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1 Introduction

At RAN1#88bis meeting, unidirectional and bidirectional UE-to-NW relaying mode was discussed. An agreement was reached to further study their commonalities[1]:
· Continue analysis of unidirectional UL and bidirectional relaying modes and identify commonality from physical layer perspective.
The relaying mode will impact the solution design for FeD2D as well as cost & power consumption of remote UE. In this contribution, both relaying modes (unidirectional UL and bidirectional) will be analyzed and compared. 
2 Discussion
2.1 Scenario

Figure 1 illustrates both bidirectional and unidirectional UE to network relaying modes. In bidirectional mode shown in Figure 1(a), the relay UE forwards the DL & UL traffics from eNB to UE and vice versa. Remote UEs can directly communicate with eNB before they select an appropriate Relay UEs as well as when they switch between the eNB and relay UEs.. When remote UEs are out of coverage, the traffic between eNB and UEs is forwarded by their selected relay UEs.
In unidirectional mode, shown in Figure 1(b), the remote UEs receive the DL traffic directly from eNB and the relay UE only forwards the UL traffic from UE to eNB. Although this mode can reduce the relay UE complexity, it cannot fully support out-of-coverage remote UEs.
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Figure 1.  Two relaying modes

2.2 Comparison of relaying modes

Bidirectional relaying mode and unidirectional relaying mode have different impacts on FeD2D physical layer design, including synchronization, discovery and communication. The differences are mainly due to the functionalities or capabilities supported by relay UEs and remote UEs, especially the SL reception capability of remote UEs. For example, for bidirectional relaying mode, a remote UE can synchronize with the selected relay UE while Type 2 remote UEs need to synchronize with the eNB in unidirectional relaying mode. Table 1 compares some design aspects of two relaying modes, considering remote UE, relay UE and eNB. 
Table 1 Comparison of relaying modes

	
	Bidirectional relaying mode
	Unidirectional relaying mode
	Commonality

	Remote UE
	DL traffic from eNB
	Receive transmissions forwarded by Relay UE
· DL massive TTI bundling may be avoided
	Receive transmissions directly from eNB
· Still need DL massive TTI bundling
	No (also no need for additional design for unidirectional relaying)

	
	UL traffic to eNB
	Forwarded by Relay UE
	Forwarded by Relay UE
	Same

	
	Synchronization
	Synchronize to Relay UE or eNB
	Synchronize to eNB (depending on SL reception capability)
	Similar, 

same complexity

	
	Discovery
	Both Model A discovery and Model B discovery can be used
	Discovery via eNB may be required, depending on SL reception capabilities:
· For Type 1 UE: Model A discovery and Model B discovery can be used if supporting SL reception

· For Type 2 UE: only support discovery via eNB
	Different

	
	Transmission power
	Controlled by eNB or Relay UE
	Controlled by eNB
	Partial similarity

	
	Out-of-coverage
	Support
	Not support
	No

	Relay UE
	DL traffic forwarding
	Support 
	Not support
	No

	
	UL traffic forwarding
	Support
	Support
	Same

	
	Transmission of synchronization signal
	Relay UE can transmit synchronization signal
	No need to transmit synchronization signal
	No

	
	Resource allocation/scheduling
	Support 3 kinds of resource allocation mechanisms:

· eNB controlled scheduling with Relay UE forwarding

· Relay UE assisted allocation/scheduling

· Remote UE assisted resource allocation
	Support 2 kinds of resource allocation mechanisms:

· eNB controlled scheduling
· Remote UE assisted resource allocation


	Partial similarity

	
	Link adaptation
	Controlled by eNB or Relay UE or Remote UE

Relay UE can perform power control
	Controlled by eNB

· No feedback from Relay UE
	Partial similarity

	
	Transmission power
	Controlled by eNB or Relay UE
	Controlled by eNB
	Partial similarity

	eNB
	eNB can have full control on communication between remote UE and relay UE; or,

eNB can provide assistance to Relay UE on resource allocation, link adaptation, power control, etc. 

· Relay UE has privilege to manage the sidelink
	eNB have full control on communication between remote UE and relay UE
· With report from Relay UE

· Relay UE cannot manage the sidelink
	Partial similarity

	Pros
	Reduce power consumption of remote UE both in UL and DL, especially when remote UE is near cell edge;

Extend the coverage: support OoC remote UE;
Reduce latency and signalling overhead when some functionalities are performed by Relay UE: link adaptation, resource allocation
	Avoid cost increasing caused by SL reception;

Reduce power consumption of remote UE in UL;

Not increasing DL latency

	--

	Cons
	Introduce latency in DL;

Increase some complexity caused by SL reception
	Introduce latency in UL, caused by link adaptation, resource allocation, power control, etc.
Not support OoC remote UE
	--


From the table, we can observe that there are commonalities between unidirectional relaying and bidirectional relaying, such as UL traffic forwarding by relay UE and functionalities controlled by eNB. Most of the design for unidirectional relaying mode can be covered by bidirectional relaying mode. A specific design is only needed for discovery. 
Observation: Except for discovery, most of the unidirectional relaying mode can reuse the bidirectional relaying mode design.
Unidirectional relaying mode cannot support out-of-coverage remote UEs, thus does not meet the scenario requirements in [2]. Furthermore, significant power consumption can be saved with bidirectional relaying mode when the remote UE is near the cell edge. In addition, RAN2 made the following agreement at RAN2#95:

·  RAN2 will initially focus on bidirectional relay design, but should consider impact of the design in unidirectional
Hence, we propose RAN1 follow RAN2’s conclusion:
Proposal: RAN1 should focus on bidirectional relay design, and consider the impact of the design on unidirectional relaying.
3 Conclusion
In this contribution, we compare the unidirectional relaying mode and bidirectional relaying mode for FeD2D communication. Based on the discussion, we make the following observation and proposal:
Observation: Except for discovery, most of the unidirectional relaying mode can reuse the bidirectional relaying mode design.

Proposal: RAN1 should focus on bidirectional relay design, and consider the impact of the design on unidirectional relaying.
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