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1 Introduction
There was a text proposal on type 1 backhaul link in the last RAN1 meeting [1]. According to the text proposal following points are agreed for R-PDCCH transmission.

· Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
· The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
· If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth),  is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
Additionally some issue points that should be considered on backhaul design were discussed through email reflector. 

In this contribution, we discuss the issue points raised on the email reflector and propose a candidate for R-PDCCH allocation. 
2 Issue points on the backhaul resource assignment 
In this section, we will arrange our points of view about the backhaul design issues discussed on the email reflector in the last meeting. 
· Whether R-PCFICH is used or not?
Similar to PCFICH in LTE Rel-8, a cell-specific channel to inform quantity of resources for R-PDCCH can be defined, and it can be called “R-PCFICH”. The information included in R-PCFICH can be the number of PRBs in frequency domain, and the number of OFDM symbols in time domain. 

According to the TP, the PRBs for R-PDCCH are semi-statically assigned. Thus, it’s not necessary to define R-PCFICH for informing the size of R-PDCCH PRBs. Moreover, the searching space of R-PDCCH in the time domain can be also determined by high-layer signalling. Therefore, there is no reason to define R-PCFICH to inform the frequency/time searching space for R-PDCCH. 
Proposal 1: Frequency/time searching space for R-PDCCH can be signalled to RNs by high layer signalling. It is not necessary to define R-PCFICH to inform quantity of resources for R-PDCCH.
· The end of OFDM symbol used for R-PDCCH could be allocated is specification based, semi-static, or by R-PCFICH?
The end of OFDM symbol used for R-PDCCH can be determined by multiplexing scheme between R-PDCCH and R-PDSCH. If the pure FDM is used for R-PDCCH multiplexing, the end of OFDM symbol for R-PDCCH will be the last symbol of a backhaul subframe. On the other hand, if the TDM/FDM is applied, the last OFDM symbol that can be used for R-PDCCH can be fixed by specification or semi-statically determined by high layer signalling. In this case, the last OFDM symbol for R-PDCCH transmission should be determined how to aggregate R-CCE for link adaptation, decoding latency to guarantee adequate HARQ processing time at RNs, and etc. In our opinion, the pure FDM is not desirable for R-PDCCH allocation since it induces larger decoding latency and correspondingly reduced HARQ processing time at RNs, though it is simple way to allocate a region for R-PDCCH without impact on macro UEs. Moreover, the reliability issue caused by restricting multiple R-PDCCHs transmission to each RN on a small frequency band should be considered for pure FDM based R-PDCCH allocation. 
Proposal 2: We prefer the TDM/FDM multiplexing between R-PDCCH and R-PDSCH with the last OFDM symbol used for R-PDCCH allocated by specification or high layer signalling.
· The start of OFDM symbol used for R-PDCCH could be allocated is specification based or semi-static?

The possible starting point of OFDM symbols for backhaul transmission is determined by PDCCH sizes of donor eNB and a RN. Detailed cases of possible starting points for R-PDCCH transmission are shown as follows:.
· Case 1: DL bandwidth ≤ 10 RBs

· Case 1-a: PDCCH size of donor eNB = 4, the starting point of R-PDCCH transmission can be the 5th OFDM symbol.

· Case 1-b: PDCCH size of donor eNB = 3, or PDCCH size of donor eNB = 2 and PDCCH size of RN =2, the starting point of R-PDCCH transmission can be the 4th OFDM symbol.
· Case 1-c: PDCCH size of donor eNB = 2 and PDCCH size of RN = 1, the starting point of R-PDCCH can be the 3rd OFDM symbol.

· Case 2: DL bandwidth > 10 RBs

· Case 2-a: PDCCH size of donor eNB = 3 or PDCCH size of RN = 2, the starting point of R-PDCCH transmission can be the 4th OFDM symbol.

· Case 2-b: PDCCH size of donor eNB < 3 and PDCCH size of RN =1, the starting point of R-PDCCH transmission can be the 3rd OFDM symbol.

