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1
Introduction
Relaying has been examined as one of the technologies in the LTE-Advanced study item to enhance coverage and capacity. It is necessary that relays can support legacy R8 UEs to provide backward compatibility with coverage extension [1][2]. Implementation options considered in [3] outline the use of MBSFN subframes for backhaul link to ensure backward compatibility with R8 UEs and RAN#42 decided to use this mechanism [6]. Further contributions on applicability aspects of this mechanism to FDD were considered in [4] and [5]. 
This contribution aims to further discuss the frame structure with TDD configuration pairing for TDD relay backhauling and further highlights some important interference aspects [7], [8]. All the design options fall into the scope of agreed way forward [9]. 
2
Discussion
TDD relays need to support UL and DL transmission to/from both the donor eNB and the subordinate UE. This forms 4 links, or a quadruplex relay frame structure. In the TDD relay, a set of UL and DL subframes need to be reserved for backhaul links RN-eNB and eNB-RN respectively; likewise, a set of UL and DL subframes is reserved for relay access links UE-RN and RN-UE respectively. For backward compatibility with R8 UEs, MBSFN subframe could be configured on the relay access links when there is ongoing communication on relay backhaul link [3]. 

2.1
Background
One may think that for TDD relay to use the same TDD UL-DL configuration between eNB-RN link and RN-UE link, i.e. downlink subframe(s) at RN may be configured as MBSFN subframe when RN receives from donor eNB and UL subframe(s) at RN are nulled when RN transmits to the donor eNB (RN is not allowed to be in Tx and Rx mode at the same time). However, such nulling of UL subframes at the RN may lead to the following negative impacts:

1) DL performance loss as nulling of UL subframe at the RN cell may imply corresponding blanking of multiple DL subframes to prevent HARQ feedback from RN connected UE in this UL subframe at RN 
2) Difficult to be used for some TDD configurations (i.e. configuration-6) without changing HARQ timing while maintaining R8 backward compatibility. 
3) TDD configuration 0 and configuration 5 are not applicable to, or hardly to be used for,  TDD relay also because sub-frame #0, #1, #5 and #6 can not be used to MBSFN due to P-BCH, P-SCH and S-SCH for configuration-0, and the only UL sub-frame #2 is difficult to be nulled for configuration-5.
Above baseline solution would require standardization for new design of DL and UL control and data transmission in backhaul link.  
In [7], TDD configuration pairing in which different TDD configurations between backhaul link (eNB-RN) and RN access link (RN-UE link) were proposed. In this relaying solution, only MBSFN subframes needs to be configured for RN access link when RN is communicating with its donor eNB (both eNB-RN and RN-eNB link), hence HARQ benefits can be maintained by not requiring nulling UL sub-frames on UE-RN access link. This solution is backward compatible with R8 terminal implementation and avoids the main problems highlighted above in 1) and 2). Since the downlink signaling (e.g. PHICH and PDCCH) is always transmitted in every DL subframe including the MBSFN subframe, the HARQ operation for both UL and DL of the RN-attached UEs are not affected. The possible drawback for such scheme not covered in [7] is that possibly there is some interference between uplink transmission of donor cell and MBSFN downlink transmission of relay cell. The interference scenarios in TDD configuration pairing are treated in the next section. On the other hand, it is worth being noted that for such configuration pairing proposal, the UL/DL configuration at the existing eNB is not required to be changed, only a suitable UL/DL configuration is selected and configured for RN. Therefore, there is no new interference issue at eNB layer as compared to without relay configured situation. 
This TDD configuration pairing solution would also require standardization for new design of DL and UL control and data transmission in backhaul link as above, given that the new design for RN->eNB access link needs to be studied considering that first two symbols of MBSFN subframe are used for RN->UE transmission hence the actual RN->eNB transmission starts after that taking propagation time into account.   

2.2
Interference on the DL backhaul link

The interference on the DL backhaul link can take two forms:  

· The RN transmits to RN-attached R-UE on first two symbols used for the control signaling in the MBSFN subframe configured at the RN for the DL backhaul link. This creates interference to the Macro cell at the eNB-attached M-UE receiver in the first two symbols of the corresponding DL subframe.

· Likewise, the eNB transmits to eNB-attached M-UE in the “D” subframe configured in the macro cell DL. This creates interference to the RN-attached R-UE receiver in the first two symbols of the corresponding “M” subframe.  

These interferences on the DL backhaul link can be seen as conventional interference experienced by the UE from neighboring cell transmission if the relay is seen as a normal eNB by the UEs. No relay-specific solution seems needed for this kind of interference. 

