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1
Introduction
At RAN 1 #58bis and RAN 1 #59, several issues related to the Type I relay backhaul design have been identified and can be categorized into the following topics: R-PDCCH multiplexing, need for R-PHICH, need for R-PCFICH, UL HARQ transmission timing, DMRS design for R-PDCCH. In the email discussions [1], it is observed that while consensus has been reached on some of the topics (e.g., need for R-PCFICH), views on most of the design issues are rather divergent. In this contribution, we focus on the multiplexing issues and the link-level performance of R-PDCCH transmissions subject to different degrees of frequency distribution and CCE sizes. The obtained simulation results are expected to provide insights which help to narrow down the possible design choices for Type I relay backhaul transmissions.
2
Discussions
2.1 R-PDCCH region size in time domain
For the issue of R-PDCCH region size in time domain, at least the following options are identified.

1. Hybrid (FDM+TDM) scheme. R-PDCCH is located only in a certain OFDM symbols.

2. FDM scheme. R-PDCCH spans whole data region (with the possible exception of relay tx/rx switching time).
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Fig. 1. R-PDCCH resource allocation for the hybrid (FDM+TDM) and FDM schemes. Note that it is possible for PDSCH of Rel-10 UEs to be scheduled in the same RB as R-PDCCH.
The option of TDM has been precluded as Rel-8 PDSCH can not be scheduled in the same backhaul subframes with R-PDCCH in the case of TDM. The options of hybrid (FDM+TDM) and FDM are both discussed and evaluated extensively in recent RAN1 meetings. Consensus has not been reached on this design issue, though it appears that more companies are in support of the hybrid multiplexing approach due to its lower decoding latency and higher frequency diversity. The primary disadvantage of the hybrid scheme is the increased signalling complexity. However, as noted in several contributions [2]-[5], placing R-PDCCH in a fixed fashion beginning from the first available OFDM symbol (excluding the part of Rel-8 PDCCH and relay switching time) to the last OFDM symbol within the first slot offers acceptable resource granularity and complexity tradeoff. This is depicted in Fig. 1, where the FDM scheme is also included for comparisons.
It is generally assumed that relays are stationary and well-deployed, and as a result the channel condition of the backhaul link is relatively good as compared to the case of Marco to UE links. In our opinion, in the current phase the possibilities of mobile relays can not be precluded as have also been noted by several companies. Frequency diversity is important when relay mobility is considered. As can be observed in Fig. 1, the hybrid scheme provides approximately two times the frequency diversity than that of FDM for a given amount of R-PDCCH traffic (assuming interleaving of R-PDCCH is supported). Compared with the FDM scheme, it is expected that the reliability of R-PDCCH transmissions can be largely improved using the hybrid scheme due to the doubled frequency diversity. 
In Fig. 2~5, we plot the BLER of backhaul R-PDCCH transmissions subject to different frequency diversities for i.i.d. and correlated SIMO (1x2), respectively. Lower antenna correlation is expected for relays as compared with that of UEs. The actual performance is thus believed to be closer to the i.i.d. case. The detailed simulation parameters are included in the appendix. It is observed that the BLER can be effectively reduced by allocating the R-PDCCH over multiple RBs, as one would have expected. In [6], the FDM approach is suggested and it is argued that power boosting can be applied to R-PDCCH in the case of FDM to compensate for the performance degradation due to the lower frequency diversity. However, performance improvement based solely on power boosting has not been justified for the case of mobile relay. More extensive simulation results are expected. 

Proposal 1: R-PDCCH and data are multiplexed using the hybrid (FDM+TDM) scheme.
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Fig. 2. TU NLOS 3 kmph, i.i.d. SIMO 1x2.                               Fig. 3. TU NLOS 30 kmph, i.i.d. SIMO 1x2. 
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Fig. 4. TU NLOS 3 kmph, correlated SIMO 1x2.                      Fig. 5. TU NLOS 30 kmph, correlated SIMO 1x2.
2.2 R-PDCCH placement in frequency domain
For the issue of R-PDCCH placement in the frequency domain, at least the following options are identified.

