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1 Introduction

At the RAN1 57bis meeting, downlink backhaul resource assignment was agreed [1]:

· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching.
However, in the DL whether or how to make the adjustment to allow for RN transmit/receive switching is still not identified. Another issue is that different PDCCH duration (1, 2, 3, 4) of both donor eNB and different backhaul MBSFN PDCCH duration (1, 2) of RN exist, which will influence the time aligning of the backhaul resource transmitted by the donor eNB and received by the RN. 
It is shown in this contribution that  DL access link timing delay, adapting to the PDCCH of both donor eNB and RN, the available backhaul resources can be improved. With delaying the access link timing of the RN, the negative factors for the backhaul resource availability are concentrated in the beginning of the subframe which, for large number of cases, is not available as backhaul resource because the eNB is transmitting its PDCCH. This then maximizes the backhaul resources. 

2 Problem description
Generally, the RN can initially access donor eNB like a UE, making DL synchronization, BCH decoding, UL synchronization etc. After DL synchronization, the RN gets its initial DL timing with the donor eNB as shown in the middle subframe of Figure1 (For simplicity, the propagation time is not drawn here and after). After the RN acquires the necessary information from the donor eNB, the RN can transit from “UE” to RN. In general, the RN communicates with the donor eNB and the UE_RN (UE served by the RN) at different times on the same frequency band. When the RN transits from the RN-UE link to the backhaul link or vice versa, a GP (guard period) is required for the state transition which can be tens of microseconds. 
In Rel-8, the PDCCH duration of the donor eNB can vary dynamically in every subframe. If the PDCCH duration of the donor eNB is fixed [4], the control/data resource of both the UE_eNB and the RN are possibly constrained. Denote the value of the fixed PDCCH duration as x and the actually required value as y. When x>y, there will be wasted control resource of the UE_eNB and reduced resource for the backhaul and macro PDSCH. When x<y, the control resource will be limited, the scheduled UE_eNB is constrained, and the control channel performance may also be degraded. 
As for the PDCCH duration of MBSFN subframe, it can also be variable depending on the system bandwidth, number of cell specific antenna ports, PHICH duration. In this case, the same problems exist.   Figure 1 exemplifies the x>y case for the RN PDCCH. 
In Figure1, no timing shift is applied to the RN access link and it keeps its initial timing with the donor eNB. From the figure, there are two PDCCH OFDM symbols for the UE_eNB, one OFDM symbol for the RN MBSFN PDCCH, two GPs in the backhaul subframe and both totally within the range of donor eNB backhaul subframe. Since the donor eNB always assumes that the backhaul MBSFN PDCCH duration of the RN is two OFDM symbols, although actually it is one, the donor eNB will assume that the GP for RN transmit/receive switching is in the 3rd OFDM symbol. It should be noted that the GP duration is shown in the figure as 0.5 OFDM symbols for illustrative purposes only. Thus the 3rd OFDM symbol following donor eNB PDCCH will not be allocated to the backhaul link, which results in the reduced available backhaul resource. As can be seen from the figure, the available integrated OFDM symbols for the backhaul link are 10 (14-1-3). As each GP occupies a large part of an OFDM symbol, there will be severe performance degradation if the RN decodes such OFDM symbols. Thus two OFDM symbols overhead should be counted when donor eNB makes backhaul resource scheduling. Then deducting the last OFDM symbol and the three front OFDM symbols from 14 OFDM symbols of donor eNB backhaul subframe, there are 10 integrated OFDM symbols available for backhauling. 

