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1. Introduction
It is agreed that new control channels should be needed for the RN backhaul transmissions. Three schemes, FDM, TDM and hybrid FDM+TDM, were discussed as possible candidates for the transmission of relay control channel. In general TDM scheme has one shortcoming in transmission for PDSCH of rel-8 UE while FDM incurs more latency than TDM. A hybrid FDM+TDM scheme is recommended to alleviate the above disadvantages. In this scheme the transmission of PDSCH for rel-8 UE can be accommodated since relay region and normal UE regions are separated in FDM fashion. The latency in this scheme is less than that in FDM because relay control channels are TDMed in relay region. However, there should be a new mechanism to indicate the relay region and relay control region to facilitate this scheme. In this contribution we suggested one of feasible mechanisms for hybrid FDM+TDM scheme. It is believed that the same R-PCFICH mechanism can be used to inform RN of the size of R-PDCCH so that RN shall be able to identify the R-PDCCH region in time domain. Several contributions have discussed the design of R-PCFICH in this regard. 
In designing R-PCFICH, there are several concerns such as standard impacts and decoding performance in case of mobile RNs. And it would be beneficial to minimize the change in the specifications. In this document, we suggest a couple of schemes for R-PCFICH and R-PDCCH design. Our focus is on maintaining the existing schemes of PCFICH and PDCCH as much as possible.
2. Configuration of FDM+TDM (Hybrid) scheme
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 ideal for eNB to dynamically configure every backhaul subframe and inform every RN of its configuration such as allocated bandwidth for RN, location of R-PDCCH and so on. A possible configuration of hybrid schemes is depicted in Figure 1. As shown in this figure PDSCH regions for normal UE and relay backhaul are separated in frequency domain (FDM) and relay control channels are located in TDM fashion within relay region. Rel-8 UEs are not allocated in relay region but Rel-10 UEs can be allocated in this region if they are informed of the configurations of relay region. In order for a relay to receive the control channel and associated data channel it should be able to identify a few parameters such as 
A. the starting location of relay region in frequency domain (S)
B. The depth of relay region in frequency domain (M)
C. The start of relay region in time domain, i.e. starting symbol
D. The start of R-PDCCH in time domain
E. The number of symbols occupied by R-PDCCH
If multiple relay regions are to be configured in a single subframe, multiple number of S and M should be signaled for multiple configurations. In this multiple region configuration, R-PDCCH can be either interleaved and mapped across the multiple regions or separately interleaved and mapped in a single region. R-PDSCH can also be mapped either across or separately mapped. The former approach should provide more frequency diversity than the latter approach so that it is more beneficial in mobile environments. But particular need for such scheme is hardly recognized in fixed relay environment. In this contribution we will limit our discussion to a single relay region in a single subframe.   
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Fig. 1 Configuration of Hybrid Scheme 
3. Signaling structure for relay region
3.1. Common R-PDCCH for the indication of relay region 
For the allocation of relay region in frequency domain, a couple of parameters should be informed, i.e. S and M. Firstly, the starting point of PRB, S, for the allocated bandwidth of RN will be predefined and known by all RNs in advance, e.g. via higher layer signaling during RN startup stage. The default value can be “zero”, which means that the relay region will start from the very first carrier. It could be dynamically configured via higher signaling but potential benefits should be carefully examined since more signaling and scheduling should be involved. If multiple relay regions are to be allocated in a single subframe, the starting point of each relay region should be known in advance via higher signaling as well.   
Secondly, for the indication of value M, we consider using the same concept of the common RNTI such as SI-RNTI, P-RNTI and TPC-RNTI which are adopted in REL-8. From the specification point of view, this approach is to minimize changes in specifications since it is well aligned with REL-8 PDCCH. In order to implement this signaling, a “new” RN-RNTI, which is common to all RNs should be implemented and readily provided to all RNs e.g. via higher layer signaling during RN startup stage. A “new’ common R-PDCCH associated with the above common RN-RNTI will be transmitted to RNs similarly as common PDCCH is transmitted to REL-8 UEs. CRC parity bits of this common R-PDCCH will be scrambled by common RN-RNTI and its aggregation level will be fixed as either 4 or 8. 
But there is no R-PDSCH associated with this common R-PDCCH, in other words common R-PDCCH itself contains all necessary common information of highest priority such as relay control channel configurations including “M”. However, further study is needed for more details regarding common information that will be carried by common R-PDCCH. The structure of common R-PDCCH will depend on the contents of necessary common information elements and needs further study as well. 
It shall be scrambled by cell specific sequence, either separately or combined with other R-PDCCHs but shall not be interleaved together with other R-PDCCHs. It will be transmitted at fixed location  because all RNs should decode the common R-PDCCH to extract “M” prior to decoding other R-PDCCHs.
All other R-PDCCHs except this common R-PDCCH are interleaved and mapped in the same way PDCCHs are interleaved and mapped so that search space region for all other R-PDCCHs can be defined as the same way as in Rel-8. 
3.2. Signaling for the indication of starting symbol for relay region 
The starting symbol of relay region can be varied depending on the number of symbols occupied by PDCCH from eNB and PDCCH in access link as seen in Table 1. The starting point of relay region can be 4th or 5th symbol if   , and 3rd or 4th symbol if  . 
	The starting symbol 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.
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	N/A
	N/A

