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1 Introduction
Type I relay is considered as one of the features in LTE-Advanced system to increase the coverage and throughput.  Type I relay is inband relay that the DeNB-to-RN link operates in the same frequency spectrum as the relay-to-UE link.  For the backhaul design (DeNB-to-RN link), it is agreed that [1]:
· A new physical control channel, R-PDCCH, is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 
· Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual 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.
This contribution discusses backhaul DCI formats transmitted on R-PDCCH.
2 Discussion

In LTE system, eNB will send DCI to UE through PDCCH.  UE will decode PDCCH and read the corresponding DCI.  UE will know the current subframe downlink control information through downlink related DCI.  If it is uplink related DCI, the control information is used for n+4 uplink subframe where n is the current subframe number.  There is always a DCI associated with the transmission in each subframe and each field in the each DCI will always be transmitted.
LTE-A relay backhaul system (DeNB<->RN) design will follow the LTE design principle, i.e., it will reuse most of the existing LTE design.  R-PDCCH will be used to carry relay backhaul control signalling and transmitted in donor eNB's PDSCH region.  The control information, similar to LTE DCI, will be used and mapped to R-PDCCH.
If the fixed RN is deployed carefully, there is relatively better link gain available for the backhaul [2] and relay backhaul channel will not change so fast.  Some fields in different DCI formats will change when there is a R-PDCCH transmission involved while other fields may not change for a certain period of time.  We can first transmit the full DCI format.  Once RN receives this DCI format correctly, only the fields that are changed subframe by subframe are transmitted.
We will use DCI format 2 as an example to describe the scheme although relay backhaul transmission may not use the exact same DCI format as rel-8.  Table 1 gives the number of bits in each field in LTE DCI format 2.
	Fields
	#bits

	Resource allocation header
	1

	Resource allocation
	17

	TPC command for PUCCH
	2

	DL assignment index
	0

	HARQ process number
	3

	Transport block to codeword swap flag
	1

	TB1: Modulation and coding scheme
	5

	TB1: New data indicator
	1

	TB1: Redundancy version
	2

	TB2: Modulation and coding scheme
	5

	TB2: New data indicator
	1

	TB2: Redundancy version
	2

	Precoding information
	3

	Additional zero padding to avoid ambiuous sizes
	0

	Total
	43


Table 1: LTE DCI Format 2
The DCI contained all the fields are defined as full DCI.  It can be divided to two parts.  The control information, like HARQ information etc, can be grouped together and transmitted in every subframe when there is related R-PDCCH transmission involved.  The remaining control information, for example, MCS, TPMI, etc that do not belong to partial DCI is grouped and called remaining DCI.  Figure 1 shows the relation between different DCI definations.
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Figure 1: Relation between different DCI definitions
One example of remaining DCI is shown in Table 1 marked with orange and it includes two MCS fields and the precoding information field.  The example of full DCI and partial DCI for three RNs is illustrated in Figure 2.  DeNB will transmit the full DCI first and partial DCI.  When partial DCI is received, RN will use the previous received full DCI and current partial DCI to reconstruct the current full DCI.  
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Figure 2: Partial DCI and Full DCI Transmission
3 Conclusion

In this contribution we present a relay backhaul DCI format transmission scheme.  Since the backhaul channel does not change very fast for fixed relay, the relay backhaul DCI format can be divided into two parts: one part may change subframe by subframe while the other part will not change for a certain period of time.  DeNB can first transmit the full DCI format.  Once RN receives it correctly, only the fields that are changed subframe by subframe are transmitted.
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