So without access link timing shift and the donor eNB being unaware of the actual PDCCH duration, there are wasted resources and limited available backhaul resources.
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Figure 1 Fixed RN PDCCH with two OFDM symbols, no RN access link timing shifting
3 Available DL backhaul resource improvement
In this section, several techniques that can be used to minimize the GP overhead are introduced. We begin with a discussion on the GP overhead if the donor eNB is made aware of the actual PDCCH duration. We then go on to discuss how RN time shifting together with adapting to the PDCCH duration of both donor eNB and RN can further improve the available backhaul resource. For simplicity, the shifting value can be half an OFDM symbol. We will see from the discussion that the shifting also influences the beginning and ending positions of the backhaul resource in the backhaul subframe. 
3.1 Donor eNB being aware of the actual PDCCH duration
Different PDCCH duration (1, 2, 3, 4) exists in the donor eNB and RN (1, 2) for eNB-UE and RN-UE link in the backhaul subframe, which will influence the time of eNB transmitting or RN receiving backhaul resource.  The unmatched fixed PDCCH duration (both eNB and RN in the backhaul subframe) with the actual required PDCCH duration can cause control/data resource wasting, performance degradation, scheduling constraint etc. as discussed in section 2. In Rel-8 defined MBSFN subframe, when cell specific RS antenna port is 4 or system BW is less than 10 RB or PHICH is configured as extended mode by higher signalling, there are always 2 PDCCH OFDM symbols. In the other cases, there are possibly one or two OFDM symbols. When the MBSFN subfame is used as backhaul transmission, there will be no DL scheduling grant for UE_RN. The PHICH and UL grant are also possibly limited or may even vanish since the corresponding HARQ related UL subframe are also possible for UL backhaul transmission. In this case one PDCCH OFDM symbol is also possible. For higher backhaul resource utilization efficiency, the RN MBSFN PDCCH duration (1 or 2) can be semi-statically fixed, and RN reporting MBSFN subframe PDCCH duration to donor eNB is preferred. Then the donor eNB configures the backhaul resource to RN according to donor eNB variable PDCCH duration and the reported RN MBSFN PDCCH duration. The above signalling can help the donor eNB to make backhaul resource scheduling that adapts to the PDCCH duration of both eNB and RN, and to align eNB transmitting and RN receiving backhaul resource time with improved backhaul resource. 
An example is shown in figure2, where no timing shift is applied to the RN access link and it keeps with its initial timing with donor eNB. In this example, there are two PDCCH OFDM symbols for UE_eNB, one OFDM symbol for RN MBSFN PDCCH, two GPs in the backhaul subframe and both totally within the range of donor eNB backhaul subframe. With awareness of the PDCCH duration of both donor eNB and RN, the integrated OFDM symbols used for the backhaul link are 11 (14-1-2) in this exemplified figure. 

