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1. Introduction

Over the last several meetings, some consensus has been reached regarding relay backhaul design, for example the necessity of R-PCFICH and the frequency domain placement for R-PDCCH. Nevertheless, views on R-PDCCH design details are still quite divergent, such as R-PDCCH multiplexing scheme in backhaul (pure FDM vs. TDM+FDM), interleaving aspect of R-PDCCH, etc. In this contribution, link level simulations are provided to serve as a quantitative evidence for the discussion on the different choices of R-PDCCH multiplexing and interleaving. Simulations in this contribution are all based on the fast fading models for backhaul described in [1].

2. FDM vs. TDM+FDM
The pros of FDM for R-PDCCH include: slightly less impact on macro UE scheduling in donor cell and cleaner reference signal design. On the other hand, TDM+FDM gives RN more time for decoding (assuming RS of R-PDCCH spans within R-PDCCH region) and the processing time in backhaul would be more aligned with Rel-8, which helps to achieve the baseline minimum HARQ RTT of 8ms in backhaul uplink. Anyway, from decoding latency and data buffer point of view, TDM+FDM is preferable. Moreover, OFDM symbols remained in R-PDCCH RB pairs could be flexibly scheduled to RNs for shared channels (i.e. R-PDSCH) since RNs know the placement of R-PDCCH in frequency domain, and hence no resources will be wasted.

Simulations of these two multiplexing schemes are carried out. Resources assigned for R-PDCCH are uniformly distributed across the frequency, 4 RBs for FDM and 10 RBs for TDM+FDM. Interleaving is across all those RBs allocated for R-PDCCH. 
R-PDCCH spans the last 11 OFDM symbols in a subframe for FDM and the last 4 OFDM symbols in the first slot for TDM+FDM, as shown in Figure 1. Similar processing procedure is assumed for R-PDCCH decoding as for Rel-8 PDCCH. More detailed simulation assumptions can be found in Appendix 1. To get a feeling of flatness of the backhaul channel compared to direct link, we show some fast fading channel realizations in Appendix 2. Simulation results are shown in Figure 2. It is observed that while the frequency diversity gain of TDM+FDM is insignificant in LOS environment, TDM+FDM out-performs FDM by about 1 dB at BLER =0.1% in NLOS environment. 
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Figure 1：OFDM symbols used for R-PDCCH transmission: FDM vs. TDM+FDM
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Figure 2: Link level performance comparison between FDM and TDM+FDM multiplexing

Based on the discussion and simulation, we propose

Proposal 1: TDM+FDM should be adopted as R-PDCCH multiplexing scheme.

3. Interleaving vs. No Interleaving
Interleaving is an important technique to obtain the frequency diversity and interference randomization. Discussions about interleaving of R-PDCCH are rather divergent, e.g. whether interleaving should be supported, if supported how about the interleaving unit size (REG, CCE, etc.), and if supported how about the interleaving set size, i.e. whether all R-PDCCH resources in a subframe are interleaved together.

In Rel-8 specification, the interleaving unit of PDCCH is REG, and all PDCCH resources are interleaved together. Interleaving based on REG helps to distribute each DCI evenly across the entire bandwidth. Interleaving PDCCH resources all together makes the implementation simpler. For example, if R-PDCCH resources are semi-statically configured and broadcast to RNs, no additional signaling is required to indicate R-PDCCH resource allocation of each RN if all R-PDCCH resources are taken into interleaving.

Simulation results shown in Figure 3 are about the interleaving gains, based on TDM+FDM multiplexing. Each R-PDCCH is transmitted in one CCE and two distributed RBs are assigned for R-PDCCH when interleaving is enabled; when R-PDCCH is transmitted without interleaving, each CCE is mapped to one RB.
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Figure 3: Performance comparison of R-PDCCH interleaving

Noticeable frequency diversity gain is observed in NLOS scenario even when one R-PDCCH is distributed over only two RBs, compared with no interleaving across RBs, e.g., one CCE mapped to one RB.

Another related discussion is the smallest unit for interleaving. Besides REG-level interleaving, CCE-level interleaving [2] was also proposed. Simulations on CCE-level and REG-level interleaving are performed and results are shown in Figure 4. Here we assume TDM+FDM multiplexing and 10 distributed RBs are assigned for R-PDCCH. From the results it can be seen that except for CCE aggregation level of 4, REG-level interleaving outperforms CCE-level interleaving in both 1-CCE and 2-CCE aggregation level. Since the currently discussed application scenarios of type I Relay are focused on fixed deployment, 1-CCE or 2-CCE aggregation level may be enough for most R-PDCCH transmission occasions, and hence REG-level interleaving should be adopted from this perspective. In addition, REG-level interleaving is used for Rel-8 PDCCH.
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Figure 4：Performance comparison of interleaving unit size

Based on the discussions and simulations we have the following proposal:

Proposal 2: R-PDCCH interleaving should be supported and interleaving should be done at REG-level as in Rel-8
4. Localized vs. Distributed
Frequency domain placement of R-PDCCH can be localized, or distributed. Distributed placement improves frequency diversity in frequency selective channels, while localized placement without cross-RN interleaving may provide potential gain from frequency selective scheduling as some companies recommended [3]. In fact, if frequency diversity gains can’t be exploited (e.g. in frequency flatness channels such as LOS scenario), localized scheme could obtain channel estimation gains since it can be seen as RB bundling, especially when RS of R-PDCCH demodulation are sparse, e.g. transmitting CRS only in RBs assigned for R-PDCCH if current subframe is a MBSFN subframe. 

