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1. Introduction

RAN1 is discussing a potential Type 2 relay characterized by the following (R1-091632).

· Type II relay should not have a separate cell ID and thus would not  create any new cell(s)

· The type II relay should be able to relay also to/from release 8 UEs  

· At least a release 8 UE should not be aware of the presence of a  type II relay

· Transparency also for release >8 UEs is preferred

· This provides the frame-work definition of a "type II" relay in order for 3GPP RAN to be able to study it. Aspects that need to be studied include:

· Performance benefits

· Specification impact

· …

While there is a generic description of Type II relay, it provides no details on how such a relay can potentially be realized some clarifications are sought to better understand the proposal, especially regarding eNB-RN interface (since such topics were discussed for Type I relays as well.). 

· Whether Type II relay is an Analog repeater or a Decode-Forward relay, what potential functionality is contained in a Type II relay - PHY/MAC/RLC/PDCP, partial RRC or full RRC? And how does an eNB communicate with the Type II relay i.e. where is the backhaul link and how does it co-exist with an access link? 

Some of the Type II relaying proposals referred to in [1] are discussed below. 

Analog network coding relay ([2])

The analog network coding proposal ([2], R1-090065) paper states the following - 

 “The presence of relay node does not impact the operation of eNB, e.g. AMC, MAC scheduling and L1 HARQ. eNB does not care whether relay node exists or not, since that there is no uplink from relay to eNB and the control signaling is directly transported between eNB and UE.”

Since, the eNB does not care whether the RN exists or not and since the UE anyways is not aware of the RN, it appears that no standardization effort is required for analog network coding. The alternate proposal in R1-090065 suggests a SIC operation at the UE, which implies non-transparent behavior.

Decode and Forward Relays ([3][4])

The TDMA HARQ proposal ([3], R1-090775) shows the following relaying protocol with a broadcast mode and Multiple-access mode and proposes that in order to maximize the spectral efficiency, the LTE-A capable terminal is required to report Channel Quality Information (CQI) regarding its channel to both the eNB and the RN receivers. This implies non-transparent relay behavior. It also suggests that the destination terminal is assumed to receive both the eNB and the RN transmissions, which is similar to cooperative relaying similar to ([4], R1-091423) which is further discussed below. 
[image: image1.emf]
Figure 1 - Time-axis representation of TDMA relay coding protocol. During the MA mode, the relay transmits rate-compatible parity to the BC mode transmission. (From R1-090775)

The co-operative relay proposal ([4], R1-091423) is similar to the TDMA-HARQ proposal in that both the eNB and RN cooperate to serve a UE. The cooperative relays with no distinct cell-ID were discussed in ([5], R1-090330), wherein they were referred to as transparent Decode-and-Forward relays without PCID. Following is a description and summary of potential issues.

In the transparent relays (similar to Type II relay), the UEs are not aware of the presence of any RN (RN has no separate identity such as PCID or “relay ID”). In a typical relaying scheme of this type (See Figure 1), the UE receives the control region (PDCCH) from the eNB directly and the associated data region (PDSCH) from the RN (and also potentially from the eNB as part of the coordinated transmission). 
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Figure 1. A DL subframe received at a UE in L2 transparent relaying.
Issues with transparent Decode-and-Forward relays without distinct PCID: 

· Attachment issues for Rel-8 UE: A Rel-8 UE cannot assist the eNB (e.g. via measurement reports) in deciding whether or not to employ the RN to serve the Rel-8 UE. The mechanism to determine how a UE is served by (or attaches to): 1) relay only, 2) relay and eNB together or 3) an eNB only is unclear. Moreover how or when the serving mode is changed from one to another also needs to be determined. There are is no assistance available from the UE, and the RN may have to determined and inform the eNB of the UEs that it can serve in some blind fashion and it becomes more severe with increase in the number of Type 2 relays in the cell.

· Need for tighter coordination: Obviously, with transparent relaying, there is a need for centralized scheduling with the RN under the control of eNB (increased overhead on the backhaul). It is unclear if the transparent relay can operate without coordination with eNB. 

· Complicated eNB scheduler: Apart from tight coordination, the eNB scheduler has to make scheduling decisions well in advance and ensure the relevant information is transmitted to the relay. 

Examples: 

· The eNB has to inform the RN a priori of the PDCCH contents (including PCFICH, etc) so that the RN can set up its PDSCH transmission to the UE. While it is possible for the eNB to schedule semi-persistent synchronous downlink retransmissions for a UE served by the RN to reduce coordination overhead, this leads to reduced flexibility. 

· Furthermore, the eNB also needs to send the PDSCH information that the RN has to decode and forward to the UE. 

· Performance issues: To achieve substantial performance benefits, it is essential for the UE to measure and report the RN(UE channel conditions, and this cannot be done by a Rel-8 UE because the relay is transparent. 

· Backhaul issues: If the relay is transparent and mimicking the eNB DL transmissions (Synchronization, CRS, etc), then it is unclear where backhauling would operate because there are no transmission gaps available for the eNB-RN communication. One potential backhauling is described below. 

Examples (similar to the approach described in [3]): 

· In this scenario of transparent relaying, the RN intercepts the eNB to UE DL transmissions and the corresponding UL HARQ feedback to assist the eNB in retransmissions whenever possible. Thus, functionally, the RN listens to the PDSCH from the eNB for the first transmission of a Transport block, and the RN retransmits the PDSCH for the retransmissions of the Transport block to the UE. When multiple UEs are to be served by the RN, this approach can lead to a complicated scheduling or selective relaying (e.g., an RN assisting/relaying retransmission for a UE1 while another UE (UE2) is receiving first transmission from the eNB in the same subframe; in this case RN cannot receive the UE2 PDSCH from eNB and thus cannot assist in the retransmissions to UE2), which will lead to reduced performance.  Thus, for better performance, the relay would have to schedule the UEs as a group, which would mean increased load on the eNB PDCCH that has to schedule a group of UEs that are located in a bad geometry in a single subframe. 

· Link quality issues: Different link quality seen at the UE for PDCCH (sent from eNB) and PDSCH (relayed by RN). For proper demodulation, these two links will require separate RS and that is incompatible with Rel-8 RS design since a Rel-8 UE assumes all the RS are received from the same source. Link adaptation for PDSCH is based on measurement and reporting of the CQI between UE and the source (RN alone or RN+eNB in this case), but such a change in UE behavior is not backwards-compatible with Rel-8 specification. Hence, L2 relaying (e.g. relaying PDSCH and not PDCCH) can cause serious performance degradation for Rel-8 UEs due to inaccuracies in channel estimation and CQI reporting. An alternative proposed  in R1-091403 suggests that the Type 2 relay may be operated in single antenna port mode only, wherein DRS is used to enable demodulation of the PDSCH at the UE served by the relay. 

· Coverage holes: Transparent relays may not be able to assist UEs that are in coverage holes as the PDCCH from eNB does not reach such UEs. Analog repeaters or Type 1 Relays can remove coverage holes. 

2. Conclusion

The contribution discusses some issues regarding Type II relays. Issues such as potential eNB-RN interface, backwards-compatibility need to be understood for Type II relays.  
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