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1. Introduction
Relaying is identified as a potential tool in LTE-Advanced for improving coverage/throughput, for temporary network deployment, etc. Several types of relays have been discussed in various RAN1 contributions based on their functionality, ranging from analog repeaters to decode-and-forward relays to full-service (a.k.a self-backhauling or L3) relays. In this contribution, some aspects relating the transparent relaying (L2 and L3) and backwards compatibility are discussed. Per TR 36.814, a relay is considered as transparent if the UE is not aware of whether or not it communicates with the network via the relay. The simple repeater (or L0/L1 relay) is clearly transparent and so is a full-service relay since it appears as an eNB to UEs.  Transparent relaying to support Rel-8 UEs is particularly appealing since it does not require any change on the UE processing or behaviour. See [1] for additional discussion on transparent relaying.   
2. Transparent Decode-and-Forward (or L2) relays without PCID

In the transparent L2 relays, 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) [3]. One issue with transparent L2 relays is that a Rel-8 UE may not be able assist the eNB (e.g. via measurement reports) in deciding whether or not to employ the RN to serve the Rel-8 UE. It is noted that the RN may have a Relay-ID that a Rel-10 UE may be able to identify (and measure) to support this type of a transparent relaying. 
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Figure 1. A DL subframe received at a UE in L2 transparent relaying.
Obviously, with transparent L2 relaying, there is a need for centralized scheduling with the RN under the complete control of eNB (implying increased overheads). The eNB has to inform the RN apriori of the PDCCH contents so that the RN can set up its PDSCH transmission to the UE. Furthermore, the eNB also needs to send the PDSCH information that the RN has to decode and forward to the UE. However, to achieve substantial performance benefits, it is essential for the UE to measure and report the RN(UE channel conditions, but this cannot be done by a Rel-8 UE.
In another scenario of transparent relaying [2], the RN can intercept 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. However, when multiple UEs are to be served by the RN, it 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 negative performance impact. 
An additional and a more serious issue is the 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 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. 
Transparent L2 relays may not be able to assist UEs that are in coverage holes if the PDCCH from eNB does not reach such UEs. Another important issue with a transparent L2 relaying is the mechanism to determine how a UE is served (or attaches): 1) relay only, 2) relay and eNB together or 3) an eNB only. Moreover how or when the serving mode is changed from one to another also needs to be determined. As mentioned earlier, a Rel-8 UE may not be able assist the eNB (e.g. no measurement reports because RN had no PCID). It is possible that based on the link quality of eNB-UE, the eNB can inform the RN of the UEs that the eNB cannot serve well. The RN determines and informs the eNB of the UEs that may be serviced by it (e.g., in a blind manner, RN successfully decodes PUSCH information of the particular UE, signal quality, and/or with location information, etc). This however requires tight coordination between the RN and eNB. Since transparent L2 RNs do not have PCID, the Rel-8 UEs cannot report any measurements or channel quality information separately for the transparent RN, thus limiting the benefits of the transparent decode-and-forward relaying for Rel-8 UEs.  

3. Transparent Full-Service L3 Relays with PCID

In the full-service (or L3) relaying, the RN has its own PCID that is distinct from that of the donor eNB (i.e., through which the RN backhauls) and the RN appears as regular eNB (and hence transparent) to the UEs. Thus, a relay cell is created that appears as a regular cell to the UEs. A full-service relay solution for Rel-10 that is fully-backwards compatible using MBSFN signalling has been discussed in [3][4][5][6][7]. Full-service relays avoid most of the drawbacks of the transparent decode-and-forward relays, especially with regards to backwards compatibility.
The UEs can report measurements of the RN and exploit existing Rel-8 HO mechanisms (that can be further optimized in Rel-10) to determine the association, whether the UE is served by the eNB or the RN or via both in a coordinated fashion. In general, with full-service relays, there is a possibility that the eNB can do a centralized scheduling, where the RN simply follows the instructions from the eNB. However, it is also possible (and perhaps better) to have the RN perform its own scheduling, with some semi-static co-ordination with the eNB. It is also noted that full-service relays can assist UEs that are in coverage holes.
4. Conclusion
The contribution discusses transparent decode and forward (L2) relays and full-service (L3) relays especially from backwards-compatibility viewpoint. It is concluded that transparent L2 relaying with the RN having no PCID can severely limit the performance benefits for Rel-8 UEs. On the other hand, a transparent full-service relay that has its own PCID can fully benefit Rel-8 UEs and is a reasonable and simple approach for backwards-compatible relaying in LTE-A.
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