It now becomes clear that with awareness of the PDCCH duration of both donor eNB and RN, the wasted resources are less than the case in shown in Figure 1.
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Figure 2 Guard period in two OFDM symbols without RN access link timing shifting
In the following two schemes on access link timing shifting, it is assumed that donor eNB is aware of PDCCH duration of both eNB and RN in the backhaul subframe.
3.2 RN access link timing delay 
In this scheme, the RN access link makes a timing delay relative to its initial timing with donor eNB, and the backhaul link still keeps its timing with donor eNB. With delaying the access link timing of RN, the negative factors for the backhaul resource availability including “RN transmit/receive switching, variable PDCCH duration of eNB and RN in the backhaul subframe” are concentrated in the front part of the backhaul subframe (the second transmit/receive switching is shifted out of backhaul range) which, for large number of cases, is not available as backhaul resource because the eNB is transmitting its PDCCH. This then maximizes the backhaul resources. Thus the donor eNB can make backhaul scheduling together with known PDCCH duration of both donor eNB and RN, and the access link timing delay to achieve the improved available backhaul resource.
This is illustrated in Figure3, where there are two PDCCH OFDM symbols for UE_eNB, one OFDM symbol for RN MBSFN PDCCH, two GPs in the backhaul subframe and only one within the range of donor eNB backhaul subframe. In this case, only the 1st two PDCCH OFDM symbols in the donor eNB backhaul subframe cannot be used as backhaul. The integrated OFDM symbol number used for the backhaul link is 12 (14-0-2) in this exemplified figure. 
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Figure 3 RN access link timing delay 
4 Available backhaul resource comparison of different schemes
The available backhaul resource is compared under different assumptions are shown in this section:
4.1 Without reporting of the MBSFN PDCCH duration 
In this scheme there is neither RN access link timing shifting nor RN MBSFN PDCCH duration reporting to donor eNB. Consequently, the donor eNB always assumes the maximum PDCCH duration of RN MBSFN backhaul subframe regardless of the actual value. With different PDCCH duration assumption of donor eNB and RN backhaul MBSFN subframe, the available backhaul resource can be calculated according to table 1:  
In the table, (R1, C2) to (R1, C5) denote the time that the donor eNB is ready to start sending backhaul resource, which depend on the macro PDCCH duration. (R2, C1) to (R3, C1) denote: the time the RN is ready to receive backhaul resource from the donor eNB, and the eNB assumed the time RN ready to receive. It should be noted that they can be different, and the donor eNB should utilize “the eNB assumed RN ready to receive backhaul time” as a reference when making backhaul scheduling. The time the RN is ready to receive backhaul depends on RN MBSFN PDCCH duration and the GP for RN transmit/receive switching. Here the time the eNB assumes the RN is ready to receive backhaul is the OFDM symbol after the assumed maximum 2 OFDM symbols plus GP. The available backhaul OFDM symbols are calculated according to x-x1-x2=y. x is the total OFDM symbols in one subframe, e.g. x=14 for normal CP. x1 is the overhead OFDM symbol at the end of backhaul subframe, in this table it is the OFDM symbol for the second GP. x2 is the overhead OFDM symbol in the front of backhaul subframe, in this table it is the maximum value between “the time eNB ready to send” and “the time eNB assumed RN ready to receive”.
Take (R2, C3) as an example; which also corresponds to Figure 1. As discussed in Section 2, the available backhaul OFDM symbols y=14-1-3=10. 
In this scheme, even when there is only 1 OFDM symbol used for the PDCCH of the UE_RN, the eNB still assumes two OFDM symbols are used. Then the resulting available backhaul subframes are  the same for actual one or two RN MBSFN PDCCH symbols case. Thus without the RN PDCCH duration information and RN access link timing shift, the available backhaul resource is limited.
Table 1 Available backhaul resource under “maximum RN MBSFN PDCCH duration assumption in donor eNB without access link timing shifting”
[image: image4.png]C1 C2
(R2, C2) to (R3, C5) is the calculation of the available N ready to send
backhaul OFDM symbols: x-x1-x2=y. backhaul resource fiom
R OFDM 1 (0 for PDCCH)
RN ready to receive from OFDM symbol 2 (0 for PDCCH, 1
R2_for GF), eNB assume RN ready to receive from OFDM 3 14-1-3=10

RN ready to receive fram OFDM symbal3 (0,1 for PDCCH,
R3 2 for GP), eNB assume RN ready to receive from OFDM 3 14-1-3=10

C3
€N ready to send
backhaul resource from
OFDM 2 (0,1 for PDCCH)

1413210

14-1

c4 C5
€N ready to send &N ready to send backhaul
backhaul resource from  resource from OFDM 4
OFDM 3 (0,12 for PDCCH) (0,123 for PDCCH)

1413210 X

14-1-3=10 14-





4.2 Reporting RN MBSFN PDCCH duration, indicating R-PDSCH Starting Position
As discussed above, there are wasted resources when donor eNB always assume the maximum PDCCH duration for the RN’s backhaul MBSFN PDCCH. In table 2, through RN reporting the semi-statically configured MBSFN PDCCH duration in the backhaul subframe, the available backhaul symbols can be increased as shown in the yellow colour. It should be noted that the case of (R2,C3) is illustrated in Figure 2 and the detailed discussion is illustrative of how the values of the table are calculated.
From the table it can be seen that the different donor eNB PDCCH duration will cause different available backhaul resource, e.g. (R2, C2) and (R2, C3) are larger than (R2, C4), (R3, C4) larger than (R3, C5). Furthermore, as the RN ready to receive backhaul time is possibly not equal to the eNB actual sending backhaul time which depends on the PDCCH of both eNB and RN. It should be possible for eNB to indicate the starting time of the actual backhaul resource (here mainly for the R-PDSCH) transmission by signalling e.g. PCFICH like R-PDCCH/R-PCFICH to RN. 
It can thus be concluded that the RN should semi-statically report PDCCH duration of backhaul MBSFN subframe to donor eNB. Moreover, the donor eNB should indicate the starting time of backhaul resource e.g. R-PDSCH transmission by certain signalling e.g. PCFICH like R-PDCCH/R-PCFICH to RN [3].  
Table 2 Available backhaul resource when “No RN access link timing shifting relative to its initial timing with donor eNB”
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In table 3, when RN access link makes timing delay corresponding to RN’s initial timing with donor eNB, the available backhaul resource can be further improved (10%~20% gains) compared with table 2&3. Note that the case (R2, C3) is illustrated in Figure 3. 

