is needed for efficient relaying operation. Network can also make use of measurement results reported from in-network relay UEs or potential relay UEs.
2.3. WAN UL impact
For relay operation, eNB configures parts of UL resources for D2D communications such that D2D communication is TDMed with WAN UL communication. The UL subframes configured for D2D communication can be periodic or non-periodic. Since those UL subframes are not to be used for WAN UL at relay UE, some of existing relay UE to eNB operation can be affected. 

· HARQ-ACK: HARQ-ACK corresponding to the PDSCH received in subframe n cannot be transmitted if subframe n+4 is configured for D2D communication. To handle this problem, UE can shift HARQ-ACK transmission to the next available UL subframe.

· Semi-static UL transmission: With proper eNB configuration, semi-static UL transmissions (such as SRS, SPS and CSI) can be scheduled not to overlap D2D subframes. However, depending on the flexibility of D2D subframe configuration, it can be difficult to avoid all the possible collision. A proper UE behavior needs to be defined to handle this problem, then,
· Multi-subframe transmission: Since it is probable for partial network scenario that UEs at the cell edge will operate as relay UE, relay UEs can be configured to enable multi-subframe transmission (such as HARQ-ACK repetition and TTI bundling). With multi-subframe transmission enabled, it is also possible that one or more subframes in a transmission interval collide with D2D subframes. Proper collision resolution method needs to be studied.
Observation 1: Some WAN UL subframes are not to be used for WAN UL communication due to D2D communication at relay UE. Further study is needed to efficiently accommodate D2D communications while minimizing its impact on WAN UL.
3. Conclusion
This contribution discusses several issues on enhancements for relaying operation. The following proposals were made:
Proposal 1: it is beneficial UEs outside network coverage are synchronized to WAN UL timing.
Proposal 2: Relay UE provides reference signal for synchronization for UEs outside network coverage.
Proposal 3: Network configurability on resource allocation/reallocation for D2D communications and relaying operation enablement/disablement is needed for efficient relaying operation. Network can also make use of measurement results reported from in-network relay UEs or potential relay UEs.
______________________________________________________________________
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Appendix A: Simulation assumptions
	Carrier frequency
	700MHz

	Total # of UEs 
	1824= 57*32 

	Frequency offset
	0 Hz (not considered)

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	Layout 
	19 sites, 3 sectors per sites, site 5,11,17 are enabled and the rest are disabled (set zero transmission power)

	ISD 
	1732m

	UE dropping 
	uniform drop (outdoor)

	Out-of-coverage criterion 
	-6dB geometry 

	Macro eNB-UE Channel model
	ITU urban macro model (referring to Table B.1.2.1-1 in TR36.814) 


Table 1. Simulation assumptions
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Figure 5. Geometry distribution
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