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1. Introduction

It is agreed that new control channels, R-PDCCH and/or R-PCFICH, should be needed for the RN backhaul transmissions. In general, two schemes, FDM or TDM, can be employed for the transmission of R-PDCCH and R-PDSCH. When TDM scheme is used, there should be a new mechanism to indicate the size of R-PDCCH to RN in backhaul subframe. 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 relay 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. Considerations on R-PCFICH for Backhaul Resource Control
2.1. Required feature for R-PCFICH 
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-PCFICH, R-PDCCH and so on. In order to facilitate this functionality new configurations of R-PCFICH and R-PDCCH should be employed. 
We suggested a couple of schemes for the design of R-PCFICH, 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. 
The starting point of relay region within time domain can be varied. As seen in Table 1, the start of relay region can be 3rd, 4th depending on the number of symbols occupied by PDCCH from eNB and the number of symbols occupied by PDCCH in relay access link.
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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	1
	2
	3
	2
	3
	4

	The number of symbols for PDCCH when MBSFN subframe is configured.
	1
	3
	3
	4
	N/A
	N/A
	N/A

	
	2
	4
	4
	4
	4
	4
	5

	* IMT-Advanced bandwidth requirement is from 20MHz to 100MHz so these cases will be ignored.
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the, the first symbol of relay region is located at 3rd or 4th symbol and consequently R-PCFICH can be located at 3rd or 4th symbol, too. Theoretically it is possible for the location of R-PCFICH can be changed dynamically depending on the number of symbols occupied by PDCCHs in eNB and relay. However, related information needs to be exchanged between eNB and RN prior to the respective sub-frame through signaling over the every backhaul frames. This area needs to be further investigated for feasibility. In this contribution, however, the location of R-PCFICH within time domain is fixed at 5th symbol where RS is located. 
For the allocation of relay region in frequency domain, the starting point of PRB for the allocated bandwidth of RN should be predefined and known by all RNs in advance. e.g. via higher layer signaling during RN startup stage. This point is represented as “Starting point for RN” in this document.  Additionally, “M” denotes the allocated bandwidth for RNs under Donor eNB, and it is signaled through R-PDCCH in every DL backhaul subframes (R1-094316). Finally, “S” denotes “Starting point for RN”. 
2.2. 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. 
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2.3. 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. 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 allocate only Rel-10 UEs in this region to avoid this problem. But legacy UEs can be allocated with allowable performance degradation and it is up to eNB’s scheduling decision.
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3. R-PHICH, R-PDCCH and R-PDSCH

Even though we need further investigation, the similar approach with legacy PHICH can be adopted for the design of R-PHICH in option 2 configuration or a new mapping rule within relay region “M” should be applied in option 1 and 2 configuration. And we believe that the same mapping and search space rule with legacy PDCCH can be applied to R-PDCCH. 
As can be seen in Table 1 the starting point of relay region can be varied. Consequently we can have two alternatives for mapping of R-PDSCH. R-PDSCH can be mapped right from the start of relay region or it can be mapped after R-PDCCH. If the first alternative is to be used, the mapping of R-PDCCH should go across the RN control region, but additional signaling is involved to indicate the start of relay region for each RN, which needs further investigation. Some of REs will be wasted if the second alternative is applied.

4. Conclusion 
In this contribution, we have suggested a couple of schemes for the R-PCFICH configuration. We recommend that the same contents of information be contained in R-PCFICH as regular PCFICH and consequently the same encoding scheme be adopted for R-PCFICH. Option 2 can exploit the same frequency diversity gain especially for mobile RN at the expense of possible performance degradation for legacy UEs while option 1 suffers from low frequency diversity especially for mobile RN. We propose option 2 in this regard.

Mapping of R-PDSCH needs further study.
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