	
	2
	4th 
	4th
	4th 
	4th 
	4th 
	5th 

	


                                               Table 1 : Starting symbol of relay region
3.2.1. Dedicated Relay Region
Based on Table 1, it is possible that the starting symbol of relay region is different for each RN. In such occasions data mapping of every relay can start from different symbol, too. In order to facilitate this scheme eNB should be aware of the number of symbols occupied by PDCCH of each RN prior to respective subframe, say N-th. This can be accomplished by each RN informing eNB of its number of symbols occupied by PDCCH prior to the respective DL subframe, say N-1th. Then, eNB should be able to identify the starting symbol of each relay region and carry out data mapping of each relay accordingly. 
Then, eNB will broadcast the number of symbols for PDCCH  at eNB via common signaling and each RN can successfully identify the starting symbol based on its number of symbols for PDCCH that is informed earlier to eNB. The same common R-PDCCH signaling described in 3.1 is recommended for this purpose.
3.2.2. Common Relay Region
The second option is that data mapping of all RNs will start from the same location. In this scheme, eNB will broadcast, instead of the number of symbols for PDCCHs, the starting point of relay region that is common to all relays. In order to implement this scheme there are two possible options. Firstly, eNB simply assumes the number of symbols for PDCCH from all the relays as 2 (maximum). Secondly, eNB will be informed number of symbols for PDCCHs from every relay via signaling described in 3.2.1 and takes the maximum number among them.  
3.2.3. Options for Mapping of relay region
The following three options are possible for the configuration of relay region.
A. Option 1 : Dedicated mapping with bilateral signaling. 
Every RN informs eNB of the number of symbols occupied by its PDCCHs and subsequently eNB broadcasts the number of symbols occupied by the PDCCHs from eNB. 
B. Option 2-1 : Common mapping with bilateral signaling. 
Every RN informs the number of symbols for PDCCHs to eNB and eNB broadcasts the starting symbol of common relay region estimated from the received information.
C. Option 2-2 : Common mapping with unilateral signaling. 
eNB will broadcast the starting symbol of common relay region only based on the number of symbols occupied by PDCCH from eNB.  
Option 2-1 doesn’t have any advantage over option 1. Further investigation is needed for tradeoff between option 1 and option 2-2in terms of signaling overhead and resource utilizations.
4. Configurations of Relay Control Channel 
4.1. Usage of R-PCFICH for the indication of number of symbols for PDCCHs 
It is believed that the same R-PCFICH mechanism can be used to inform RN of the size of R-PDCCH so that RN shall be able to identify the R-PDSCH region in time domain. Assuming the R-PCFICH is placed at a single symbol, R-PCFICH can be mapped at any symbol that is the subset of relay regions of all RNs. 
A couple of schemes can be thought of. Firstly, R-PCFICH can be placed at the first available symbol just like legacy systems. As described in 3.2, however, the location of the first available symbol for R-PCFICH can be varied as described in Table 1. Therefore, in order for every RN to be aware of the first available symbol, related information needs to be exchanged between eNB and RN prior to the respective sub-frame via signaling over backhaul subframes. This scenario seems not very feasible even though further investigation is needed. 
Another option is to place the R-PCFICH at fixed symbol that will be signaled via higher layer signaling. The R-PCFICH can be located at any symbol after the maximum number of symbols in Table 1 (4 when  and 5 when . The location of PCFICH can be chosen near RS symbols to maximize the decoding probability of R-PDCCH as well as R-PCFICH and near the start of relay region to minimize the signaling latency but this area needs further study. 
A couple of schemes for the design of R-PCFICH are suggested, where the same REL-8 LTE encoding scheme is applied to new R-PCFICH configurations to minimize specification impact. Furthermore the information of R-PCFICH is the same as that of regular PCFICH, in other words R-PCFICH will indicate the number of symbols occupied by R-PDCCH. This same configuration can avoid new information contents and subsequently possible new encoding of R-PCFICH.
4.1.1. Option 1: R-PCFICH consisting of 4 consecutive REGs 
In this option, R-PCFICH is encoded the same way as PCFICH is encoded and mapped into 4 consecutive REGs starting from “S” in 5th symbol. The decoding performance of this scheme is close to that of PCFICH but loses some of frequency diversity advantage. In this scheme, the location of R-PCFICH within frequency domain is based only on occupied bandwidth by RN. 



