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1
Introduction

In RAN1#58bis, a few issues were identified for type 1 relay backhaul design, namely:

• R-PDCCH design

• Need for R-PHICH

• Need for R-PCFICH

• UL HARQ Transmission Timing

• DM RS for R-PDCCH

In this document, we will mainly focus on R-PDCCH design for relay backhaul link, as a continuation from [1]. Discussion on R-PHICH, R-PCFICH, UL HARQ transmission timing, and UE-RS for R-PDCCH can be found in [2], [3], [4], and [5], respectively. 
2
FDM vs. FDM+TDM based R-PDCCH
As discussed in [1], generally speaking, there are three types of R-PDCCH multiplexing schemes for relay backhaul link: FDM only, TDM only, or a combination of both (FDM+TDM). TDM only approach is not favourable due to its difficulty in multiplexing with legacy PDSCH transmissions and in reusing existing UE-RS patterns. As a result, herein we will focus on comparing FDM only scheme and FDM+TDM scheme. 

FDM is a RB-based scheme. When there are two or more RBs allocated, there RBs are distributed in frequency domain in order to obtain maximum frequency and interference diversity. R-PDCCHs are interleaved. Multiple relays can be scheduled in one RB. However, a given R-PDCCH is not interleaved over all RBs allocated to the R-PDCCH such that the R-PDCCH only spans a small maximum number of RBs.  This would provide reasonable trade-off between diversity and decoding complexity/delay.  Only rank 1 R-PDCCH transmission is envisioned.
We will now compare FDM only and FDM+TDM schemes from several aspects.
Multiplexing with PDSCHs and R-PDSCHs
FDM offers the maximum flexibility. The FDM+TDM case allows multiplexing with PDSCHs and R-PDSCHs. However, extra care has to be taken to ensure that all the RBs taken by R-PDCCHs are scheduled with R-PDSCHs as well. This would increase scheduling complexity. More importantly, since R-PDCCHs are also used for scheduling UL transmissions, R-PDSCHs are not available for multiplexing. Therefore, the remaining OFDM symbols of the R-PDCCH RBs are wasted. This wasted backhaul resource will become more pronounced for UL heavy traffic.
R-PDCCH Demodulation
The FDM approach can readily use the same UE-RS patterns designed for PDSCH for R-PDCCH demodulation. Closed-loop or open-loop beamforming can be applied. When the number of scheduled relays is less than of the number of UE-RS ports, beamforming gain can be achieved. 

For the FDM+TDM case, several R-PDCCH demodulation schemes can be expected:

· Option 1: CRS

· Option 2: UE-RS limited to the TDM/FDM control region

· Option 3: UE-RS spanning entire RB (no decoding latency benefit)

Option 1 is not a valid choice at least in MBSFN subframes due to the absence of CRS. Option 2 is highly undesirable as it requires re-redesign of UE-RS patterns for it to be tailored to the shortened number of OFDM symbols. Option 3 will not offer any benefit of decoding latency compared with the FDM case. In addition, it also has implications on how R-PDSCH is precoded and transmitted since UE-RS ports are now used for both R-PDCCH and R-PDSCH. When the R-PDSCH spans some RBs containing R-PDCCH and some RBs not containing R-PDCCH, different R-PDSCH precoding and transmissions (for instance, rank 1 transmission for R-PDCCH RBs, and a different rank on other RBs) may have to be used. While it is certainly feasible, this causes additional scheduling and decoding complexity. Note that one may argue that R-PDSCH may similarly rely on option 1 or option 2 as in the R-PDCCH case. However, the same restriction and complexity still apply.
R-PDCCH Decoding Latency

As discussed earlier, it seems the only feasible R-PDCCH demodulation scheme for FDM+TDM is option 3 listed above. With that, there is no difference between the two schemes in terms of R-PDCCH decoding latency.
Moreover, while micro-sleep is an important feature for UEs, its benefit for relaying nodes is questionable.

