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1 Introduction
At the RAN 1 #57 and #57bis, the following was decided for the backhaul link: 
· A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.

· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 

· Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH
In this contribution, several key issues in relay DL backhauling design are discussed. For the R-PDCCH design, each scheme (FDM, TDM, FDM+TDM) is analyzed, both from a capacity and a frequency selectivity view. In conclusion, FDM and FDM+TDM seem to be the most promising option.
2 DL backhaul design

Beginning time domain position of backhaul resource 

Different PDCCH durations exists in donor eNB and RN for eNB-UE and RN-UE link in the backhaul subframe, which will influence eNB transmitting or RN receiving backhaul resource. For higher backhaul resource utilization, RN MBSFN PDCCH duration (1 or 2) can be semi-statically fixed, and RN reporting MBSFN subframe PDCCH duration to donor eNB is preferred. After acquiring the PDCCH size of RN, the donor eNB could decide the start of the OFDM symbol of the R-PDSCH backhaul transmission based on its own PDCCH size. 
Guard period for RN switching time

When RN changes from RN-UE link to backhaul link or vice versa, a guard period is needed for RN to fulfill transmission to receiving switching which could less than 20us. The guard period overhead should be as small as possible. In FDD, access link timing shifting corresponding to initial timing with donor eNB is possible to reduce the guard period overhead. The access link timing shifting will also improve the available backhaul resource and influence the beginning and ending position of backhaul resource as shown in figure1.
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Figure 1 RN access link timing shifting for improving available backhaul resource
Multiplexing of UE_eNB and RN

In order to enable UE_eNB sharing resource with relay in the backhaul subframe, FDM between Rel-8 UE & relay should be allowed in the backhaul subframe.

R-PDCCH and R-PDSCH Structure
· Whether TDM, FDM or FDM+TDM between R-PDCCH and R-PDSCH?

To transmit R-PDCCH, a fraction of the resources that would normally be assigned to the PDSCH is carved out. This R-PDCCH zone is defined by two parameters p1 and p2, as shown in Figure 2. In addition, the starting point for the R-PDCCH must be known and could be signalled by higher layer signalling.
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Figure 2. Subframe with grouped R-PDCCH.
There are at least four possibilities for the parameters p1 and p2:

· p1 and p2 can be semi-statically determined 
· p1 can be dynamically assigned and p2 can be semi-statically determined 
· p2 can be dynamically assigned and p1 can be semi-statically determined 
· p1 and p2 can be both dynamically assigned.

Besides the preceding possibilities, to pre-define p1 or p2 in specification is also feasible option which reduces overhead. Each solution has its pros and cons: for instance, the first described solution requires no overhead but is not flexible. This can lead to inefficiencies in the resource usage, especially when the relays are lightly loaded. The last solution requires a little overhead but is fully flexible and enables an optimal use of the scarce time-frequency resources. Our preference is to have p1 semi-statically assigned, e.g., by RRC to reduce the overhead.
On the eNB-RN backhaul dedicated resources, TDM means that the control signalling R-PDCCH is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul. TDM+FDM between R-PDCCH&R-PDSCH can be seen a special case of TDM. FDM means the control signalling spans the OFDM symbols including the full set of OFDM symbols available for the backhaul link.
The R-PDCCH should be configured by the donor eNB. In the time domain, the R-PDCCH can be specification based. Frequency domain of R-PDCCH can be semi-statically configured e.g. by RRC signalling. The R-PDCCH is used to dynamically assign the R-PDSCH. As RNs share the backhaul subframes with the UE_eNB, the dynamic allocation of R-PDSCH by R-PDCCH helps in having a flexible resource allocation mechanism. Some simulations in the Annex show that the SINR fluctuation in FDM+TDM method is larger than that of FDM method. Thus FDM method may has better performance than FDM+TDM method on detection error probability reduction.
· The starting position of R-PDSCH
Different RN can have different access link MBSFN subframe unicast OFDM symbols. Then different RN’s R-PDSCH can have different starting time for possible different RN receiving backhaul time. Each RN can rate-match its R-PDSCH around R-PDCCH.

R-PDCCH Resource Indication

The PRBs assigned for R-PDCCH are semi-statically configured. The start OFDM symbol will be fixed to assure all RNs can receive it. Within the PRBs semi-statically assigned for R-PDCCH transmission, the number of PRBs can be dynamically assigned, based on the number of RNs and backhaul link quality.

