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1 Introduction
The multiplexing of R-PDCCH has been extensively discussed in the email reflector. In this document, we will compare the difference between TDM+FDM and FDM scheme, from the aspects of decoding delay, link-level performance and resource utilization.
2. Discussion

2.1 Decoding delay

In TDM+FDM, by having R-PDCCH in the first few OFDM symbols of a subframe, control channel decoding can begin (and likely finish) before the end of the subframe, whereas in FDM it must begin after the subframe is complete. Such latency advantage depends on the complexity of control decoding. It also depends on the extent to which the R-PDSCH processing can be accomplished before the end of the TTI. In the following, we will give some examples.
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Figure 1: In TDM+FDM，R-PDCCH is placed in the 3rd and 4th OFDM symbol
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Figure 2: In FDM, R-PDCCH is placed from 3rd to 12th OFDM symbol

Figure 1 is an example of TDM+FDM where the R-PDCCH spans the 3rd and 4th OFDM symbol and the R-PDSCH processing will begin as soon as the control channel decoding is complete, in which case 
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ms indicates the time needed for reception of the RS in order to decode the control channel and 
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ms indicates the time needed for processing R-PDCCH and t2 ms indicates the time need for processing R-PDSCH. So the decoding of R-PDSCH will start at 
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Figure 2 is an example of FDM where the R-PDCCH spans from 3rd to 12th OFDM symbol and the R-PDDCH processing can only begin at the end of the subframe. If R-PDCCH processing needs 
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It is found that a latency advantage of 
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ms can be achieved. That means the latency advantage depends on the number of OFDM symbols occupied by R-PDCCH and the difference of R-PDCCH processing time between TDM+FMD and pure FDM. For simplicity, we assume
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, and then the latency advantage is 
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ms which depends on the number of OFDM symbols occupied by R-PDCCH. Table 1 lists some values of the reduced latency in TDM+FDM compared to pure FDM. The largest is 9 OFDM symbols, and the smallest is 6 OFDM symbols. Also the early decoding of the control channel helps to reduce RN’s buffer size.
Table 1: Values of the latency reduction
	OFDM symbols occupied by R-PDCCH
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	OFDM symbol #3
	9*1/14

	OFDM symbol #3 and #4
	8*1/14

	OFDM symbol #3, #4 and #5
	7*1/14

	OFDM symbol #3, #4, #5 and #6
	6*1/14


2.2 Link-level performance

In this contribution, link level simulations are carried out to compare performance of TDM+FDM and FDM. Nevertheless, fast fading model for backhaul link level simulation has not been determined yet, and here we use ITU UMa channel parameters described in ITU-R M.2135. Channel scenarios including NLOS and LOS. In LOS scenario, the K-factor are set to be 10 dB according to TR 36.814.
In FDM, the R-PDCCH occupies 4 RBs over 11 OFDM symbols (assuming the number of available OFDM symbols in backhaul are 11). In TDM+FDM, the R-PDCCH occupies 10 RBs over 4 OFDM symbols (assuming the available OFDM symbols are the last four in the first slot). RBs used by R-PDCCH are uniformly distributed across the system bandwidth. In the above two schemes, the R-PDCCHs are interleaved together.

The simulation results for 1CCE with NLOS and LOS are shown in Figures 3~ 4, for 2 CCE with NLOS and LOS in Figures 5~ 6 respectively. 
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Figure 3: 1CCE for R-PDCCH with NLOS
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FDM: 4 RBs

FDM+TDM: 4 OFDMs, 10 RBs


Figure 4: 1 CCE for R-PDCCH with LOS
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FDM: 4 RBs
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Figure 5: 2 CCE for R-PDCCH with NLOS
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Figure 6: 2 CCE for R-PDCCH with LOS
Based on the above simulation results, it is seen that TDM+FDM scheme perform slightly better than FDM in NLOS scenarios. While for LOS, the two multiplexing schemes have almost the same performance. In fact, performance gains obtained by TDM+FDM come from the wider distribution of R-PDCCH in frequency domain compared with FDM. Nevertheless, considering the impact on scheduling flexibility of Macro UE caused by R-PDCCH transmission, distribution of R-PDCCH in frequency domain should be limited. The number of RBs used for R-PDCCH transmitting should be evaluated further, based on the RN deployment scenarios and the number of RNs in a macro cell. Detailed simulation parameters of R-PDCCH multiplexing schemes are listed in Table 3 in Annex.
2.3 Resource utilization

The above performance simulation assumes that the R-PDCCH is interleaved in FDM. In this section However, compare the resource utilization between TDM+FDM and FDM in the case that the R-PDCCH is not interleaved in FDM, i.e., one RB can only be occupied by one RN. We assume that the start point of R-PDCCH is 4th OFDM symbol with normal CP. In TDM+FDM, the R-PDCCH ends at the last OFDM symbol of the first slot in a subframe. In FDM, the R-PDCCH ends at the last OFDM symbol of the subframe. The control overhead is calculated assuming Transmission Format 2 without counting in the RS overhead. It is found in table 2 that the code rate of FDM is very low, due to the more than enough REs in FDM. In general, there is no need to transmit with such low code rate for backhaul link. 
Table 2: Comparison of TDM+FDM and FDM

	
	TDM+FDM
	FDM

	The number of available OFDM symbol for R-PDCCH
	4 symbols
	11 symbols

	The number of available RE in one RB
	12*4 = 48 REs
	12*11 = 132 REs

	Format 2 code rate
	1 RB corresponding to 0.73

2 RBs corresponding to 0.36
	1 RB corresponding to 0.27

2 RBs corresponding to 0.13


3 Conclusion

Based on the above analysis and performance results, we prefer that TDM+FDM for R-PDCCH multiplexing.
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Annex

Simulation parameters of R-PDCCH multiplexing schemes are listed in table.

Table 3: R-PDCCH simulation parameters

	Configurations
	Values

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10 (available RB num = 50)

	Frame structure
	LTE R8 FDD Normal CP

	Transmission Mode
	LTE transmit diversity (SFBC)

	Modulation scheme
	QPSK

	R-DCI payload
	40 bits (including 16 bits CRC)

	Channel coding and rate

matching
	Same as Rel-8 PDCCH

	R-PDCCH interleaver
	Rel-8 PDCCH interleaver

	RN deployment
	Fixed

	Propagation model
	ITU UMa NLOS for NLOS scenario, ITU UMa LOS for LOS scenario (revised K-factor = 10 dB according to 36.814), see [ITU-R M.2135].

	#Antenna
	2×2 (CRS port 0 &1)

	Antenna correlation
	Independent
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	# R-PDCCH usage resource
	4 RBs and 11 OFDMs (total backhaul available OFDMs) for FDM multiplexing; 10 RBs and 4 OFDMs (first slot) for TDM+FDM (Random complex Gaussian distributed values in all other symbols).

	R-PDCCH RB assignment
	Uniform distribution

	Channel estimation
	Ideal

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