Simulation results of localized and distributed frequency domain placements are shown in Figure 5. Ideal channel estimation (CE) and TDM+FDM multiplexing are assumed. 5 RBs are assigned for R-PDCCH. It can be seen in NLOS scenarios that distributed placement shows significant gains over localized placement.
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Figure 5: Localized vs. Distributed with ideal channel estimation

Simulation results shown in Figure 6 are based on realistic channel estimation algorithm (2D-MMSE). CRS is used for channel estimation. More specifically: CRS in 5th and 8th OFDM symbols are used, and only CRS in R-PDCCH-carrying RBs are used; in distributed scheme, 2D-MMSE is done within a RB, while in localized scheme, 2D-MMSE is performed over the total RBs for R-PDCCH (5 RBs). Such simulation setup reflects one of the cases of RS transmission in MBSFN subframes. It is seen from Figure 6 that gains could still be obtained by distributed placement in NLOS scenario, while in LOS scenario the channel estimation (RB bundling) gains are dominant.
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Figure 6: Localized vs. Distributed with realistic channel estimation (2D MMSE)
Based on the simulations we propose:

Proposal 3: Both distributed and localized placement should be supported for R-PDCCH.

5. Summary
In this contribution, some link level simulation results of R-PDCCH were provided using the recently proposed fast fading model for relay backhaul link [1]. Simulations focused on the comparisons of FDM vs. FDM+TDM multiplexing, interleaving vs. non-interleaving, localized vs. distributed placement. Based on the analysis and simulation results, we proposed that:
Proposal 1: TDM+FDM should be adopted as R-PDCCH multiplexing scheme.

Proposal 2: R-PDCCH interleaving should be supported and interleaving should be done at REG-level as in Rel-8
Proposal 3: Both distributed and localized placement should be supported for R-PDCCH.
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Appendix
A.1. Simulation parameters
Simulation parameters of R-PDCCH are listed in table A.1.

Table A.1: R-PDCCH simulation parameters

	Configurations
	Values

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10 (number of available RBs = 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
	NLOS and LOS scenarios, detailed parameters are listed in R1-100559.

	#Antenna
	2×2 (CRS port 0 &1)

	Antenna correlation
	Independent
[image: image7.wmf](4)
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	# R-PDCCH usage resource
	4 RBs and 11 OFDMs for FDM multiplexing; 10/5 RBs and 4 OFDMs for TDM+FDM (Random complex Gaussian distributed values in all other symbols).

	R-PDCCH RB assignment
	Uniform distribution or random localized, depending on the simulation scenarios.

	Channel estimation
	Ideal and 2D-MMSE

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


A.2. Channel flatness comparison
In previous RAN1 #59bis meeting, backhaul fast fading model in Urban Scenario was proposed [1]. In this section we compare the backhaul model described in [1] with eNB-UE link UMa model described in ITU-R M.2135. Since Doppler speed is not specified in [1], there is no time-evolution for the channel coefficients. In each scenario (NLOS vs. LOS), we randomly generate 9 fast fading realizations and plot linear-scale RSRP as a function of PRB index. RSRPs in each figure are the averaged values over REs of CRS in each PRB. Figure A.1 is for backhaul NLOS scenario. Figure A.2 is for ITU UMa NLOS scenario. Figure A.3 is for backhaul LOS scenario. Figure A.4 is for ITU UMa LOS scenario. It is seen that in NLOS scenario the backhaul channel frequency response is a little smoother than ITU UMa channels.
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Figure A.1: RSRP vs. PRB index of backhaul channels in NLOS scenario
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Figure A.2: RSRP vs. PRB index of ITU UMa channels in NLOS scenario
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Figure A.3: RSRP vs. PRB index of backhaul channels in LOS scenario
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Figure A.4: RSRP vs. PRB index of ITU UMa channels in LOS scenario
PAGE  
2

_1326874296.vsd

_1326876302.vsd

_1326888864.vsd

_1327388224.vsd

_1326883745.vsd

_1326884027.vsd

_1326874614.vsd

_1326874932.vsd

_1326874944.vsd

_1326874956.vsd

_1326874626.vsd

_1326874604.vsd

_1326872541.vsd

_1326874269.vsd

_1326874284.vsd

_1326872554.vsd

_1326703479.vsd
�

Rel-8 CRS


R-PDCCH


R-PDCCH


FDM


TDM+FDM



_1326872504.vsd

_1322658566.unknown

