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1. Introduction
Relay nodes are supported in LTE-A [1]. In particular, support of in-band half duplex relay is critical to harvest the gain of relay nodes while keeping the cost low. Due to the half duplex property, RN cannot receive and transmit on the same band simultaneously. The DL backhaul transmission can be enabled in an MBSFN subframe in the relay cell [1]. Hence, a new design of control channel for relay backhaul link (i.e. R-PDCCH) is essential. In general, either FDM or TDM+FDM R-PDCCH design is possible. One related issue is the design of reference signals for R-PDCCH [2], as well as R-PDSCH. In this contribution, we evaluate the R-PDCCH and R-PDSCH performance on relay backhaul link by link level simulations.
2. RS for R-PDCCH
In this section, we evaluate the R-PDCCH detection performance, with various R-PDCCH reference design options. Further, TDM+FDM R-PDCCH design is assumed in this contribution, where R-PDCCH is transmitted in the 5th – 7th OFDM symbols in the first slot. The set of R-PDCCH PRBs can be semi-statically assigned by the donor eNB. Note that observations on the TDM+FDM R-PDCCH approach are generally also applicable to FDM R-PDCCH design.
2.1. Partial Rel-8 CRS vs. complete Rel-8 CRS

In a DL backhaul subframe, RN has to transmit the first one or two OFDM symbols in its own cell. Therefore, RN cannot receive the eNB Rel-8 CRS within the first two OFDM symbols. 
In case the backhaul subframe is a non-MBSFN subframe and Rel-8 CRS is used for R-PDCCH demodulation, then RN can use at most 3 Rel-8 CRS OFDM symbols for antenna port 0/1 and 1 Rel-8 OFDM symbol for antenna port 2/3. Note that the Rel-8 CRS is present over the system bandwidth. Therefore, joint channel estimation over multiple PRBs using Rel-8 CRS is possible to improve the channel estimation accuracy.

In case the backhaul subframe is an MBSFN subframe, the Rel-8 CRS is not present on the OFDM symbols which an RN is capable of receiving. Assuming RN shall use Rel-8 CRS for the demodulation of R-PDCCH, Rel-8 CRS shall be inserted in the PRBs where R-PDCCH is transmitted. With the assumed TDM+FDM R-PDCCH design, two possibilities of Rel-8 CRS insertion on R-PDCCH PRBs are studied. Case 1 refers to the scenario where Rel-8 CRS is only inserted on the R-PDCCH OFDM symbols in the first slot. Case 1 applies only to 2 Rel-8 CRS. Case 2 refers to the scenario where Rel-8 CRS are inserted in the R-PDCCH OFDM symbols in the first slot, as well as in the second slot. Case 2 applies to both 2 and 4 Rel-8 CRS. 
Table 1 lists the simulations assumption comparing the R-PDCCH detection performance with complete and partial Rel-8 CRS.  Figure 1 shows the R-PDCCH BLER for 3km/h and 30km/h. Note that the complete Rel-8 CRS provides an upper bound on the R-PDCCH performance, since the Rel-8 CRS in the first two OFDM symbols within the first slot cannot be received by a half-duplex relay in case the backhaul subframe is an MBSFN subframe in the relay cell. Further, in this simulation, it is assumed that the R-PDCCH PRBs are distributed. Therefore, with partial Rel-8 CRS (both Case 1 and Case 2), the channel estimation granularity is 1 PRB, which reduces the channel estimation accuracy. 
The results in Figures 1 – 2 indicate that partial Rel-8 CRS Case 2 has a performance loss about 2 dB compared to the upper bound of full Rel-8 CRS. Further, partial Rel-8 CRS Case 1 roughly has a 2 dB loss compared to partial Rel-8 CRS Case 2 with two Rel-8 CRS. It shall be noted that Case 1 and Case 2 with partial Rel-8 CRS assume that the backhaul subframe is an MBSFN subframe in the donor eNB cell. In case the backhaul subframe is a non-MBSFN subframe in the donor eNB cell, then Rel-8 CRS is present over the system bandwidth. Hence, the R-PDCCH detection performance shall be better than the results of partial Rel-8 CRS Case 2 in Figures 1 – 2, due to improved channel estimations over multiple PRBs.
Table 1: Simulation assumptions for R-PDCCH with complete and partial Rel-8 CRS
	Parameter
	Assumption

