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1 Introduction
The text proposal on eNB-relay control channel [11] describes the characteristic of R-PDCCH as follows:
The “R-PDCCH”
· is transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link. 

· is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link

· is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.

· is used to assign downlink resources in the same subframe and/or in one or more later subframes.

· is used to assign uplink resources in one or more later subframes
In this contribution we discuss in more details on several aspects of R-PDCCH, for example, starting time in terms of number of OFDM symbols within the subframe, resource allocation/mapping and modulation of R-PCFICH/R-PHICH/R-PDCCH. We try to reuse the concept of the Rel-8 control channel. 
2 Discussion
2.1 Starting point for backhaul link
In MBSFN subframes, it is difficult for RN to receive the downlink L1/L2 control information from eNB, since RN does not know the number of OFDM symbols for the control channel and RN also needs to transmit control information to its UEs. In other words, RN cannot accurately receive its own control information. Normally, in-band RN needs a guard period (GP) for switching between transmission and reception. GP duration is one OFDM symbol, which is enough to switch. The number of OFDM symbols used for PDCCH can be one or two OFDM symbols in a MBSFN subframe (access link) and up to four OFDM symbols in a normal subframe (direct link) as shown in Table 1.
Table 1: Starting point for backhaul link (Unit: OFDM symbol)

	Direct SFs PDCCH
	Access SFs PDCCH
	GP
	Starting point 
	Wait

	Number of OFDM symbols for PDCCH when 
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	1
	1
	1
	4th
	1

	2
	1
	1
	4th
	1

	3
	1
	1
	4th
	0

	1
	2
	1
	4th
	0

	2
	2
	1
	4th
	0

	3
	2
	1
	4th
	0

	Number of OFDM symbols for PDCCH when 
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	2
	1
	1
	5th
	2

	3
	1
	1
	5th
	1

	4
	1
	1
	5th
	0

	2
	2
	1
	5th
	1

	3
	2
	1
	5th
	1

	4
	2
	1
	5th
	0


Here, wait symbol number depends on the number of direct SFs PDCCH and access SFs PDCCH and only happens when both use small number of PDCCH symbols Only a few frequency resources are wasted inside wait symbol but this isn’t crucial. Wait symbol number depends on the following formula:
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RN shall always assume that number of OFDM symbols for PDCCH when 
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 is 3 and number of OFDM symbols for PDCCH when 
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 is 4. Therefore, the preferable starting of RN’s control and traffic is 4th or 5th OFDM symbol. When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol, otherwise, RN starts receiving its control and traffic from 4th OFDM symbol.
2.2 Resource allocation
A subset of the PRBs or/and OFDM symbols can be allocated for control information between eNB and RN. First, the size and location of the subset should be obtained by RN before the demodulation of RN. These PRBs in the subset can be of two types as seen in Figure 1. One is static state or semi-static (S-PRB in light blue with grid), the other is dynamic (D-PRBs in light blue). Their properties are as follows:
· S-PRBs can be used for carrying control information of eNB to RNs and configuration information of D-PRBs
· The locations of S-PRBs are according to PCFICH REGs
· Configuration information of D-PRBs can adopt any assignment mode of Rel-8 DCI
· D-PRBs can be used only for carrying control information of eNB to RNs
· The locations of D-PRBs are according to configuration information in S-PRBs
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Figure 1: Backhaul link control channel structure
2.3 Mapping and modulation
2.3.1 R-PCFICH

The mapping of R-PCFICH REGs is the same with PCFICH REGs as seen in Figure 1 and defined in [3] Section 6.7.4, i.e., R-PCFICH REGs are only mapped in frequency-domain inside 4th or 5th OFDM symbol. In addition, R-PCFICH can adopt 16QAM modulation due to better channel quality of the backhaul link. Here, symbol quadruplets shall be mapped to the two REGs in the first OFDM symbol in R-PDCCH with the representative resource-element given by, as seen in Figure 2.
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where，
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 is the physical-layer cell identity of RN.
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Figure 2: R-PCFICH with 16QAM modulation
2.3.2 R-PHICH
In time-domain, the scheme of normal PHICH duration and extended PHICH duration can be reused in a similar way for R-PHICH as shown in [3] Section 6.9.3. LTE-A supports UL single user spatial multiplexing, meaning that up to two transport blocks can be transmitted from a scheduled UE in a subframe per UL component carrier, i.e., UL RN may be also support spatial multiplexing. In other words, each transport block may have its own ACK/NACK feedback signaling and a direct way is QPSK modulation corresponding to 2 bits ACK/NACK as seen in Figure 3. Here, backhaul DL ACK/NACK shall be symbol-wise multiplied with an orthogonal sequence, resulting the number of RNs multiplied in one R-PHICH group become less. However, this may not be a serious issue because the number of RN in system is expected to be smaller than that of UEs.
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Figure 3: R-PHICH with QPSK modulation

2.3.3 R-PDCCH
The number of OFDM symbols used for R-PDCCH transmission can be indicated in the similar way as for PDCCH as described in Section 6.8.5 of [3]. In frequency-domain, the REGs that are not assigned to R-PCFICH or R-PHICH will be used for the mapping of R-PDCCH.
R-PDCCH overhead can be reduced by high-order modulation (e.g. 16QAM) under better channel quality condition. Here, Rel. 8 code-rate can be reused for channel coding and rate matching of DCI. Moreover, a CCE still corresponds to 9 REGs as for PDCCH. With this assumption, we can modulate R-PDCCH with 16QAM, which means that the bit number in a CCE can be doubled compared to LTE as shown in Table 2, i.e. CCE number 
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Table 2: bits/CCE
	Aggregation level
	bits/CCE(access link)
	bits/CCE(backhaul link)

