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1
Introduction
Relays are considered to be a key enabler for coverage and capacity enhancements in LTE-A. RAN1, in the February 2009 meeting has sent an LS to RAN3 ([1]) on the preferences of relays from RAN1 perspective. Essentially RAN1 has indicated that relays will appear as a separate cell to the UE, distinct from the donor cell. In this document, we discuss possible options in implementing relays and present our preferences on some of these options. In particular we will discuss L2 vs. L3 relays.

2
Classification of Relays (L2 vs. L3)
Recently, the relays have been broadly classified as L2 vs. L3 relays. While the definition of L3 relay is pretty straightforward, there are many ways an L2 relay could be realized. We propose the following method of classifying L2/3 relays:

L2 relays: An L2 relay typically refers to a Decode & Forward relay that is, however, not a full-fledged eNB due to supporting less than a complete set of L3 protocols and/or functionality. This case can be further classified according to the level of functionality that resides in the relay node. The classification of L2 relays can be broken in the control plane and user plane. 

Control plane options:

a. MAC only: In this L2 relay control plane option, the RRC protocol is located entirely in the donor eNB, and the MAC functionality, specifically HARQ and scheduling, is located in the relay.
b. Limited RRC: RRC functionality is split between the relay and the donor eNB. The MAC functionality is located at the donor eNB.
c. Full RRC, but S1/X2-AP in the eNB:  The full RRC protocol is located at the relay, and the S1-AP and X2-AP applications are located at the donor eNB.
User plane options:

a. Forwarding above HARQ (on MAC PDUs). In this case, HARQ operates independently on both hops (UE<->relay and relay <->eNB). The relay node could potentially carry out its own scheduling and rate adaptation. Alternatively, the donor eNB could carry out scheduling and/or rate adaptation on behalf of the RN and signal the corresponding information to the relay node.
b. Forwarding above MAC demultiplexing/multiplexing, corresponding to RLC PDUs. 
c. Forwarding above RLC, i.e., on PDCP PDUs.
L3 relays: An L3 relay is a full-fledged eNB with its own Physical Cell ID. It transmits synchronization signals, P-BCH, and other system information, and is indistinguishable from a regular eNB to a Rel-8 UE. An L3 relay has its own IP address (assigned by its PDN Gateway), and all the traffic between the donor cell and the L3 relay is carried using IP protocols. Just like a regular eNB, an L3 relay has full user plane and control plane protocols, including S1-AP and X2-AP protocols.
3 Upper Layer Comparison of Different Relay Types 
3.1 L2 Relay

As mentioned in previous sections, there is not a single well-defined category that can be classified as L2 relay.  As described in [2] and [3], it is also useful to separate the discussion, like the L3 relay discussion above, into user plane and control plane branches.
3.1.1 Control Plane Considerations

From the control plane perspective, L2 relays, as described in [2] and [3], could be further subdivided into three categories:

 (a) MAC only:
In this L2 relay control plane option, shown in Figure 3-1, the RRC protocol is located in the eNB and the MAC functionality, specifically HARQ and scheduling, is located in the relay. In LTE, the RRC and MAC layers have a very tight coupling which in some respects is not explicitly specified. For example, the RRC “lower layer configuration” module of an implementation requires tight integration with the MAC layers. Similarly, the scheduler requires all the knowledge of DRBs and the associated QoS requirements of these DRBs, which is maintained by the RRC protocol. In this option ,with the RRC located in the eNB and the MAC in the relay, a new intermediary protocol needs to be specified between the two, as shown in the figure. This new protocol is likely to be very complex, as it will expose an interface that was never intended to be open between such tightly coupled entities as RRC and the MAC layers. This protocol needs to replicate most of the bearer configuration of RRC so that scheduler can apply the correct QoS to every packet. The benefits of locating RRC in the eNB are not clear, while the disadvantage is the creation of this complex intermediary protocol. We do not feel locating RRC at the eNB is a viable option.
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Figure 3-1 MAC Only Control Plane option
(b) Limited RRC

This option, shown in Figure 3-2, requires the RRC to be split into two “sub-RRC” protocols, one to be located in the relay and the other to be located in the eNB. The RRC protocol is a collection of tightly coupled messages. Splitting the RRC protocol poses significant challenges, and in particular the need to create a new protocol that runs between the relay and the eNB to coordinate the operation of these two sub-RRC protocols.
There are many ways to split RRC into two protocols, none of which provides any quantifiable benefits, but all of which still require a complex coordination protocol between the relay and the eNB. Another difficulty associated with splitting RRC between the relay and the eNB is the requirement to keep the two sub-RRC protocols in sync with respect to each other. In addition, in a split RRC design, the turnaround time for RRC processing will increase, as the RRC message exchange between the relay and the UE will result in further round trip(s) of communication between the relay and the eNB. This increase would affect many time-critical operations such as connection setup and handover. We do not believe that splitting RRC into two parts is a viable option.
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Figure 3-2 Limited RRC Control Plane option

