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1 Introduction
It was agreed in TR 36.814 that a type 1 relay node is an in-band relaying node. Each type 1 relay controls one “cell”, appearing to a UE as a separate cell distinct from the donor cell. It has its own Physical Cell ID (defined in LTE Rel-8) and the relay node transmits its own synchronization channel and reference symbols. 
In this contribution, we discuss the impact of interference on relay DL control channels/signals for type 1 relay and some possible interference mitigation solutions to enhance the performance. 
2 Control channel 
2.1 PCFICH

When multiple type 1 relays are deployed in the coverage of donor cell, more resources can be used to achieve the expected cell-splitting gain. Also some more resources can be used to mitigate the interference to control channels and signals, e.g, PCFICH, PHICH and PDCCH. In detail, eNB’s CFI can be always chosen to the specification-defined maximum value. Correspondingly, more resources can be given to PDCCH and/or PHICH to compensate for the additional interference coming from the type 1 relay. 
2.2 PHICH

In LTE, up to eight PHICH can be multiplexed into one PHICH group via CDM and I/Q multiplexing, and PHICH group are FDM-ed. Since a small number of UEs are served by relay as shown in[3]

 REF _Ref242002732 \n [4]

 REF _Ref242002733 \n [5], the relay can always define Ng to be large enough to assign PHICH evenly in all groups, In this way, there will be one PHICH in each PHICH group with high probability, so each PHICH experiences less inter-CDM interference.  Another possible gain for PHICH comes from the time diversity when always setting PHICH duration to be the larger one. 
2.3 PDCCH

For PDCCH, permutation and cell-specific cyclic shifting distribute almost randomly the signal in all REGs not assigned to PCFICH or PHICH in order to randomize the interference among neighbouring eNB. To support the UEs at cell edge, the aggregation of 8 CCE can be used to adapt to the bad channel conditions. Further, more NULL in control channel region can be also used by donor eNB. After permutation and cell-specific cyclic shifting, only a fraction of REG quadruplets belonging to a relay PDCCH are interfered. Correspondingly, the equivalent interference from donor eNB to relays’ PDCCH is reduced. Reserving NULL transmission is also helpful to reduce the interference to relays’ PHICH and CRS. 
	Parameter
	Value

	Carrier Frequency 
	2 GHz

	Antenna configuration 
	2x2

	System Bandwidth
	10 MHz for PDCCH simulation;

1.4 MHz for PBCH simulation

	TTI duration
	14 OFDM symbols

	OFDM symbols for PDCCH
	2

	Ng for PHICH
	1 (i.e., 7 REG)

	PHICH duration 
	1 OFDM

	# CCEs per TTI 
	25-

	DCI 
	Format 1

	Payload 
	31 bits (or 47bits with CRC)

	CCE level 
	8

	Cell_ID (relay) 
	120

	Cell_ID (eNB)
	122

	Channel 
	EPA

	UE Speed
	2.7 km/h

	Signal-to-RS ratio (EsER)
	0 dB

	Signal-to-Interference ratio (EsEI)
	-3dB

	Channel Estimation
	Ideal or Wiener filter


Table 1  Simulation parameters 
Figure 1 illustrates the performance of PDCCH in different scenarios. The simulation setting is in Table 1. In the legend, “# NULL CCE at eNB” denotes the number of NULL CCEs at eNB, whose Tx power is set to 0, and thus do not interfere with the relay. There is a total of 25 CCEs for the PDCCH.
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Figure 1  Performance of relays’ PDCCH when EsEI (Signal-to-Interference ratio) is -3dB
From the figure, we can see that when there is no interference management, (e.g., 17 NULL CCE case), the required minimum SNR is quite high to achieve the 0.01 BLER target.  
2.4 PBCH

Both PBCH from donor cell and relay are located in the first four OFDM symbols in slot #1 per radio frame and in the six PRB of the central carrier. Consequently, the relay and the eNB interfere with each other. To evaluate the performance in the case of without interference, we give the simulation results in Figure 2. 
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Figure 2  PBCH performance with and without interference
It can be seen that, compared to the “without interference” case, the case of “with interference and EsEI =0dB” has about 1dB degradation at BLER=0.01 point, and has an error floor at BLER=0.001 resulting from the equivalent SINR threshold. However, when 3dB power offset is used, an error floor with BLER larger than 0.01 occurs for UEs in the new relay cell, not satisfying the performance requirement. So, some interference mitigation method should be employed for Type 1 relay.

3 Conclusion
In this contribution, we discuss the control channel performance for type 1 relay in presence of interference from the eNB. Based on the analysis, it is shown that though a little degradation occurs for the performance in the interference scenario, it is does not seem to be an issue for type 1 relay. Further, some mitigation solutions are given to improve its performance, which include: 
· Donor cell sets the largest CFI value; 
· Relay cell configures its PHICH duration to the largest one to achieve possible time diversity; Relay cell configures Ng to be large enough to maximize the PHICH group number and assign PHICH evenly to the extent possible in all groups.
· Relay cell always use the higher CCE level for PDCCH. 
· Some interference mitigation is needed for some cases in order to correctly decode the PBCH
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