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Introduction
A number of contributions regarding R-PDCCH multiplexing scheme have been submitted [1][3][4]. Many different configurations and views are discussed but the focal points of the discussions are latency, resource utilization [2], complexities and the decoding performance [5]. The placement of control channel is one of many configurations that impact those key issues. In FDM configuration, the placement of R-PDCCH is not recognized as a big issue since R-PDCCH is supposed to occupy as many as symbols available in a subframe. In FDM+TDM, however, the placement of R-PDCCH impacts the latency, decoding performance of R-PDCCH and R-PDSCH and complexities too. 
In this contribution the decoding performance of R-PDCCH is discussed in terms of the placement of R-PDCCH in FDM+TDM configuration. 
Considerations on R-PDCCH Allocation for FDM+TDM configuration
The latency [5] and decoding performance is two most affected parameters by the placement of R-PDCCH in FDM+TDM configuration. Mapping rule of R-PDSCH may be influenced too. 
· Latency : In TDM+FDM, RN can start control channel decoding right after the reception of R-PDCCH. Thus, the early placement of R-PDCCH is more beneficial in latency regard. The amount of latency depends on control channel decoding complexities and has impacts on buffered data size as well. But a few symbol (2 to 4) delays does not have impact on overall decoding latency of PDSCH and PDCCH.  
· Decoding Performance : The decoding performance of R-PDCCH is heavily relies on the channel estimation accuracy. The channel estimation of R-PDCCH can be carried out either on DM-RS or CRS and it is agreed that RS will be configured from higher layer signaling. It is generally perceived that the nearer the RS to R-PDCCH the better the decoding performance would be. Since the location of DM-RSs and CRSs are mapped over specific symbols (DMRS over the last two symbols and CRSs over the first two and the fifth symbol) the channel estimation performance depends on where R-PDCCH is placed. 
· RE Mapping of PDSCH : It is possible for R-PDSCH to be mapped before R-PDCCH when R-PDCCH is placed later than 4th symbol, which is not feasible in Rel8/9 . This may have influence on the buffered data size of R-PDSCH. But the impact should be minimal since the decoding latency of R-PDCCH has much more impact on the size of buffered data. Another possible complexity incurred from this is the data mapping of R-PDSCH but the impact should be minimal. It seems that the only modification needed is change from “they are not in an OFDM symbol used for PDCCH” to “they are not in an OFDM symbol used for PDCCH and/or R-PDCCH” in specification 211. 
Decoding Performance with regard to the placement of R-PDCCH
The configuration of resource blocks allocated for backhaul traffic can be different in each subframe since the amount of backhaul traffic varies depending on the status of access link and number of UEs. Therefore, it is necessary for eNB to dynamically or semi-statically configure its configuration and inform every RN of its configuration. There are a couple of aspects RN should be aware of regarding R-PDCCH configuration, its size and the location within a subframe. Regarding the placement of R-PDCCH, the starting symbol of R-PDCCH can be fixed or semi-statically configured and it is commonly accepted that the ending symbol is also fixed or semi-statically configured. The PRB size of R-PDCCH region which is expected vary every subframe can either be dynamically signaled, blindly detected or predefined depending configurations. 
In a PRB CRSs are placed over 0th, 1st and 5th symbols and DM-RSs are placed over the last two symbols. In order to maximize the R-PDCCH decoding performance R-PDCCH should be placed so that it occupies as many RSs as possible. Furthermore, decoding performance of R-PDSCH can also vary as per the placement of R-PDCCH region and the best placement of R-PDCCH can be chosen based on both R-PDCCH and R-PDSCH decoding performances. In fixed relay environments decoding performance of R-PDCCH is not expected to vary much in temporal variation. But it is beneficial to have configuration that provides better performance in both static and mobile environments since mobile relays may be introduced at later stage as one of valuable tools in LTE -A. 
Since decoding performance of R-PDCCH is heavily relies on the channel estimation (CE) accuracy, the placement of R-PDCCH should be chosen so as to occupy as many as RSs possible. Which RS is to be used for channel estimation also impacts the placement of R-PDCCH. The impact of R-PDCCH placement would be magnified if CRSs are used since CRSs over the first two symbols are not available to RNs. 
In Fig. 1 possible three placements of relay control region are illustrated. It is assumed that every control region spans 4 symbol durations in a PRB pair. It appears that the second option shall provide the best performance in terms of R-PDCCH decoding since both DM-RS and CRS are within R-PDCCH region and the first option seems to be the worst. The third option appears to provide the best performance regarding R-PDSCH decoding since both DM-RS symbols are within R-PDSCH region. And the first and the second options are comparable in that regard since only two DM-RS symbols are within R-PDSCH region. 
For relays that are configured to use CRS only the second and the third option give rise to the similar performance regarding R-PDCCH decoding and the first option is short-handed for 4-antenna diversity. The third option is expected to provide slightly better performance in R-PDSCH decoding than other options. 
It seems that a couple of additional benefits exist in option 2 & 3 in resource usage perspective. Firstly, there are 4 more REs available for R-PDSCH mapping whilst the overhead for R-PDCCH slightly decreases since total 10RBs instead of 11 RBs are going to be used for R-PDCCH. Secondly, a little more diversity gain can be acquired by adopting distributed VRB scheme.  
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Conclusion 
In this contribution, we have investigated the impact of the R-PDCCH placement on the R-PDCCH decoding performance. Three possible options are illustrated and corresponding decoding performances for CRS configurations are discussed. Among three options, option 2 and 3 are better than option 1 in R-PDCCH decoding performance and the third option is expected to outperform option 1 and 2 in R-PDSCH decoding. Option 1 provides the worst decoding performance even though the difference is very small in fixed relay environment. And there are additional advantages in resource usage perspective in option 2 & 3. Thus, Option 2 & 3 provides better performance than option 1 without incurring any additional complexities especially and the improvement will be magnified when mobile relays are introduced.
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