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1 Introduction 
Relaying technologies have been considered in LTE-Advanced study item as one of the technologies to enhance the system performance and extend the coverage. In RAN WG1#59bis, the Relaying Work Item started looking into solutions for Type 1 and 1a relays. In addition to Type 1/1a Relays, numerous contributions (e.g. [1]-[11]) over the past meetings have looked into various aspects of Type 2 relays, including performance evaluations, UE association methods, link adaptation etc, and such studies have continued under the scope of the LTE-A study item. 
Given the work that has been undertaken so far and the planned schedule for the LTE-A study item, it is important in our view to provide a summary and overview of the current status and understanding of Type 2 relays. 
In particular, we believe that it is important and constructive to identify the complementary roles of the different types of relay. Whereas Type 1 and Type 1a relays primarily address coverage extension, Type 2 relays cannot increase coverage but instead are designed for capacity increase within an existing macro-cellular coverage area. 
Here in this contribution we summarize the characteristics of Type 2 relays that lead to the above distinction, and provide a resumé of the work that has been achieved thus far and its relevance towards ongoing studies. 
2 Status of Studies & Discussions
In RAN1 meeting #58 held in Shenzhen in 2009, the Type 2 relay definition was agreed and was incorporated into the TR36.814. A “Type 2” relay node is an in-band relaying node characterized by the following:
· It does not have a separate Physical Cell ID and thus would not create any new cells
· It is transparent to Release-8 UEs; a Release-8 UE is not aware of the presence of a type 2 relay node
· It can transmit PDSCH
· At least, it does not transmit CRS and PDCCH
The above definition provides clear differentiation of Type 2 relay from the Type 1 and 1a relay. These differentiations also mean that they present specific challenges that require solutions that are distinct from what is needed and developed for Type 1 and 1a relays. In past RAN1 meetings, many contributions have contributed to analysis of these aspects and proposed effective solutions. Their discussions and proposals are summarized in the following subsections. 
· DL Channel Estimation

· A consequence of not creating new cells with separate Cell ID is that a Type 2 Relay will also not transmit CRS. This brings the additional property that a Type 2 Relay is transparent to Rel-8 UEs. In [2], it is shown how a relay-assisted UE would receive CRS from the donor eNB on the direct link. The CRS would applicable for channel measurement and estimation for the control signalling. 
· The use of UE-specific demodulation RS (DMRS) for channel estimation of the data has been discussed. DM-RS is an optional feature for FDD in LTE Release 8. Since Type 2 relay is transparent to Rel-8 UEs, the relay node would not provide any assistance to UEs that do not support DMRS. However, DMRS has to be used in LTE Rel-10 to support the new multi-antenna transmission modes. Therefore employing DM-RS for Type 2 Relay-aided data transmission would be feasible from Rel-10 onwards. 

· UE Association 
· The lack of CRS from a Type 2 Relay node results in there being no measurement reports regarding the strength of the relay node signal as compared to the donor eNB signal. As a result, the UE would not be able to perform cell selection into the RN as it moves into the RN coverage area. The network needs to determine which UE is best served by which relay node. In [3], it is shown how the RN can detect the UE UL transmissions such as PUCCH or SRS and report the possible association to the donor eNB. 
· Link Adaptation
· As mentioned above, without CRS transmission from the RN, the CSI (e.g CQI/PMI/RI) measurement for the access link from the RN to UE will be not available for Rel-8 UEs. The CSI of the access link could be measured from the CSI-RS for Rel-10 UEs. In cases when no CSI reports are available for the access link, Type 2 relays would not get the full level of available performance gain.  The issue was addressed in [4]-[7] where preliminary analysis of the interference uncertainty and imperfect CQI feedback in realistic environments has shown that the impact on overall system performance is limited. This requires further evaluation;
· Other implementation specific techniques through optimization of HARQ operations can also be considered.

3 Key features of Type 2 Relays 
Some of the advantages of Type 2 relays are summarized here, from which their suitability for capacity enhancement rather than coverage extension is derived:
· No additional Control Signal Interference: Without the Type 2 relay node transmitting the control channel signals to Relay-UE, all the control signals for the UEs are from donor eNB. The control channel interference would not increase when the relay node overlays the coverage area of the donor eNB.   

· Flexible Centralised Scheduling: The scheduling for the Type 2 relay access link is done by the donor eNB scheduler.  The donor eNB can coordinate the radio resources for the UEs associated with the RN or donor eNB and optimize the performance through cooperation or interference avoidance. The centralised scheduling for Type 2 relays would allow joint scheduling for cooperative transmission/reception between the eNB and RN.

· Implicit timing for the RN – Type 2 relays do not require specified timing offsets or synchronization procedures between the donor eNB and the relay node.  The Type 2 relay node is considered as an UE to the donor eNB, with its reference timing derived from eNB in the same way as for any UE.
· Transparent Cooperative Transmission: Type 2 relays are transparent relays at least with respect to R8/9 UE’s and support cooperative transmission between the eNB and the relay node. 
· The cooperative aspect facilitates efficient interference mitigation in both the data and control channel regions. 

· The transparent aspect of the cooperative transmission allows for implicit coherent or non-coherent combining at the UE.  

4 Conclusions
In this contribution, we have identified the key distinctions in role between the different types of relay considered during the course of the LTE-A study item. 

In particular, it is identified that the roles of types 1, 1a and 2 relays are complementary: while Type 1 and Type 1a relays primarily address coverage extension, Type 2 relays cannot increase coverage but instead are designed for capacity increase within an existing macro-cellular coverage area.
We have provided an overview summary of aspects of Type 2 that were discussed in previous RAN1 meetings and have attempted to summarize their status. Some of the main issues that arose during discussions are presented together with some of the proposed solutions by various companies. 
This summary should be beneficial for further studies in RAN1 in the future. 
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