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1 Introduction

At meeting RAN1#60, the following conclusions were agreed on RS for R-PDCCH and R-PDSCH in [1],
· For R-PDCCH,
· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DMRS) depending on RAN4 response on the timing.

· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
In this contribution, we discuss the reference signals for the R-PDCCH demodulation and evaluate the R-PDCCH performance with Rel-8 CRS and non-precoded Rel-10 DMRS by link level simulations.
2 Diversity Gain Comparison between Interleaving and Non-interleaving

Previous RAN1 meetings mainly focused on two multiplexing schemes to consider for R-PDCCH multiplexing (namely TDM+FDM and FDM). In this section we evaluate the obtained diversity gains with various R-PDCCH options including the multiplexing mode (TDM+FDM and FDM), RB number of the R-PDCCH region and the interleaving mode (interleaving or not). It should be noted that all results are given under the ideal channel estimation assumption (for this section), and the other simulation assumptions are listed in Table 1. Moreover, the CCE number assumed for TDM+FDM and FDM are the same, different number of RB are selected according to the multiplexing mode, such as 2, 4, 7, 10, 17 and 1, 2, 3, 4, 7 are selected for TDM+FDM and FDM respectively. More details are listed in table2 of Appendix B. 
It can be seen from the Fig. 1 that the more RBs are used for interleaving, the more frequency diversity gain can be obtained, specifically about 1dB frequency diversity gain by interleaving across 10 RBs. Overall, TDM+FDM outperforms FDM under the same CCE allocation, and more gain can be obtained when the number of CCE is increased.
Based on the above observations, interleaving should be used to obtain the frequency diversity gain of R-PDCCH.
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Fig. 1 Demodulation performance comparisons of R-PDCCH between TDM+FDM and FDM with or without interleaving
3 CRS and DM-RS based R-PDCCH Demodulation
According to the RS agreement and the different scenarios, we study whether CRS can be used for R-PDCCH demodulation when only normal subframes are configured for backhaul subframes, and whether non-precoded DMRS can be used for R-PDCCH demodulation in backhaul subframes if only MBSFN subframes are configured for backhaul subframes. Some companies have also discussed and studied the R-PDCCH detection performance with Rel-8 CRS and non-precoded DMRS [2-5].
3.1 CRS-based R-PDCCH Demodulation
In the case where the backhaul subframe is a normal subframe, Rel-8 CRS can be reused for R-PDCCH demodulation with some advantages. Joint channel estimation over multiple RBs can be carried out to improve the channel estimation accuracy because Rel-8 CRS is present over the entire system bandwidth in normal subframes [2-4]. Furthermore, the existing PDCCH processing schemes can be reused, such as the REG-based interleaving.
RNs cannot receive the Rel-8 CRS within the first two OFDM symbols in a DL backhaul subframe because of the MBSFN configuration of the access downlink subframe and also possibly the RN Tx/Rx switching time. Consequently, the RNs can use at most three Rel-8 CRS OFDM symbols for antenna port 0/1 and one Rel-8 OFDM symbol for antenna port 2/3 in the backhaul subframe. 
In this section, we evaluate the R-PDCCH detection performance with various R-PDCCH options including the RS pattern and RB number of the R-PDCCH region. With the assumed hybrid TDM+FDM R-PDCCH design where R-PDCCH is transmitted within the 4th-7th OFDM symbols in the first slot, joint partial Rel-8 CRS-based channel estimations with 1, 2 and 3 CRS symbols (namely Partial CRS1, Partial CRS2 and Partial CRS3) are studied. Partial CRS1, CRS2 and CRS3 patterns and other simulation assumptions are listed in Table 1. 
Fig. 2 shows the CRS-based R-PDCCH BLER performance upper bound with full Rel-8 CRS, REG-based interleaving, ideal and realistic 2D-MMSE channel estimation algorithms. Fig. 3 indicates the performance comparisons between full and partial CRS. It can be seen that partial CRS2 and partial CRS1 suffer performance losses of about 0.8 dB and 1.8dB at 1% BLER respectively compared to the upper bound with full Rel-8 CRS. It shall be noted that Rel-8 2D-MMSE channel estimation with joint RB can be fully reused because Rel-8 CRS for R-PDCCH is assumed present only in normal subframes.
The above discussions and simulation results show: 
· Rel-8 CRS-based backhaul design should be supported

· Partial CRS2-based R-PDCCH detection performance with a shorter decoding latency suffers an acceptable performance loss compared to that with full CRS. 
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Fig. 2 Demodulation performance of R-PDCCH with full CRS, based on ideal and 2D-MMSE channel estimation
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Fig. 3 Demodulation performance of R-PDCCH with full CRS and partial 3 and 2 CRS, based on 2D-MMSE channel estimation
3.2 Non-precoded Rel-10 DMRS based R-PDCCH Decoding
It has been agreed that Rel-10 DM-RS will be used to demodulate R-PDCCH in MBSFN subframes. Therefore, we further discuss and evaluate the R-PDCCH performance with non-precoded Rel-10 DMRS. 