	Number of eNB antennas
	2 or 4 uncorrelated

	Number of RN antennas
	2 or 4 uncorrelated

	System bandwidth
	5 MHz

	Channel model
	ETU

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Partial Rel-8 CRS: 1 PRB

Full Rel-8 CRS: 6 PRBs

	R-PDCCH CCE aggregation level
	1, 2, 4 CCEs

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	5th, 6th, 7th OFDM symbol in the first slot

	R-PDCCH PRBs
	PRB indices {2, 6, 10, 14, 18, 22}

	Full Rel-8 CRS
	Antenna ports {0, 1}                         Antenna ports {0, 1, 2, 3}
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	Partial Rel-8 CRS
	Antenna ports {0, 1}
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	RN mobility
	3km/h, 30km/h

	DCI format size
	DCI format 1 for 5MHz and FDD
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Figure 1: R-PDCCH BLER with full and partial Rel-8 CRS with 3km/h (left) and 30km/h (right), 2 ports
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Figure 2: R-PDCCH BLER with full and partial Rel-8 CRS with 3km/h (left) and 30km/h (right), 4 ports

2.2. Partial Rel-8 CRS vs. Non-precoded Rel-10 DM RS
In this section, we compare the R-PDCCH performance with partial Rel-8 CRS and non-precoded Rel-10 DM RS. The simulation assumptions are listed in Table 2. Figures 3 – 4 show that non-precoded Rel-10 DM RS provides better R-PDCCH detection performance than partial Rel-8 CRS.
Table 2: Simulation assumptions for R-PDCCH with full and partial Rel-8 CRS

	Parameter
	Assumption

	Number of eNB antennas
	2 or 4 uncorrelated

	Number of RN antennas
	2 or 4 uncorrelated

	System bandwidth
	5 MHz

	Channel model
	ETU

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Partial Rel-8 CRS: 1 PRB

Non-precoded Rel-10 DM RS: 1 PRB

	R-PDCCH CCE aggregation level
	1, 2, 4 CCEs

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	5th, 6th, 7th OFDM symbol in the first slot

	R-PDCCH PRBs
	PRB indices {2, 6, 10, 14, 18, 22}

	Non-precoded Rel-10 DM RS
	Antenna ports {7, 8}
Case 1: partial                           Case 2:full

[image: image10.emf]PDCCH

R-

PDCCH

R-PDSCH

slot 1 slot 2

     
[image: image11.emf]PDCCH

R-

PDCCH

R-PDSCH

slot 1 slot 2


Note: antenna ports {0, 1} do not exist

	Partial Rel-8 CRS
	Antenna ports {0, 1}

Case 1: partial 1                          Case 2: partial 2
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Note: antenna ports {7, 8} do not exist

