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1 Introduction
The general frame-work on Type II relay in LTE-A was agreed in [1]. During RAN1#57, further consensus on Type II relay was reached in [2] as following:

· RN transmitting and receiving by TDM in the same UL or DL band of eNB
· For a relay facilitated Rel-8 UE within eNB PDCCH coverage 

· It should receive Rel-8 PDCCH/CRS only from eNB

· It should be able to receive PDSCH transmissions facilitated by RN

· Performance is for further evaluation

· Application of Type II RN to extend coverage of an eNB cell is FFS

In this contribution, we study the application of Type II relay for coverage extension. Link simulation results and link budget analysis show that Type II relay transmitting Rel-8 CRS impacts macro-UE’s PDSCH detection performance, and reduces the relay coverage area significantly. Therefore, it is recommended that further study on Type II relay shall focus on throughput enhancement.
2 Discussion
For the discussion of Type II relays aimed for coverage extension, it is assumed in this document that a macro-UE receives PDSCH only from the eNB and a relay-UE receives PDSCH only from the relay node. In case a type II relay transmits the same Rel-8 CRS as the donor eNB, both the macro-UE and the relay-UE observe mismatched channels on the CRS REs and the PDSCH REs. Therefore, the PDSCH performance shall degrade, due to enlarged channel estimation errors. In this section, we provide PDSCH link simulation results, when relay node transmits Rel-8 CRS.
2.1 Link level simulations
It is assumed in the simulations that two nodes transmit the same CRS and one node transmits PDSCH. The simulation parameters are listed in Table 1.
Table 1: Link level simulation parameters
	Parameters
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PRB allocation
	6

	Number of antenna ports
	2

	Number of codewords 
	1

	Transmission scheme
	Transmit diversity

	Modulation scheme
	QPSK/16QAM/64QAM

	Coding rate
	1/3

	Channel model
	3GPP SCM

	UE Velocity
	3kmph

	Channel estimation algorithm
	2D-MMSE
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Figure 1: BLER of (QPSK, 1/3)


Figure 2: BLER of (16QAM, 1/3)
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Figure 3: BLER of (64QAM, 1/3)
Figures 1–3 show the results for QPSK/16QAM/64QAM, where delta is defined as the difference of the average received power levels between the desired node (i.e. the one transmitting both CRS and PDSCH) and the interfering node (i.e. the one transmitting CRS only). The results indicate that PDSCH performance degrades significantly, unless the received power from the interferer is 20 dB or so below the desired signal.
2.2 Link budget analysis
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Figure 4: eNB cell and RN cell deployment
When type II relay is deployed for coverage extension, it is assumed that UEs are served only by the eNB or the RN. Fig. 4 shows as an example where the RN is placed on the edge of the eNB cell. Table 2 lists the parameters used in this section for link budget analysis. Other parameters such as pathloss are compliant with [4] [5].
Table 2: Parameters for link budget analysis 
	Parameters
	Assumption

	Tx power (eNB/RN)
	46dBm/30dBm

	Antenna gain (eNB/RN)
	14dBi/5dBi

	ISD
	500m      (case 1)

	
	1732m    (case 3)

	Relay radius
	30m        (case 1)

	
	150m      (case 3)

	Distance between eNB and RN
	288m      (case 1)

	
	1000m      (case 3)

	Penetration loss
	20dB


Figures 5 – 6 show the difference of the average received power between the desired signal and the interference, for case 1. Figure 5 is for the macro cell, where the desired signal is from eNB and the interference is from RN. Figure 6 is for the relay cell, where the desired signal is from RN and the interference is from eNB. Given the results in section 2.1, the interference power level has to be 20 dB lower than the desired signal, in order not to degrade PDSCH detection significantly. It is shown in Figures 5 – 6 that the serving area of both the eNB and relay reduces, due to CRS interference on each other. Furthermore, the impact on relay cell is more significant, due to lower transmission power at RN. Figures 7 – 8 indicate that similar observation can be made for case 3. 
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Figure 5: Power difference in macro cell (case 1)                 Figure 6: Power difference in RN cell (case 1)
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Figure 7: Power difference in macro cell (case 3) 
               Figure 8: Power difference in RN cell (case 3)
3 Conclusions
In this contribution, we study the application of Type II relays for coverage extension, where Type II relays transmit Rel-8 CRS. Simulations show that PDSCH detection and cell coverage can degrade significantly, unless the macro cell and the relay cell are well isolated. Therefore, it is recommended that further study on Type II relay shall focus on its application for throughput enhancement, where Type II relays do not transmit Rel-8 CRS.
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