(c) Full RRC, S1/X2-AP in the eNB

In this option shown in figure 3-3, the RRC is fully located in the relay, but the S1-AP and the X2-AP is located in the eNB. This option suffers from similar shortcomings to the previous options, as the S1/X2-AP protocols and the RRC protocols have not been designed to run on separate nodes. A new protocol needs to be specified between the S1/X2-AP and the RRC to coordinate the two nodes. This protocol again is likely to be very complex. Like the previous options, separating S1/X2-AP and RRC will cause increased delay in UE operations such as connection setup or handover, as more round trips are needed between the relay and the eNB to coordinate before these operations can be completed. We do not feel that locating S1-AP and the X2-AP protocols in the eNB provides any benefits.
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Figure 3-3 Full RRC in relay S1/X2-AP in eNB Control Plane option

3.1.2 User Plane Considerations

The user plane is options are listed in section 2 of this document. The options are:

(a, b) Forward MAC PDU or RLC PDU:
In LTE, the only user plane protocol capable of partitioning an upper layer packet is RLC. In order for the system to work efficiently, the entity housing the scheduler has to also contain the RLC protocol to be able to partition the upper layer packets to fill the allocations given by the MAC layer. Theorethically, it is possible for eNB to produce small RLC PDUs and send them to the relay, and if the relay to UE connection has favourable radio conditions, the relay combines the small RLC PDUs in the MAC layer. However, this solution results in excessive MAC/RLC header overhead, underutilization of air-link resources and excessive MAC/RLC processing. As a result, we do not see an L2 relay with MAC PDU forwarding or RLC PDU forwarding  from the eNB to the relay as a viable option.

 (c) Forward PDCP PDU:
This option is visualized in figure 3-4. Forwarding of PDCP PDUs from the eNB to the relay has several issues that require a new protocol. First, it requires the PDCP state  and sequence space to be maintained in the eNB and the RLC state and sequence space to be maintained in the relay. These two sequence spaces operates in a coupled manner for proper functioning of  protocols like RoHC. This again requires additional protocol support to coordinate these two sequence space.
The second issue is with handover. When a handover occurs, PDCP is used to eliminate packet loss. However, for downlink packets, the PDCP protocol, which is running in the eNB, needs to know exactly at which packet the relay has stopped serving the UE, which requires new messaging to transfer the information from the relay to the eNB. These additional state transfer messages also add to the handover latency. Third, to manage the queue sizes at the relay, a tight flow control protocol needs to run between the eNB and the relay. Due to these issues, forwarding PDCP PDU does not provide any benefit.
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                                      Figure 3-4 Forward PDCP PDU User Plane option         

3.2 L3 Relay

A control plane view of an L3 relay is shown in figure 3-5, and the user plane is shown in figure 3-6. From a user plane perspective, an L3 relay corresponds to forwarding of IP packets, and from a control plane perspective, to the location of the full RRC, S1-AP, and X2-AP protocols in the relay.  From the control plane perspective, having a full RRC eliminates the need to split the RRC into two and the need to invent a new protocol that coordinates the two pieces. All the existing mechanisms and messages of RRC will directly be applicable to L3 relay, minimizing any standards changes. In addition, the changes on the eNB are also minimized. Similar considerations apply to the S1/X2-AP protocols. By locating these protocols in the relay, we minimize the change needed to support the relay and lose no performance compared to L2 options.
From a user plane perspective, the IP packets will be forwarded from the eNB to the relay. From the eNB perspective this is a standard operation performed for any UE. The relay appears like a regular UE to the eNB, minimizing or eliminating changes to the eNB. In addition, by having IP packet visibility at the relay, the relay can implement the AQM (active queue management) protocols such as RED (Random Early Drop) to manage the queue sizes at the relay, similar to an eNB managing the queue sizes. This approach eliminates the need to implement a flow control protocol between the eNB and relay.
The only issue associated with forwarding IP packets to the UE is the IP header overhead associated with packets which can be excessive for VoIP application. However, the IP header can be compressed between the relay and the eNB using RoHC, with a new RoHC profile that is capable of compressing IP headers with a GTP tunnel. The compression is an optional optimization that is not needed for basic operation of the L3 relay. If the compression of the IP headers is not needed on the relay to eNB link, then the relay can be supported by an unmodified Rel 8 eNB. Otherwise, the eNB only needs to support the new updated RoHC profile to support compression on the relay to eNB link.
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Figure 3-5 L3 Relay Control Plane view
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Figure 3-6 L3 Relay User Plane view

4 Proposal
Relay designs have been classified into L2 and L3 categories in this document. It was observed that the L2 category in particular needs to be further classified into different options, depending on what functionality resides in the relay node. 

Significant issues were observed in the specification and operations of all the flavours of the L2 relays. The main issues were the need for the definition of one or more  new complex protocols and increase in the time to complete critical UE operations. 

Although L3 relay contains more protocols compared to L2 relay options, all these protocols are the standard protocols designed by the various RAN working groups specifically with the purpose of making eNBs interoperable. All the L2 design flavours require new protocols to be defined, which will further complicate the relay and risk reducing interoperability, without any performance benefit.

It was further observed that the use of L3 relays allows a significantly easier path to realization of the relays, with minimal standards impact and no loss of performance compared to L2 options. As a result, we propose that the L3 relay option should be chosen.

Proposal 1: We propose the L3 option to be chosen for the relays.
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