1. All R-PDCCHs are frequency distributed.

2. All R-PDCCHs are frequency localized.
3. Both frequency distributed and localized placements for R-PDCCH are supported.
As mention previously, it has been generally assumed that RN is stationary and thus the quality of the backhaul link is good and has a better probability of LOS. As a result, allocation of R-PDCCH should be frequency-localized to exploit frequency selective scheduling gain. However, when mobile relays are considered, distributed allocation of R-PDCCH is more appropriate as higher frequency diversity is desirable in this case.
Proposal 2: Both frequency distributed and localized placements for R-PDCCH are supported.
2.3 R-PDCCH interleaving
For the issue of R-PDCCH interleaving, at least four options are identified.

1. All R-PDCCHs in a subframe are interleaved together.

2. R-PDCCHs in a subframe are interleaved but not all PDCCHs together.
3. No interleaving.
4. Mix of 2 and 3 - both is supported.
It is clear that with full interleaving of R-PDCCH, frequency diversity can be further improved. In the case of hybrid multiplexing scheme with full R-PDCCH interleaving, one R-PDCCH can be potentially distributed over several RBs, which greatly improves the transmission reliability as can be observed in Fig. 2~5. However, the decision on R-PDCCH interleaving is complicated by the fact that the choice of interleaving has an implication on both the relay search space design and the RS design for R-PDCCH. The options of full R-PDCCH interleaving and no interleaving are suited for supporting RN-common search space and RN-specific search space, respectively. Also, for the case of interleaved R-PDCCH, Rel-8 CRS should be considered for demodulation purpose instead of Rel-10 DMRS [7]. 
It is clear that when mobile relays are considered, full interleaving of R-PDCCH to exploit frequency diversity is preferred. On the other hand, interleaving of R-PDCCH has an impact on the decoding complexity of R-PDCCH, which is generally though to be less of an issue for stationary relays. As mobile relays are expected to be battery-powered, high decoding complexity might not be desirable.
Proposal 3: Interleaving of R-PDCCH is the baseline. The degree of interleaving is FFS.
3
Conclusions 
In this contribution, we have discussed some of the issues related to Type I relay backhaul design. Based on the discussions and the simulation results obtained, we propose that
· R-PDCCH and data are multiplexed using the hybrid (FDM+TDM) scheme.
· Both frequency distributed and localized placements for R-PDCCH are supported.
· Interleaving of R-PDCCH is the baseline. The degree of interleaving is FFS.
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Appendix: Simulation assumptions
As shown in Fig. 6, we assume Rel-8 PDCCH occupies the 1st and 2nd OFDM symbols in each subframe; the 3rd and the last symbols are reserved for the tx/rx switching time of the relay. This gives a total number of 4 and 10 available OFDM symbols for R-PDCCH transmissions for the hybrid (FDM+TDM) and FDM schemes respectively.
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Fig. 6. Backhaul DL subframe configuration.
The length of one R-PDCCH is expected to be similar to that of Rel-8 PDCCH and is within the range of 40~60 bits. In our simulation, one R-PDCCH is assumed to consist of 40 bits (including 16-bit CRC). The coding and modulation scheme for R-PDCCH transmission is assumed to be identical to that of PDCCH in Rel-8. Rate 1/3 TBCC with circular buffer rate matching and QPSK is used. The antennas are configured as 1x2 SIMO. In TR 36.814 [8], it was captured that the backhaul channel model for the SIMO mode should be based on TU link curves. The fast fading model for the MIMO mode is still FFS. To account for the channel conditions of mobile relays, the TU channel model with 3-kmph and 30-kmph mobile speed are both considered.

Due to the fact that RAN1 has not decided on the RS format used for R-PDCCH demodulation, and different RS designs impact the performance of R-PDCCH transmissions in different ways, we assume perfect channel estimation so as to conduct an independent study of the link-level performance of different transmission schemes for R-PDCCH. The simulation parameters are summarized in Table I.
Table I: Simulation Parameters
	Carrier Frequency
	2.0 GHz

	Transmission Bandwidth
	10 MHz

	FFT Size
	1024

	Cyclic Prefix Length
	Normal

	Size of R-PDCCH
	40 bits

	Size of Rel-8 PDCCH
	2 OFDM symbols in each subframe

	Relay Tx/Rx Switch Time
	1 OFDM symbol

	Channel Model
	TU  3 kmph and 30 kmph

	Transmission Scheme
	1x2 SIMO

	Receiver Type
	MMSE

	Channel Estimation
	Perfect

	Interference Estimation
	Perfect
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