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1. Introduction
In RAN#66, a work item proposal [1] for enhanced LTE device to device proximity services was approved. The work item needs to cover the following objectives for D2D communication:
Define enhancements to D2D communication to enable the following features:
0. 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. 
0. Priority of different groups support. 
In this contribution, we discuss enhancements to support UE-to-network relay to provide coverage extension.  

2. Reliable connectivity for UE-to-network relay
To ensure reliable connectivity for UE-to-network relay, we need to handle concurrent communication processes for the following two cases.  
The first case is concurrent communications on the Uu and PC5 interfaces. Due to the half-duplex constraint, a relay UE cannot receive on the PC5 interface while transmitting on the Uu interface in the same subframe. The eNB should be aware of the resource pools configured for communication on the PC5 interface. Then, the eNB can schedule communication on the Uu interface accordingly. For unavoidable collisions, a relay UE should give priority to transmission on the Uu interface. 


Fig. 1. UE-to-network relay

The second case is concurrent transmission and reception on the PC5 interface as shown below:  
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                       Fig. 2. Bidirectional transmissions between relay UE and remote UE
In Release 12, only broadcast mode was specified for D2D direct communication. In Release 13, due to standardization time limitations, communication between the relay and the remote UE should be built on top of Rel-12 broadcast communication functionalities. In Rel-12,the in-coverage relay UE can employ mode 1 or mode 2 resource allocation for D2D transmission and the out-of-coverage remote UE can only employ mode 2 resource allocation for D2D transmission. For mode 2 resource allocation, a UE performs random selection of the T-RPT and PRBs from the configured resource pool in each SC (sidelink control) period. The remote UE selects its T-RPT and PRBs independently from the relay UE. There may be collisions between transmissions in some sub-frames, which means the Relay UE and remote  UE transmit in the same sub-frame. Due to the half-duplex constraint, a UE cannot receive a PHY packet while transmitting in the same sub-frame. Hence when a collision occurs, the number of PHY packets received by a UE for soft combining is reduced, which would adversely affect  UE-to-Network relay performance. 
One possible solution is to configure separate resource pools for relay UE and remote UEs. The resource pools and the T-RPT patterns should be configured to be the complement of each other, so the T-RPT patterns can be paired to make a complementary set which are orthogonal in the time domain to avoid the half-duplex constraint. 
If the relay UE and the remote UE use the same resource pool, joint allocation of transmission patterns for the two UEs is desired. This may be achieved by one of the following schemes, for example:
· Scheme 1: as proposed in [2], within an SC period, the relay UE signals the T-RPT transmission pattern to the remote UE. The remote UE can use the signalled T-RPT pattern for subsequent D2D data transmissions. There are some disadvantages associated with this scheme, however. First, the relay UE does not know whether the remote UE will actually transmit or not in an SC period. The relay UE has to transmit the control signalling in each SC period regardless, which might cause unnecessary power consumption and interference to other UEs. Second, the relay UE has to try decoding data for each SC period even there is no data transmitted from the remote UE (unless the remote UE were to transmit an SA in the event of having data to transmit, echoing back the relay UE’s signalled T-RPT pattern).  
· Scheme 2: the T-RPT transmission pattern is configured as a pair, in which the T-RPT pattern used by one UE (e.g. the relay UE) is known to the other UE (e.g. the remote UE). Then the remote UE can choose a complementary T-RPT pattern which does not overlap with the T-RPT pattern by the relay UE in the time domain, as shown in Figure 3.  ,One way to realize this is to let the relay UE pseudo-randomly select a T-RPT transmission patterns over SC periods based on the information common to both UEs. The remote UE can choose a complementary T-RPT pattern accordingly. In this way, no additional control signalling on pattern selection would need to be exchanged between the two UEs.  The scheme is also compatible with the Rel-12 scheme since the random property of T-RPT pattern selection is retained.


Fig. 3. Non-overlapped unicast communications between relay and remote UEs

Proposal 1: The eNB should be aware of the resource pools configured for communication on the PC5 interface and then schedule Uu transmissions by relay UEs accordingly.
Proposal 2: On the PC5 interface, relay UE and remote UEs use a pair of T-RPT patterns which are mutually orthogonal in the time domain. The relay UE selects its T-RPT first, by pseudo-random selection. 

3. Mobility support for UE-to-network relay   
In Release 13, service continuity needs to be considered as part of the enhancements to D2D communication to enable the extension of network coverage using L3-based UE-to-Network Relays. Mobility scenarios due to movement of either  the relay UE or the remote UE should be handled to ensure  continuous connectivity for the remote UE. 
Mobility management of the relay UE is an important enabling feature to support service continuity. In the example illustrated in figure 4, the remote UE connects with a relay UE (relay UE 1), but relay UE 1 cannot continue being  a relay due to one or more of the following events , 
· Bad channel quality on the PC5 interface  
· Bad channel quality on the Uu interface , 
· Lowbattery level at the relay UE.,
· Relay UE terminates D2D transmission.
The relay UE re-selection process is triggered when an event occurs. Another UE (relay UE 2) is then selected as the relay. The relay UE reselction will establish new connections  on both PC5 and Uu interfaces. In the meantime, the existing communication path via relay UE 1 still needs to be maintained for a while to support service continuity. Hence there exists a period when a remote UE connects with two relay UEs simultaneously, which is similar to a soft handover scenario.  



              Fig. 4. A remote UE connects with multiple relay UEs during relay switch

As specified in Release 12, D2D sub-frames are divided into SC (sidelink control) periods. Only a single SCI (sidelink control information) and the corresponding data transmission are allowed within an SC period, which means a remote UE can only transmit to a single relay UE within an SC period. The SC period configurable is between {40, 80, 160, 320}ms. This limitation can introduce substantial latency for relay switching and impact service continuity. Hence, to better support service continuity, a D2D UE should be allowed to transmit to multiple D2D UEs within an SC period. 
Proposal 3: To better support service continuity for UE-to-network relay, a D2D UE needs to be enhanced to transmit to multiple D2D UEs within an SC period. 


4. Conclusions
In this contribution, we discuss enhancements to support UE-to-network relay to provide coverage extension.  
We make the following proposals:
Proposal 1: The eNB should be aware of the resource pools configured for communication on the PC5 interface and then schedule Uu transmissions by relay UEs accordingly.
Proposal 2: On the PC5 interface, relay UE and remote UEs use a pair of T-RPT patterns which are mutually orthogonal in the time domain. The relay UE selects its T-RPT first, by pseudo-random selection. .   
Proposal 3: To better support service continuity for UE-to-network relay, a D2D UE needs to be enhanced to transmit to multiple D2D UEs within an SC period. 
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