With the same assumptions mentioned above, the R-PDCCH can be demodulated with partial Rel-10 DMRS which is only present within the last two OFDM symbols in the first slot. Though the agreed DMRS patterns can be reused, there are some limitations on non-precoded DMRS in the backhaul subframes. Only DMRS in the second slot can be precoded for R-PDSCH demodulation which will limit the maximum layers of R-PDSCH spatial multiplexing and impact the detection performance of R-PDSCH. 
In this section, we evaluate the DMRS-based R-PDCCH detection performance with different options including the DMRS pattern (full and partial), RB granularity and the RB number of the R-PDCCH region. Full, partial DMRS patterns and other simulation assumptions are also listed in Table 1. 

Fig. 4 shows R-PDCCH BLER performance comparisons among full DMRS, full CRS and partial CRS3 with REG-based interleaving and realistic 2D-MMSE channel estimation algorithms. Note that joint 2 RB-based channel estimation with full DMRS provides about a 0.3 dB performance gain at 1% BLER over the single RB-based estimation. It also can be seen that, with joint channel estimation, full CRS outperforms full DMRS with about a 0.2 dB gain because CRS pattern occupies more REs than DMRS in each subframe.
Fig. 5 indicates about a 1dB performance loss of the partial DMRS at 1% BLER compared to the full DMRS. Moreover, the performance comparisons between partial CRS2 and partial DMRS are shown in Fig. 6.. Partial CRS2 outperforms the joint 2RB partial DMRS and achieves about a 0.7dB gain over the single RB partial DMRS.
Based on the above discussions and simulation results, compared to the partial CRS based R-PDCCH with joint RB-based channel estimation: 
· Partial DMRS obtains a marginal detection performance gain for localized R-PDCCH with joint RB based channel estimation. 

· There is more performance loss for distributed R-PDCCH without joint RB based channel estimation
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Fig. 4 Demodulation performance of R-PDCCH with full CRS and Non-precoded DMRS, based on 2D-MMSE channel estimation
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Fig. 5 Demodulation performance of R-PDCCH with full and partial Non-precoded DMRS, based on 2D-MMSE channel estimation
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Fig. 6 Demodulation performance of R-PDCCH with partial CRS2 and partial Non-precoded DMRS, based on 2D-MMSE channel estimation
4 Conclusions
This contribution discusses the demodulation RS for R-PDCCH. According to the discussions and simulation results, we make the following 3 proposals
· Proposal#1: Interleaving should be used to obtain the frequency diversity gain of R-PDCCH.
· Proposal#2: Rel-8 CRS should be used for R-PDCCH demodulation if only normal backhaul subframes are configured as backhaul subframes for one RN.
· Proposal#3: Non-precoded Rel-9/10 DMRS can be used for R-PDCCH demodulation if only MBSFN subframes are configured as backhaul subframes for one RN.
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Appendix A．Simulation assumptions for R-PDCCH with full and partial Rel-8 CRS and Rel-10 DMRS 
Table 1 Simulation assumptions for R-PDCCH with full and partial Rel-8 CRS and Rel-10 DMRS
	Parameter
	Assumption

	Number of eNB antennas
	2 uncorrelated

	Number of RN antennas
	2 uncorrelated

	System bandwidth
	10 MHz (available RB num = 50)

	Frame structure 
	LTE Rel-8 FDD, Normal CP

	Transmission Mode
	LTE transmit diversity (SFBC)

	Modulation scheme

	QPSK

	Channel coding and rate

matching
	Same as Rel-8 PDCCH

	RN deployment
	Fixed

	Channel model
	3km/h, NLOS scenarios, detailed parameters are listed in R1-100559.

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Rel-8 CRS: joint (2 RB)
Non-precoded Rel-10 DMRS: 1 RB and joint (2 RB)

	R-PDCCH CCE aggregation level
	1 CCE with REG-based interleaving

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	#3,#4,#5,#6 OFDM symbol in the first slot

	R-PDCCH RBs
	Randomly localized 2 or 10 RBs

	R-DCI payload

	40 bits (including 16 bits CRC) 

	Channel estimation
	Ideal or 2D MMSE, depending on the simulation scenarios

	# simulation TTI
	10000 (Simulation in each TTI is independent)

	Full Rel-8 CRS
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Appendix B. CCEs and RBs required for TDM+FDM and FDM comparison
Assuming both DL grant and UL grant use one CCE, and each RN has both DL grant and UL grant. Also R-PDCCH OFDM symbols occupy #3, #4, #5 and #6 OFDM symbol in the first slot for TDM+FDM, CRS overhead is taken into account to calculate the used RBs. Then for the same required CCE, there will be different RBs required for TDM+FDM and FDM, as shown in Table 2.

Table 2 CCEs and RBs required for TDM+FDM and FDM comparison
	Number of RN and Multiplexing Mode
	Required CCEs
	Used RBs

	One RN, TDM+FDM
	2(72REs)
	2RB(88REs)

	One RN, FDM
	2(72REs)
	1RB(116REs)

	Two RN, TDM+FDM
	4(144REs)
	4RB(156REs)

	Two RN, FDM
	4(144REs)
	2RB(232REs)

	Four RN, TDM+FDM
	8(288REs)
	7RB(308REs)

	Four RN, FDM
	8(288REs)
	3RB(348REs)

	Six RN, TDM+FDM
	12(432REs)
	10RB(440REs)

	Six RN, FDM
	12(432REs)
	4RB(464REs)

	Ten RN, TDM+FDM
	20(720REs)
	17RB(748REs)

	Ten RN, FDM
	20(720REs)
	7RB(812REs)
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