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1. Introduction 
In RAN#71, the new SI was approved [1] with the following objective. 

Until RAN#72, evaluate scenarios in RAN2 considering progress in SA WGs, and refine objectives accordingly.
[The objective of this study item is to study enhancements to UE-to-network relaying and to the LTE D2D framework for applications targeting wearables use cases. It is assumed that remote UEs can support both WAN and D2D connection, and that remote UEs have 3GPP subscription credentials. The D2D connection is realized by either LTE sidelink or non-3GPP technology. For LTE D2D enhancements the study is targeting licensed spectrum only for commercial (in-coverage scenario) and public safety cases (both in-coverage and out-of-coverage scenarios)]. Following is the list of objectives.

1. Study and define a generic UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a remote UE via a relay UE. [RAN2]

a. Study the possibility of  a common solution supporting the following use cases:[RAN2]

i. UE to network relaying over non-3GPP access (Bluetooth/WiFi), where E2E QoS may not be guaranteed. 

ii. UE to network relaying over LTE sidelink. Assess standard impact of E2E QoS. 

iii. Unidirectional and bidirectional UE to network relay.
b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple remote UEs via a relay UE.[RAN2, RAN3] 

c. Path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity [RAN2, RAN3]. 

2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1].

b. Identify mechanisms to enable more efficient, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].

FDD, H-FDD and TDD should be considered for this work. The impact of sidelink operation on cellular traffic, spectrum and QoS of other cellular services are assumed to be fully controlled by the network. 
The study will consider the outcome of potential SA1 work on the related requirements. SA WGs will be consulted if deemed necessary in the study. Some parts of the objectives can be concluded earlier than the SI completion date.]
This document provides some considerations on the L2 relay requirements.

2. Discussion

So far, most of the discussion has been focused on the requirements for wearable devices, however we believe it is important to also consider the impact to the relay device itself. Particularly if the relay device is a smartphone, then the usual requirements on power consumption, processing, buffer size and so on are extremely important to consider.
If we consider a generic layer 2 relay architecture, the most obvious approach would be to connect RLC entities such that the receiving RLC outputs SDUs to the transmitting RLC entity for forwarding (both uplink and downlink) in order that data can be forwarded before the PDCP layer where ciphering is performed, as shown in figure 1.
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Figure 1: Generic L2 relay architecture (Downlink relay with LTE sidelink shown)
In order to allow the remote UE to be addressable, and that data is secure at AS level, we must perform data forwarding lower than PDCP layer. In addition, if relaying were performed at or above the PDCP layer, increased processing (e.g. ciphering) would be introduced at the relay device, which increases the delay. Any increased delay introduced at the relay implies increased buffer requirements at both eNB and the remote device (since the transmission buffer size is directly proportional to round trip time). Even if the initial requirement is on lower data rate, the buffer size is a significant consideration especially for low complexity wearable devices. 

On the other hand, if data is forwarded at a lower layer (e.g. MAC) then we do not have the benefit of an ARQ mechanism for correcting errors and flow control. Therefore we believe it is a reasonable assumption that to meet the requirements for addressable remote devices (not only wearables) that relay functionality must be implemented at the RLC layer.

Proposal 1: It is necessary to implement relay functionality at the RLC layer, and this can be explicitly stated in SI/WI objectives.

As mentioned above, the delay and hence buffer size requirement is extremely important for both the wearable device and the relay device. 

If we first consider the wearable device buffer requirement as shown in figure 2 below.
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Figure 2: Total RTT for remote device transmitting via indirect (Relay) connection

As we know, the L2 buffer requirement is calculated depending on the maximum theoretical throughput * RTT, because the transmitting RLC entity must store PDUs for the duration of the RTT in order that these can be retransmitted if necessary. This means regardless of the bitrate supported by sidelink and/or Uu link, the RTT is a significant factor in determining the wearable device memory requirement. In the typical Uu case, RTT is assumed to be 75ms. However, when a relay is introduced we must also consider the RTT due to sidelink (which is likely to be more than 75ms) as well as any delay internal to the relay (for example RLC PDU reordering, and processing delay). 
All of these factors need to be included, because even if the data is successfully delivered across the first radio link (in this example it is sidelink, but the same applies for downlink) this does not guarantee that the data will be successfully delivered across the second radio link (in this example it is Uu, but the same applies for downlink). This means that the RLC PDUs need to be buffered at the original transmitter in case a retransmission is needed due to RLC PDU not being successfully delivered at the final RLC receiving entity. We also assume some delay is introduced due to RLC reordering at the relay RLC receiving entity (so that PDUs can be received out of order due to HARQ retransmissions, and SDUs can be reassembled before forwarding).

Overall the RTT is going to be more than double that of a normal LTE radio link even if data is forwarded at RLC layer (it would be even greater using L3 relay). We should consider if there are any optimisations to reduce this, because it directly affects the required buffer size – i.e. even though increased throughput is not the highest priority requirement, the delay still directly affects device complexity and is an important factor to consider in L2 relay and sidelink unicast enhancements.

Proposal 2: Study how to minimise total delay/RTT and L2 buffer size requirement for the wearable device.

The requirement on the relay device is also important. If we assume that RLC AM is used for both the Uu link and the sidelink, errors can be recovered more quickly than if the relay device was transparently forwarding everything (e.g. retransmitting from relay to wearable implies less delay than having to wait for the eNB to retransmit via the relay due to a failed transmission from relay to wearable). 

However, it’s quite likely that the throughput that can be supported at any point in time will be different between Uu link and sidelink. This means that we will need link adaptation for each of the links individually, and we will also need some way to prevent the relay buffer becoming full causing protocol stalling. Figure 3 provides an example. 
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Figure 3: Relay supporting slower transmission than reception due to different radio links.

In the above example, in each radio link RLC PDUs are set according to the supported TB size (as in today’s LTE) and RLC AM is used for retransmissions. Re-segmentation is also most likely supported. However the supported transport block size (and bitrate) in the sidelink is only half of what is supported from eNB to relay. Without any additional mechanism, the relay buffer will very quickly become full, because it takes much longer to transmit the SDU across the sidelink due to the lower number of bits per TTI, and eventually no more data is possible to transmit from the eNB to the relay because no more data can be accepted at the relay. Some mechanism based on feedback from the relay to the eNB is needed to adapt the amount of data transmitted from the eNB (or wearable) in order to avoid relay buffer overload. The memory requirement is also a consideration, the memory required to buffer the stored PDUs/SDUs for forwarding should be minimised.

Proposal 3: Study how to minimise the relay buffer memory requirement and how to avoid protocol stalling due to a full relay buffer.

Finally, we would also like to point out that the processing requirement should be minimised at both the relay and the wearable, therefore it is beneficial not only to minimise the memory requirement and delay, but we should also aim to keep complexity to a minimum. The relay device operation should be as light as possible in order to avoid excessive power consumption due to heavy additional processing (particularly in user-plane operation), therefore any mechanism in the relay itself should be as simple as possible.

Proposal 4: Study how to minimise additional processing at the L2 relay.

Conclusion
In this paper we take an initial look at what needs to be studied to support relay operation for an addressable remote device such as a wearable device and make the following proposals regarding what should be considered in the study of L2 relay operation using RLC. 

Proposal 1: It is necessary to implement relay functionality at RLC layer, and this can be explicitly stated in SI/WI objectives.
Proposal 2: Study how to minimise delay/RTT and L2 buffer size requirement for the wearable device.

Proposal 3: Study how to minimise the relay buffer memory requirement and how to avoid protocol stalling due to a full relay buffer.
Proposal 4: Study how to minimise additional processing at the L2 relay.
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