It is shown from the above cases that the possible starting point of R-PDCCH can be changed according to the PDCCH size of both donor eNB and RN for a given DL bandwidth. Therefore, it is desirable to configure the start of OFDM symbol used for R-PDCCH semi-statically case by case. Or as an alternative, it is also possible to fix the starting point of R-PDCCH and use the 3rd or 4th symbol  for R-PDSCH transmission in available cases. 
Proposal 3: R-PDCCH starting point can be semi-statically configured according to the PDCCH size of donor eNB and RN or fixed by specification with advanced R-PDSCH zone.
· Frequency selective R-PDCCH allocation or distributed R-PDCCH allocation?

Frequency selective R-PDCCH allocation is preferred as it can fully exploit frequency selective scheduling in transmitting backhaul signal to fixed/nomadic relay nodes which are the first priority at this study item stage. However, the distributed R-PDCCH allocation also can be considered due to the possibility of mobile relay scenarios. Both allocation methods can be supported by properly forming the R-PDCCH search space.
Proposal 4: Both selective and distributed R-PDCCH allocation can be supported. 
· Interleaving among R-PDCCHs is required or not?

Interleaving among R-PDCCHs is not required if frequency selective R-PDCCH allocation can provide enough selection diversity gain. It should be supported for the distributed R-PDCCH allocation, and in this case, the minimum unit of interleaving and multiplexing between R-PDCCH should be PRB in order to allocate the resources not occupied by R-PDCCH to R-PDSCH or PDSCH transmission as stated in the current TR.
Proposal 5: PRB based interleaving should be supported for distributed R-PDCCH allocation.

· Existence of R-PHICH?

R-PHICH for an RN can be also transmitted RN-specifically on PBR, or R-PHICH may not be needed according to the UL backhaul HARQ scheme. For example, if non-adaptive HARQ is applied on UL backhaul, DL ACK/NACK to RNs can be signalled through the corresponding UL grant. Therefore it needs further study for the allocation of R-PHICH considering UL backhaul HARQ schemes. 
Proposal 6: It needs further study on the existence of R-PHICH considering UL backhaul HARQ.
3 Proposed R-PDCCH multiplexing scheme with R-PDSCH and PDSCH
Considering the issue points listed above, our exemplary illustration of a DL backhaul subframe structure is shown in Figure 1. A donor eNB allocates one or more PRBs (here referred to as Primary Backhaul Resource (PBR)) having a good channel quality to each RN for RN-specific R-PDCCH transmission within the semi-statically assigned PRBs for R-PDCCH. The RN-specific R-PDCCH is transmitted on the first one or more OFDM symbols in PBR and the remaining OFDM symbols are used for R-PDSCH transmission to the RN. The starting symbol for RN-specific R-PDCCH transmission needs further study considering DL backhaul subframe structure. Moreover, the remaining PRBs which are not allocated to R-PDCCH can be allocated to macro-UE’s PDSCH. Depending on the traffic volume to the RN, additional resources (here referred to as Secondary Backhaul Resource (SBR)) can be allocated for another R-PDSCH transmission to the RN. 
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Figure 1. RN-specific R-PDCCH allocation (FDM/TDM-based R-PDCCH with backhaul data)
4 Conclusion

We showed the following proposals about the issue points on the design of backhaul resource assignments for R-PDCCH.
· Proposal 1: Frequency/time searching space for R-PDCCH can be signalled to RNs by high layer signalling. It is not necessary to define R-PCFICH to inform quantity of resources for R-PDCCH.
· Proposal 2: We prefer TDM/FDM multiplexing between R-PDCCH and R-PDSCH with the last OFDM symbol used for R-PDCCH allocated by specification or high layer signalling.
· Proposal 3: The R-PDCCH starting point can be semi-statically configured according to the PDCCH size of donor eNB and RN or fixed by specification.
· Proposal 4: Both selective and distributed R-PDCCH allocation can be supported. 
· Proposal 5: A PRB-based interleaving should be supported for distributed R-PDCCH allocation.
· Proposal 6: It needs further study on the existence of R-PHICH considering UL backhaul HARQ.
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