Resource Granularity 

The TDM+FDM approach is expected to bring finer granularity. However, compared with FDM, such granularity brings diminishing gain and hence may not be justified. Consider one example of a 10MHz system. In the normal CP case, the legacy TDM control consumes 7% of system resource for each OFDM control symbol. For the FDM based approach, the amount of R-PDCCH resources can be semi-statically configured on a per RB basis. This implies that a granularity of 2% (1 RB out of 50RBs) for every additional RB. Such granularity is expected to be sufficient. Note also that any unused R-PDCCH RBs can be easily re-used by R-PDSCH or PDSCHs. 
Frequency and Interference Diversity
The TDM+FDM approach offers higher frequency and interference diversity levels for the same overhead. Again, this only brings diminishing gain compared with the FDM only approach. This is particularly true when the number of R-PDCCH RBs for FDM is three or more. In the case of small number of RBs, power boosting can be applied to R-PDCCH. In the next section we show that desirable R-PDCCH performance can be achieved with reasonable power boost even with 1 RB R-PDCCH.
Power Control

FDM offers the maximum flexibility of power control. For the FDM+TDM case, the OFDM symbols for R-PDCCH and R-PDSCH for a given UE may have to use different downlink transmit power. This will cause additional complexity in downlink power management in a cell. 

Based on the above discussion, we recommend that:

· FDM multiplexing (i.e., the use of complete PRBs) for transmitting the R-PDCCH. 

3
Performance of FDM Based R-PDCCH
In this section we study the performance of FDM based R-PDDCH. The R-PDCCH uses the same coding scheme (TBCC) as in LTE Release 8. The R-PDDCCH REs are interleaved over one or more RBs to get frequency diversity. Channel estimation is based on UE-RS. In this simulation we assume the UE-RS pattern is identical to the agreed UE-RS pattern for normal CP DwPTS subframe with 11/12 symbols (shown in Fig. 1). Such a pattern can be used on MBSFN subframes / when Macro uses only two control symbols. We assume the relay PDCCH can include REs other than those on the last OFDM symbol.  We assume open loop beamforming as the transmission scheme employed for R-PDCCH. The simulation assumptions are provided in Table 1. 


[image: image1.emf]
Figure 1: UE-RS Pattern

Table 1: Simulation assumptions

	Transmission Bandwidth
	10 MHz

	Channel Model
	TU  3 Kmph

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Channel Type
	FDM - PDCCH

	Number of information bits
	40

	Transmission scheme
	OL BF with random precoding for each RB

	Receiver Type
	Linear MMSE

	Allocation Size 
	1 CCE / 2 CCE  interleaved over 1,2,3, 6 RBs for frequency diversity

	Number of Control Symbols
	3 

	CP Mode
	Normal CP, Normal Subframe

	Channel Estimation
	UE-RS based 2D MMSE with uniform delay spread of 5 us and uniform Doppler spread tuned to 10 Kmph. 

	Interference Estimation
	Perfect


In Fig. 2 and 3 we plot the FER for the considered R-PDCCH for different values of frequency diversity. 
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Figure 2: R-PDCCH 40 information bits over 1 CCE
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Figure 3: R-PDCCH 40 information bits over 2 CCEs

In Fig. 4 and Fig. 5 we plot the power overhead versus target error rate for R-PDCCH for 1 and 2 CCEs and for separate LOS/NLOS model. Similar plots are shown in Fig. 6 and Fig. 7 for all NLOS model. 

The relay geometry CDF used to obtain the power overhead is included in the Appendix. From these results we see that frequency diversity indeed helps, but the power overhead for the case of small number of relay nodes (which would be the case with lower diversity order) is already very small. As a result, the improvement in power overhead is not significant in the case of interest.
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Figure 4: Separate LOS/NLOS Model
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Figure 5: Separate LOS/NLOS Model
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Figure 6: All NLOS Model
[image: image7.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

10

-3

10

-2

10

-1

10

0

Power Overhead (%)

Target error rate

Power Overhead 10 Mhz 2CCE BW Overhead = 0.85714%

 

 

Freq Diversity 1

Freq Diversity 2

Freq Diversity 3

Freq Diversity 6


Figure 7: All NLOS Model

4
Conclusions
This contribution further provides our views on the means for multiplexing relaying backhaul control. Two schemes, namely FDM only and a mixture of FDM and TDM, are compared in terms of several aspects: 

· Multiplexing with PDSCHs and R-PDSCHs

· R-PDCCH demodulation

· R-PDCCH decoding latency

· Resource granularity

· Frequency and interference diversity

· Power control

Based on the comparison, we conclude that FDM multiplexing should be adopted for R-PDCCH.
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Appendix: Relay Backhaul Geometry CDF

The following relay backhaul geometry CDF is obtained by assuming that there are 10 relays uniformly distributed in each cell. The Separate LOS/NLOS model is the current pathloss model agreed for use in LTE-A evaluation methodology [6] while the All NLOS model is described in [7].
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Figure 8: Relay Geometry CDF







1/1

_1318676752.vsd