	RN mobility
	3km/h, 30km/h

	DCI format size
	DCI format 1 for 5MHz and FDD
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Figure 3: R-PDCCH BLER with Rel-8 CRS and non-precoded Rel-10 DM RS, 
3km/h (left) and 30km/h (right), 2 ports
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Figure 4: R-PDCCH BLER with Rel-8 CRS and non-precoded Rel-10 DM RS, 
3km/h (left) and 30km/h (right), 4 ports
2.3. Localized vs. distributed
In this section, we study the performance of localized and distributed R-PDCCH PRB allocations. The simulation assumptions are listed in Table 3. For both localized and distributed R-PDCCH PRBs, the channel estimation granularity of 1 PRB is compared, with the intention to show the impact of frequency selectivity on R-PDCCH performance. In addition, the results with channel estimation granularity of 6 PRBs are provided. 
Figures 5 – 6 show the R-PDCCH detection performance with localized and distributed PRBs. It is observed that with channel estimation granularity of 1 PRB, the distributed R-PDCCH PRB allocation provides additional frequency diversity than the localized R-PDCCH PRB scheme, having approximately 1 dB gain at 1% BLER. For localized R-PDCCH PRBs with channel estimation granularity of 6 PRBs, joint channel estimation is performed over the multiple consecutive R-PDCCH PRBs to improve the channel estimation accuracy. With 2 Rel-8 CRS, localized R-PDCCH with joint channel estimation achieves similar performance as distributed R-PDCCH with per PRB channel estimation, at 1% BLER. With 4 Rel-8 CRS, localized R-PDCCH with joint channel estimation outperforms distributed R-PDCCH with per PRB channel estimation. Note that in this set of simulation, it is assumed that Rel-8 CRS only exists on the R-PDCCH PRBs. In other words, the backhaul subframe is an MBSFN subframe in the donor eNB cell. 
Table 3: Simulation assumptions for R-PDCCH with localized and distributed R-PDCCH PRBs
	Parameter
	Assumption

	Number of eNB antennas
	2 or 4 uncorrelated

	Number of RN antennas
	2 or 4 uncorrelated

	System bandwidth
	5 MHz

	Channel model
	ETU

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Partial Rel-8 CRS: 1 PRB for distributed R-PDCCH
1 and 6 PRBs for localized R-PDCCH

	R-PDCCH CCE aggregation level
	1, 2, 4 CCEs

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	5th, 6th, 7th OFDM symbol in the first slot

	Distributed R-PDCCH PRBs
	PRB indices {2, 6, 10, 14, 18, 22}

	Localized R-PDCCH PRBs
	PRB indices {10, 11, 12, 13, 14, 15}

	Partial Rel-8 CRS
	Antenna ports {0, 1}      Antenna ports {0, 1, 2, 3}
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	RN mobility
	3km/h, 30km/h

	DCI format size
	DCI format 1 for 5MHz and FDD
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Figure 5: R-PDCCH with localized and distributed R-PDCCH PRBs, 3km/h (left) and 30km/h (right), 2 ports
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Figure 6: R-PDCCH with localized and distributed R-PDCCH PRBs, 3km/h (left) and 30km/h (right), 4 ports
3. RS for R-PDSCH

In the section, we study the performance of R-PDSCH using Rel-8 CRS. In particular, the results of partial Rel-8 CRS are important as a half duplex relay may not receive the complete Rel-8 CRS from its donor eNB. Further, Rel-9 antenna ports 7/8 can also be used for R-PDSCH, with the expectation that the performance of R-PDSCH with antenna port 7/8 is similar to UE R-PDSCH with antenna port 7/8, hence not within the scope of this contribution. It is also assumed that the R-PDSCH PRBs does not contain R-PDCCH.
3.1. Partial Rel-8 CRS vs. complete Rel-8 CRS

This study is to show the R-PDSCH performance difference between partial Rel-8 CRS and full Rel-8 CRS. R-PDSCH channel estimation granularity is the same for both partial and full Rel-8 CRS. Figures 7 – 8 show the results for 2x2 and 4x4 respectively, with the simulation assumptions in Table 4. For the case of partial Rel-8 CRS, the Rel-8 CRS OFDM symbols except in the first two OFDM symbols in the first slot are available for R-PDSCH demodulation. For 2x2 systems, it is observed that the R-PDSCH performance with partial Rel-8 CRS is very close to complete Rel-8 CRS, since partial Rel-8 CRS only losses 1/4 of the CRS OFDM symbols. On the other hand, for 4x4 systems, half of the RS OFDM symbols are lost for antenna port 2/3, leading to significant R-PDSCH performance degradation with partial Rel-8 CRS.
Table 4: Simulation assumptions for R-PDSCH with complete or partial Rel-8 CRS
	Parameter
	Assumption