In this way, both PDSCH and R-PDSCH keep their scheduling flexibility and there is no resource waste. 

3 Frequency-Selectivity Analysis of Backhaul Channel
While a rel-8 like PDCCH design can be considered for R-PDCCH and R-PDSCH, it is useful to re-investigate the frequency selectivity of the backhaul channel as the eNB to relay link has different characteristics than the eNB to UE link. For example, the relay has a higher antenna height, fixed deployment (only for fixed RN), and gain from site planning. Further, for both R-PSCCH and R-PDSCH the number of RN within one cell may affect the design. In the following analysis fixed RN are considered.
The height of RN antenna is 5 meters, quite higher than the height of UE antenna of 1.5 meters. This significantly reduces the path loss between eNB and RNs, and leads to a higher LOS probability. With the evaluation parameters given in [2], we can see that the geometry difference is about 10 dB.
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Figure 3. Geometry comparison

RNs probably will have directional receive antennas in order to increase the antenna gain. Furthermore, this flattens the channel. With the evaluation parameters given in [2], the following figure shows 10 random examples for the channel response amplitude vs. PRB index when consider fixed relay deployment. From the figure, we can see that backhaul channels have higher channel power and are more flat than eNB-UE channel. 
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Figure 4. Frequency-selectivity of backhaul link

Based on the above analysis, if LTE Rel-8 design is reused for R-PDCCH, the frequency-diversity gain for R-PDCCH will not be very important, especially for fixed relays. Frequency scheduling gain can be exploited. Two solutions are possible to exploit this frequency gain:
· Use a FDM multiplexing for R-PDCCH and R-PDSCH. This has the merit of keeping the simplicity of Rel. 8 design

· Use a FDM+TDM multiplexing. While slightly more complicated, this solution offers more flexibility and can be particularly useful when very few relays are scheduled.

4 Conclusions

In this contribution, several further aspects on DL&UL backhaul design that should be considered in the SI&WI phases are discussed. Furthermore, a frequency-selectivity analysis of the backhaul channel is provided. 

Based on the above analysis, the following conclusions can be drawn:
· For fixed Relay, frequency-diversity gain may be not very significant for backhaul link

· FDM based R-PDCCH and R-PDSCH multiplexing can keep the R8/9 UEs’ scheduling flexibility. However, FDM+TDM should be considered as well because it presents some key advantages such as interference diversity.
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Annex: Analysis in Terms of Power Allocation
In the following analysis, no RS power allocation is assumed for the sake of simplicity.  An analysis based on power allocation is performed.
FDM

In FDM scheme, the power of R8 PDSCH in one symbol is
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 Where


[image: image15.wmf]pdsch

r

P

8

: The power of R8 UE PDSCH in one symbol


[image: image16.wmf]pdcch

R

P

-

: The power of R-PDCCH in one symbol

[image: image17.wmf]total

P

 : The total power of one symbol in all BW

[image: image18.wmf]BW

N

: The number of subcarrier in all BW


[image: image19.wmf]pdcch

R

N

-

 : The number of subcarrier in R-PDCCH


[image: image20.wmf]D

: The offset of 
[image: image21.wmf]pdcch

R

P

-

and
[image: image22.wmf]pdsch

r

P

8

 
FDM+TDM 
In this case, the power allocation to the R8 UE PDSCH during T1 is presented in (2).
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(2)
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The power allocation to the R8 UE PDSCH during T2 in each OFDM symbol is given by (3). 
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(3) 


[image: image27.wmf]2

_

8

T

pdsch

r

P

: The power of R8 UE PDSCH in one symbol in T2
The derivation of formula (2) is similar than for formula (1) .

SINR difference is defined as the difference of average data SINR between last eight OFDM 

symbols and that of first three OFDM symbols, i.e.

SINR difference = average data SINR of last eight OFDM symbols - average data SINR

 of  first three OFDM symbols
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(a) FDM +TDM 






                               (b) FDM

Figure 5 SINR difference in Mixed FDM/TDM and FDM schemes
From (a) and (b) in Fig.5, it can be seen that the SINR fluctuation in FDM+TDM scheme is larger than that of FDM scheme. Thus FDM scheme has better performance than FDM+TDM scheme on detection error probability reduction.
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