Fig. 2 Configuration of R-PCFICH : Option 1 
4.1.2. Option 2: R-PCFICH consisting of 4 REGs as the same manner with PCFICH 
In this scheme the location of R-PCFICH is the same as that of PCFICH in frequency domain and the same encoding scheme is applied. RN can exploit full frequency diversity and decoding performance should be the same as that of PCFICH. This option is better suited to mobile RN environments.  Having mobility in RN in mind in the future, this scheme provides more robustness. 
One difficulty in this scheme is how to deal with the part of R-PCFICH that is located in PDSCH region since legacy UEs are not aware of the existence of R-PCFICH part in PDSCH. One possible option is to avoid allocating Rel-8 UEs in this region. But it is possible that Rel-8 UEs are allocated with allowable performance degradation and it is up to eNB’s scheduling decision.

Fig. 3 Configuration of R-PCFICH : Option 2 

4.2. Configurations of R-PDCCH 
The configuration of R-PDCCH is the same as in rel-8 within allocated bandwidth for relay. All R-PDCCHs except common R-PDCCH that is described in 3.1 are interleaved and mapped in the same way legacy PDCCHs are interleaved and mapped. Search space region for all other R-PDCCHs can be defined as the same way as in Rel-8 so that the same blind decoding can be carried out. 
R-PDCCHs can be mapped from the very next symbol to R-PCFICH or anywhere after the R-PCFICH. The first symbol of R-PDCCH should be placed no earlier than the 4th symbol when  and the 5th symbol when  . In order to achieve the same performance as PDCCH it can be placed starting from the first symbol of the second slot. But this area needs further study. 

5. Mapping of R-PDSCH  
 As described in section 3.2 the starting point of relay region can be different for each RN and so can the mapping of each R-PDSCH be. Once each RN identifies its R-PDSCH region via signaling as described in 3.2, each RN will be able to decode its R-PDSCH. 
The mapping of R-PDSCH will depend on which option, which is described in 3.3, is chosen for relay region. If the dedicated relay region is to be used, full utilization of resources can be achieved at the expense of additional dedicated signaling. In common relay region scheme, however, some of REs will be wasted for some RNs for the sake of simplicity. The tradeoff between signaling overhead and loss of resource should be investigated for further details. 
6. Conclusion 
In this contribution, we have suggested common signaling via common R-PDCCH and corresponding common R-RNTI to indicate the relay region for hybrid TDM+FDM configuration. This approach is also valid in FDM configuration. Using this common R-PDCCH, the starting symbol and occupied bandwidth of relay region are signaled for the configuration of relay region. Other information elements that will be contained in common R-PDCCH and corresponding DCI format need further investigation. 
The R-PCFICH is recommended to indicate the number of symbols occupied by R-PDCCH and a couple of schemes for the R-PCFICH configuration are suggested. We recommend that the same contents of information be contained in R-PCFICH as legacy PCFICH and consequently the same encoding scheme be adopted for R-PCFICH. The location of PCFICH and PDCCH will have impact on the signaling latency and decoding performance and this area needs further study
Two possible options are suggested for the mapping of R-PDSCH and associated signaling schemes are also discussed. Common mapping can be used for the sake of simplicity and full utilization of resources can be achieved via dedicated mapping at the expense of additional uplink signaling. Further investigation is needed for tradeoff between common and dedicated mapping in terms of signaling overhead and resource utilizations.  
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