	Number of eNB antennas
	2 or 4 uncorrelated

	Number of RN antennas
	2 or 4 uncorrelated

	System bandwidth
	5 MHz

	Channel model
	ETU

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Partial Rel-8 CRS: 6 PRBs
Complete Rel-8 CRS: 6 PRBs

	Carrier frequency
	2.0 GHz

	R-PDSCH OFDM symbols
	5th – 14th OFDM symbol in a subframe

Note: R-PDSCH only PRBs without R-PDCCH

	R-PDSCH PRBs
	PRB indices {10, 11, 12, 13, 14, 15}

	Full Rel-8 CRS
	Antenna ports {0, 1} or {0, 1, 2, 3}

	Partial Rel-8 CRS
	Antenna ports {0, 1}        Antenna ports {0, 1, 2, 3}
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	RN mobility
	3km/h, 30km/h

	MCS
	QPSK/16QAM/64QAM, rate 1/2

	Transmission scheme
	2x2 CLSM with PMI feedback

	CQI feedback
	Perfect
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Figure 7: R-PDSCH with complete and partial Rel-8 CRS, 2x2, 3km/h (left) and 30km/h (right)
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Figure 8: R-PDSCH with complete and partial Rel-8 CRS, 4x4, 3km/h (left) and 30km/h (right)
3.2. Localized vs. distributed

In this section, we study the performance of localized and distributed R-PDSCH resource allocations, assuming partial Rel-8 CRS. In particular, for distributed R-PDSCH PRB allocation, the channel estimation granularity is 1 PRB, while for localized R-PDSCH PRB allocation, the channel estimation granularity is 6 PRBs.
Table 5 lists the simulation parameters and Figure 9 shows the R-PDSCH BLER performance. It is observed that there is little performance difference between localized and distributed R-PDSCH resource allocations. In principle, distributed R-PDSCH allocation provides better frequency diversity, while localized R-PDSCH allocation gains performance in terms of channel estimation.
Table 5: Simulation assumptions for R-PDSCH with localized and distributed R-PDSCH allocations
	Parameter
	Assumption

	Number of eNB antennas
	2 uncorrelated

	Number of RN antennas
	2 uncorrelated

	System bandwidth
	5 MHz

	Channel model
	ETU

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Distributed: 1 PRB

Localized: 6 PRBs

	Carrier frequency
	2.0 GHz

	R-PDSCH OFDM symbols
	5th – 14th OFDM symbol in a subframe

Note: R-PDSCH only PRBs without R-PDCCH

	Distributed R-PDSCH PRBs
	PRB indices {2, 6, 10, 14, 18, 22}

	Localized R-PDSCH PRBs
	PRB indices {10, 11, 12, 13, 14, 15}

	Partial Rel-8 CRS
	Antenna ports {0, 1}        Antenna ports {0, 1, 2, 3}

Case 1:                           Case 2:
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	RN mobility
	3km/h, 30km/h

	MCS
	QPSK/16QAM/64QAM, rate 1/2

	Transmission scheme
	2x2 CLSM with PMI feedback

	CQI feedback
	Perfect
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Figure 9: R-PDSCH with localized and distributed resource allocation, 2x2, 3km/h (left) and 30km/h (right)
4. Conclusions
In this contribution, we study the R-PDCCH and R-PDSCH detection performance using Rel-8 CRS or non-precoded Rel-10 DM RS. For R-PDCCH, if Rel-8 CRS is used for demodulation, Rel-8 CRS has to be present at least on the R-PDCCH PRBs in eNB’s MBSFN subframes. Note that the Rel-8 CRS in the first two OFDM symbols in the first slot cannot be received by the relay node. In particular, more Rel-8 CRS in R-PDCCH PRBs leads to better R-PDCCH detection performance. Further, non-precoded Rel-10 DM RS provides better R-PDCCH detection performance than partial Rel-8 CRS. For R-PDSCH, 2x2 systems with partial Rel-8 CRS provides decent detection performance, while 4x4 systems with partial Rel-8 CRS suffers significant performance loss due to less reference signal REs for antenna port 2/3. 
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