	1
	72
	144(72+72)

	2
	144
	288

	4
	288
	576

	8
	576
	1152


Aggregation level 
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 may not be needed due to the high code-rate envisioned for R-PDCCH. There are perhaps three candidates (e.g. full CCE and two half CCE) when
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. To reduce the number of R-PDDCH candidates, we can adopt parity way. This means blind detection full CCE and left half CCE when 
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. Moreover, for each aggregation level, we should further study the number of R-PDCCH candidates.
3 Conclusion
Several aspects regarding to control channel were discussed. In this contribution we proposed: 

· Starting point for backhaul link
· When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol
· Otherwise, RN starts receiving its control and traffic from 4th OFDM symbol
· S-PRBs can be used for carrying control information of eNB to RNs and configuration information of D-PRBs

· The locations of S-PRBs are according to PCFICH REGs
· Configuration information of D-PRBs can adopt any assignment mode of Rel-8 DCI

· D-PRBs can be only used for carrying control information of eNB to RNs
· The locations of D-PRBs are according to configuration information in S-PRBs
· R-PCFICH
· The mapping of R-PCFICH REGs is the same as for PCFICH REGs
· R-PCFICH can use 16QAM or higher modulation order due to better channel quality of backhaul link
· R-PHICH

· The scheme of PHICH can be reused in a similar way as of R-PHICH
· QPSK modulation corresponding to ACK/NACK of two transport blocks
· R-PDCCH

· The scheme of PDCCH can be reused in a similar way for R-PDCCH
· R-PDCCH can use 16QAM or higher modulation order due to better channel quality of backhaul link
References
[1] TR 36.913 v8.0.1, “Requirements for Further Advancements for E-UTRA (LTE-Advanced)”
[2] TR 36.814 v1.0.2, “Further Advancements for E-UTRA Physical Layer Aspects”
[3] TS 36.211 v 8.6.0, “Physical Channels and Modulation”
[4] TS 36.212 v 8.6.0, “Multiplexing and channel coding”
[5] TS 36.213 v 8.6.0, “Physical layer procedures”
[6] R1-090906, “Text proposal for TR36.814 on backhaul for relays”, Ericsson, Nokia, #56
[7] R1-091112, “Text proposal on type 1 relaying”, Ericsson, #56
[8] R1-091124, “WF on Access-Backhaul partitioning of Relays”, Nokia, NSN, #56
[9] R1-091361, “Text proposal for 36.814 on Access-Backhaul partitioning of Relays”, Nokia, NSN, #56bis
[10] R1-091632, “Type II relay frame-work definition”, Vodafone etc, #56bis
[11] R1-092249, “Text proposal on backhaul resource assignment”, Nokia, NSN etc, #57
[12] R1-092264, “Way forward on Type II relay”, Alcatel-Lucent etc, #57
[13] R1-090641, “Control signaling structures for relay link”, ZTE, #56
[14] R1-091424, “Control Channel Structure and Mapping Pattern of Backhaul Link”, ZTE, #56bis
[15] R1-091689, “MBSFN Subframe and Control Structure for Relay Type 1 nodes”, NEC, #57
[16] R1-091737, “Control Signalling for Relay Nodes”, Panasonic, #57

[17] R1-091763, “Control Channel for Relay Backhaul link”, NSN, Nokia, #57
[18] R1-091783, “Relay Link Control Signalling”, Research In Motion, UK Limited, #57
[19] R1-091806, “Interference mitigation for control channels and signals of type 1 relays”, HW, #57
[20] R1-091831, “Considerations on eNB-to-Relay backhaul design”, CMCC, #57

[21] R1-091871, “Discussion on Backhaul Control Design for Type-I L3 Relay”, Samsung, #57
[22] R1-091937, “Frame Structure and Signaling to Support Relay Operation”, Motorola, #57
[23] R1-091990, “Design of Backhaul Control Channel for Type I Relay in LTE-A”, CATT, #57

[24] R1-092115, “Resource Allocation and Downlink Control Channel Structure for Relay Backhaul Link”, LG Electronics, #57
_1303545688.unknown

_1304235209.unknown

_1304235612.unknown

_1304248595.unknown

_1304400234.unknown

_1304235890.unknown

_1304248594.unknown

_1304235611.unknown

_1304235125.unknown

_1304235135.unknown

_1303560996.vsd
�

t


f


PDCCH�

PCFICH


R-PDCCH


R-PDCCH with configuration info


R-PCFICH


PDSCH or R-PDSCH


R-PDSCH


1 OFDM symbol


12 subcarriers



_1303815947.vsd
multiplexing


QPSK


…


bit level 
R-PHICH


bit-wise repeat


00/ 01/ 10/ 11


00 00 00/ 01 01 01/ 10 10 10/ 11 11 11


3 symbols


multiplexing


symbol-wise repeat


…


bit level 
R-PHICH


QPSK


00/ 01/ 10/ 11


3 symbols


1 symbol



_1304144451.unknown

_1303560933.vsd
�

t


f


PDCCH�

PCFICH


R-PDCCH


R-PDCCH with configuration info


R-PCFICH


PDSCH or R-PDSCH


R-PDSCH


1 OFDM symbol


12 subcarriers



_1280649377.unknown

_1301834094.unknown

_1303211784.unknown

_1280649342.unknown