Other observations from table 3 include: 

Reporting RN MBSFN PDCCH duration compared with fixed RN MBSFN PDCCH as 2: 

· One more OFDM symbol can be saved for the backhaul link corresponding to 9% gains {(R2, C2) versus (R3, C2); (R2, C3) versus (R3, C3)}.
Dynamically indicating R-PDSCH starting position compared with fixed R-PDSCH starting position:

· One more OFDM symbol can be saved for the backhaul link corresponding to about 10% gains {(R2, C2) or (R2, C3) versus (R2, C4); (R3, C3) or (R3, C4) versus (R3, C5)}.
Considering backhaul link is current bottleneck for the relay performance, such reporting and indicating are desirable. 
Table 3 Available backhaul resource when “RN access link timing delay relative to its initial timing with donor eNB”
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Based on the comparison among table1, 2 and 3, table 3 can get the most available backhaul resources. Thus the access link should delay its timing relative to the RN frame’s initial timing with the donor eNB. The RN should semi-statically report the PDCCH duration of the backhaul MBSFN subframe to the donor eNB. The donor eNB can configure the backhaul resource to the RN according to the donor eNB PDCCH duration, the RN MBSFN PDCCH duration and the access link timing shift. Furthermore, the donor eNB can indicate the starting time of the R-PDSCH by signalling e.g. PCFICH like R-PDCCH/R-PCFICH to RN.
5 Conclusion

In this contribution, improved available backhaul resource methods are discussed. We propose:

· The access link of the RN should delay its timing relative to its initial frame timing with the donor eNB.
· The RN should semi-statically report the PDCCH duration of backhaul MBSFN subframe to the donor eNB. 
· The donor eNB assigns the backhaul resource to each RN according to the PDCCH duration of the donor eNB, the PDCCH duration of the backhaul MBSFN subframe of each RN and the access link timing shift of each RN. 
· The donor eNB can indicate the starting time of the R-PDSCH by certain signalling e.g. PCFICH like R-PDCCH/R-PCFICH to RN.
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Appendix
In this Appendix, let us consider the case of RN timing advance. In this scheme, the RN access link makes a timing advance relative to its initial timing with the donor eNB, and the backhaul link still keeps its timing with the donor eNB. In Figure 4, there are two PDCCH OFDM symbols for the UE_eNB, one OFDM symbol for the RN MBSFN PDCCH, two GPs in the backhaul subframe and both within the range of the donor eNB backhaul subframe. As the donor eNB can only send backhaul resource after its two PDCCH OFDM symbols, there is an additional one OFDM symbol guard/idle period after the RN PDCCH and the 1st GP in the RN subframe. So in the backhaul subframe, both the two PDCCH OFDM symbols in the front and the last OFDM symbol in the donor eNB backhaul subframe can not be used as backhaul. The integrated OFDM symbol number used for the backhaul link is 11 (14-1-2) in this exemplified figure.
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Figure 4 
RN access link timing advance 
In table 4, when  the RN access link advances their timing corresponding to the RN’s initial timing with the donor eNB, the available backhaul resources can be improved compared with table 2, however still less than table 3. Note that (R2, C3) is the case illustrated by figure 4. 

Table 4 Available backhaul resource when “RN access link timing advance relative to its initial timing with donor eNB”
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