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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 followings are recommended 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 issues that should be considered regarding backhaul design were discussed through email reflector [2].
In this contribution, we will discuss several key issues regarding DL relay control channel design and propose a dynamic hybrid scheme for relay control channel.
2. Some issues on DL backhaul design of Hybrid scheme
Time domain position of backhaul resource

The starting symbol of relay region can be varied depending on the number of symbols occupied by PDCCH from eNB and RN as seen in Table 1.
	The starting point of relay region  in each backhaul subframe
	The number of symbols for PDCCH in Donor eNB over backhaul subframe
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	The number of symbols for PDCCH when MBSFN subframe is configured.
	1
	3
	3
	4
	N/A
	N/A
	N/A
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	4
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Table 1

It is shown from above table 1 that the starting symbol of relay region can be 3rd, 4th, 5th symbol. However, it is expected that most of RNs have 4 or more antennas and it is reasonable to assume relay region can start from 4th symbol. 
Proposal 1: starting symbol of relay region is fixed at 4th symbol.
Need for R-PCFICH

It was revealed that R-PCFICH does not provide any benefits regarding usage of resources. Thus, the number of symbols occupied by relay control channel can be fixed and R-PCFICH is not needed consequently. 

Proposal 2: R-PCFICH is not needed.
Need for R-PHICH
“Whether R-PHICH is used or not” was discussed through email reflector. Most of discussions were focussed at signalling overhead and those overhead heavily depends on the number of RNs within a cell. It is believed that R-PHICH incurs much less overhead for ACK/NACK transmissions in case that there are many RNs in the system. Since the baseline maximum number of RNs is 40 in RAN WG2[3], we suggest R-PHICH to be implemented in case of high number of RNs and possible existence of mobile RNs in the future. The maximum number of R-PHICH group can be limited to 5. 
Proposal 3 : R-PHICH is necessary.
3. Dynamic Configuration of Relay Control Channel

As mentioned earlier the number of symbols occupied by relay control channel can be fixed. Then, only the required BW in frequency domain will be varied to dynamically configure the relay control region. We believe that the usage of resources for relay control can be optimized whether R-PHICH is needed or not with dynamic configuration.[4]
Multiple Regions

Multiple physically separated placement of relay control region can be considered. Single region can be used for small number of RNs and the multi region should be considered for large number of RNs and/or mobile RNs since it will provide higher diversity gain. In this scheme, the number of regions and the starting position of each region in frequency domain should be semi-statically configured via high layer signaling. The size of each region can be dynamically configured based on the required resources for R-PDCCHs. The following figure shows an illustration of dynamic schemes with single and three regions.
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Fig.1 Configuration of Hybrid Scheme 
In this illustrated 3-region scheme the starting position of each relay region are aligned with PHICH so that the placement of R-PHICH are also aligned with PHICH, which easily facilitates R-PHICH implementation based on legacy scheme of PHICH. Another advantage for 3-region scheme is that REG base allocation can easily be implemented since 3 REGs are equivalent to a PRB in general.      

Common Signaling
A common signaling should be implemented to indicate the size of each region and any other common information can be appended if necessary. The location of this common signaling in frequency domain should be fixed for RN to be able to continuously detect every backhaul subframe without any dynamic indication. Detailed signaling scheme needs further study. 

Proposal 4 : implement a common signaling which indicates R-PDCCH region size in frequency domain and so on.
Multiplexing and Interleaving
Full multiplexing and interleaving of R-PDCCHs are possible within relay control region and the blind decoding overhead is comparable to the legacy PDCCH scheme. 

Proposal 5 : R-PDCCHs in a subframe are fully multiplexed and interleaved together.
Allocation of  PDSCH and R-PDSCH
Normally, R-PDSCH can be allocated anywhere except the relay control region and PDSCH of rel-10 UE can be allocated in the same manner as R-PDSCH to maximize the resource usage if necessary signaling is implemented. UE should be aware of the existence and location of relay control region. However, whether to allow rel-10 UE such allocation needs further investigation.
Time domain position of R-PDCCH
R-PDCCH demodulation can be based on either CRS or DM RS. CRS can be used for R-PDCCH decoding and Rel-8 CRS can be reused as much as possible. When CRS is used for R-PDCCH decoding, time domain position of R-PDCCH is 2nd slot better than 1st slot, the reason being that 2nd slot has all CRS for ANT port. When time domain poison of R-PDCCH can be allocated in 1st slot, the number of REs available for R-PDCCH is restricted by DM-RS. It needs further investigation.
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Fig.2 R-PDCCH Position

4. Conclusion 
In this contribution, we have suggested the following proposal about DL backhaul design of Hybrid scheme. 
- Proposal 1: starting symbol of relay region is fixed at 4th symbol.
- Proposal 2: R-CFICH is not needed.

- Proposal 3: R-PHICH is necessary.
- Proposal 4: implement a common signaling which indicates R-PDCCH region size in frequency domain and so on.
- Proposal 5: R-PDCCHs in a subframe are full multiplexed and interleaved
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