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1 Introduction

In RAN#72, a new study item for further enhancements to LTE Device to Device Communication for support of UE to Network Relays for IoT and Wearables was approved [1].  The primary objective of the study is to address power efficiency for evolved Remote UEs (e.g. wearable devices).  The study item will study following coverage scenarios: 

· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 

· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).
· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.
In this paper, we consider the different routing options for the relay solution, while taking into account the main coverage scenarios which need to be addressed in this SI.
2 Discussion
The IoT and Wearables SI description [1] mentions a number use cases to be studied for the evaluation of a generic L2 relay.  One of these use cases is that of unidirectional relays, where only the UL or the DL traffic are routed via the relay link (with the other direction being routed over the Uu link directly).  In addition, one can envision that it would also be possible to route control plane and user plane traffic separately over these two links.  Such a split of CP and UP may be advantageous, for example, to allow more robust control plane signalling. 

A number of options therefore exist for routing of UP and CP traffic, either over Uu or via the relay.  Only some options have a clear advantage when considering the SI’s primary objective of power efficiency.  For instance, since the remote UE may be in extended coverage, avoidance of UL transmissions over Uu is desirable.  As a result, the following 4 routing options are considered in more detail in this paper:

· Option 1: CP and UP over the relay connection
· Option 2: UL only (CP and UP) over the relay connection
· Option 3: UP only (UL and DL) over the relay connection
· Option 4: UP UL only over the relay connection
In the discussion that follows, we consider only the routing of CP and UP under the condition where the remote UE is connected to the relay and forwarding its data via its relay link.  Aspects related to the transition into or out of this condition are further considered in our companion contribution [2].
Option 1: CP and UP over the relay connection
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In this option, both control plane and user plane data go through the relay UE.  This option has the advantage that the remote UE does not need to perform active communication with the eNB in parallel with relay communication, and therefore maximizes power savings by the remote UE.  For instance, if the relay connection is non-3GPP, the remote UE may potentially turn off its LTE transceiver completely.  This option is also best for a low-cost/low-complexity UE, since it allows for a single LTE transceiver to be used for PC5 communication.  
Observation 1 Option 1 is most advantageous from the point of view of power consumption and UE complexity.
One of the coverage scenarios included in the SI is that of the relay UE in coverage while the remote UE is out of coverage.  This scenario can only be supported by option 1, as the other options described below all assume some form of communication over Uu while the UE is in coverage or in extended coverage.  As a result, we assume that option 1 should be included in the SI.
Proposal 1 Include option 1 into the TR and consider it as a required option in order to support the out of coverage scenario. 

For the scenario of the remote UE being in coverage or extended coverage, the SI mentions the study of service continuity when switching between Uu link and relay link.  If sudden degradation of the relay link occurs, for example, due to mobility, option 1 may have issues to support service continuity since a loss of the relay link would result in a longer delay for establishing a connection with the network.  As a result, it would be necessary to study other options for the case where the remote UE is in coverage or extended coverage.  

Observation 2 Option 1 may have issues related to service continuity when mobility is considered.

Option 2: UL only (CP and UP) over the relay connection
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In this option, the UE transmits UL CP and UP data over the relay, and receives DL CP and UP data over Uu from the eNB.  With DL CP signalling present over Uu, this option may reduce some of the delay associated with switching between Uu and PC5 during loss of the relay link.  It also has a clear power savings advantage in that the UL data transmission, which can be expensive from a power consumption perspective particularly for UEs in extended coverage, is avoided by the remote UE.  An added advantage of this option is the avoidance of half-duplex issues on PC5, as the remote UE performs only transmission on PC5 and the relay UE performs only reception.         
Observation 3 Option 2 has advantages related to service continuity, UE power consumption, and avoidance of PC5 half-duplex issues.
One important question which arises for the case of unidirectional relays is how the UE would send its feedback for the Uu link to the eNB (e.g. HARQ A/N, CQI).  While such feedback could be sent over the relay link, the complexity of such an approach in terms of managing timing would be significant.  Feedback could be sent directly over Uu by requiring the UE to transmit PUCCH.  In this case, this option would lose some of its power savings benefits.   

Observation 4 Option 2 may require the transmission of feedback by the UE over Uu.
Option 3: UP only (UL and DL) over the relay connection
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In this option, the UE transmits/receives all UP data over the relay, while CP is transmitted/received on Uu via the eNB.  Although the UE transmits CP data over Uu, this option still achieves some power savings, especially if the communication is dominated by UP data.  In comparison to option 2, the need for feedback transmission on PUCCH is limited only to signalling and not required for data. Also, since control plane signalling is entirely transmitted over Uu, this option may be best suited to handle mobility and service continuity using existing RRC procedures.  Such an option may also simplify the implementation of a non-3GPP relay, as it allows for RRC signalling to continue to be sent as today while data is sent over the non-3GPP link. 
Observation 5 Option 3 has the advantage of handling service continuity in the case of relay link failures using existing RRC procedures.

Option 4: UP UL only over the relay connection
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In this option, the UE transmits only UP over the relay UE.  The DL UP is received from the eNB over Uu, and the CP traffic is entirely over the Uu.  In comparison with option 3, this option adds the additional power consumption of transmitting feedback for downlink data over Uu.  However, it avoids the PC5 duplexing complexity.   
Observation 6 Option 4 reduces PC5 complexity compared to option 3, at the expense of transmission of feedback for DL data over Uu. 

Each of the above options have advantages related to one or more specific aspects:

· UE power consumption 
· UE complexity (number of TX/RX chains)
· Ease of support for service continuity between Uu and Relay links
· Transmission of UE feedback over Uu
· PC5 half/full duplex 

· Ease in supporting non-3GPP relay link

As a result, in order to select the best option(s) for the wearable/IoT case, the SI should include each of these options while weighing the importance of each of the above aspects.
Proposal 2 Include options 2,3, and 4 in the TR, and consider them for the scenarios of the remote UE in-coverage and extended coverage. 

3 Conclusion

In this contribution the following observations we made related to relaying options for CP and UP for IoT and Wearables relays:
Observation 7 Option 1 is most advantageous from the point of view of power consumption and UE complexity.

Observation 8 Option 1 may have issues related to service continuity when mobility is considered.

Observation 9 Option 2 has advantages related to service continuity, UE power consumption, and avoidance of PC5 half-duplex issues.

Observation 10 Option 2 may require the transmission of feedback by the UE over Uu.

Observation 11 Option 3 has the advantage of handling service continuity in the case of relay link failures using existing RRC procedures.

Observation 12 Option 4 reduces PC5 complexity compared to option 3, at the expense of transmission of feedback for DL data over Uu. 

As a result of the above observations the following proposal was made:

Proposal 3 Include option 1 into the TR and consider it as a required option in order to support the out of coverage scenario. 

Proposal 4 Include options 2,3, and 4 in the TR, and consider them for the scenarios of the remote UE in-coverage and extended coverage. 
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