2.3
Interference on the UL backhaul link
There are two types of interference on the UL backhaul link in TDD configuration pairing as illustrated in Figure 1:

· In Type I interference “M”->”U”, the RN UL backhaul interferes with the macro cell UL. The RN transmits to RN-attached R-UE on first two symbols used for the control signaling in the MBSFN subframe configured at the RN for the UL backhaul link. This creates interference to the Macro cell at the eNB receiver in the first two symbols of the corresponding UL subframe. 
· In Type II interference “U”->”D”, the macro cell UL interferes with the RN cell DL (PDCCH/PHICH especially). The eNB-attached M-UE transmits to the eNB on the macro cell UL. This creates near-far interference to the RN-attached R-UE on first two symbols used for the control signaling in the MBSFN subframe configured at the RN for the UL backhaul link (but seen as “D” subframe by the R8 compatible R-UE).  
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Figure 1: Type I and II interference in TDD configuration pairing
If a relay can be assumed to be seen like a special “UE” by the eNB, no relay-specific solution may be needed for Type I interference. This depends to some extent on the eNB-RN link transmission parameters and modeling, and will require further study and evaluation. On the other hand, a relay-specific investigation seems to be needed for Type II near-far interference. It should be noted that by losing the control part of the MBSFN subframe, the R-UE will lose the advantage of the configuration pairing approach compared to using the same configuration at eNB and RN as losing the control part may impact HARQ operation of the R-UE. However, this doesn’t seem to make the situation worse compared to the case of using the same configuration at eNB and RN, where HARQ operation is also impacted due to losing the nulled UL subframes, which happens un-expectedly for R8 UEs. However the latter will impact all UEs while the former will only impact some UEs at the cell edge of the relay coverage area that happen to suffer from interference from nearby UEs that are connected to the eNB and thus may be less severe. Additionally, given that M-UE is typically making “narrow band” transmission (e.g. PUCCH, PUSCH or RACH) while DL control signaling from RN is always “wide band” transmission in which all control signaling are spread over the entire bandwidth hence have rather good interference suppression capability for narrow band interference. Furthermore, scheduler has the capability, though implementation specific, to avoid having co-located M-UE and R-UE scheduled in the same subframe.
2.4 Interference Coordination schemes to mitigate RN to eNB interference
In Type I interference, interference is only in first 2 symbols between the RN and eNB. To alleviate interference, the eNB may null the first 2 PUCCH symbols at its receiver to mitigate Type I interference to macro-UE PUCCH but suffer some data loss also. Figure 2 shows the performance with PUCCH format 1a if nulling symbol scheme is enabled: for 6 UE multiplexing cases, the performance loss at 1e-3 ACK/NACK BER is around 2.5dB; for 18 UE multiplexing (full load), the loss is around 6dB.
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Figure 2. PUCCH format 1a performance against Type I interference with symbol nulling

Figure 3 shows the performance for 4 bits transmission on PUCCH format 2. For 6 UE multiplexing cases, the performance loss at 1e-3 ACK/NACK BER is only around 1 dB
[image: image3.emf]
Figure 3. PUCCH format 2 performance against Type I interference with symbol nulling
If mulling symbols is not enough for interference mitigation, then the following interference mitigation solutions for Type-I interference may also be considered further:

· eNB and RN may co-ordinate scheduling of their cell-edge users over the Un interface to TDM cell-edge M-UEs and cell-edge R-UEs on UL backhaul subframes. This allows 

· RN to schedule all cell-edge R-UEs on UL backhaul subframe not used by cell-edge M-UEs with sufficient power; 

· eNB to schedule central and mid-cell M-UEs only on UL backhaul subframe used by cell-edge R-UEs without significant interference as their transmission power may be increased by eNB UL PC.   

· eNB may send power adjustment command to RN to reduce the Type I  interference, where the RN lowers its transmission power used for the control signalling sent to R-UEs in first 2 symbols of MBSFN subframe

The solutions outlined above may be readily combined. In case these outlined solutions are not sufficient to avoid significant PUCCH performance loss for some M-UEs, the following ways may be done to completely prevent Type I interference

· RN  schedules PCFICH, PDCCH, and PHICH  for R8 R-UEs on mid PRBs to avoid interference to M-UE PUCCH transmissions on outer PRBs

· PCFICH, PDCCH and PHICH for R10 R-UEs user may be specified to locate at PRBs not used by PUCCH in UL backhaul subframe. 

2.5
Interference Coordination schemes to mitigate near-far interference

In Type II interference, near-far interference between eNB-attached M-UEs and RN-attached R-UEs. A simple Interference Coordination scheme may be considered as illustrated in figure 4.
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Figure 4 Interference coordination scheme for configuration pairing
· The near-far interference between cell central users in eNB and RN access link may be assumed not to be serious and, hence, so whole frequency resources can be re-used with fully scheduling flexibility due to relatively large distance. 

· A “virtual guard band” may be set between cell-edge M-UEs and cell-edge R-UEs to insure that there is enough frequency separation among them to avoid near-far interference.  The “Virtual guard band” can be re-used to data transmission for either mid-cell user of e-NB cell or RN cell beside central users. 
The resource pattern configured for the RN may be determined by some factors, e.g., traffic load, cell coverage, and active UE number etc. The resource reuse pattern depicted in figure 2 might be RN specific depending on the RN load – i.e. number of R-UEs attached to the RN, their location and resource allocation requirements. 
Central, mid, cell-edge users may be determined through

· RACH-based timing alignment mechanism – i.e. Timing Advance (TA) parameter
· Crude Direction of Arrival (DoA)
· Hand Over (HO)  measurements for eNB, RN cells – i.e. if eNB UE with large TA placing it on the eNB cell edge and also UE reports RN cell has the strongest measured RSRP, then eNB knows approximately that UE is at cell edge close to RN cell.
Alternatively, another scheme is that the M-UEs near to relay cell in the uplink sub-frame will not be scheduled to avoid large interference to R-UEs. It means only central M-UEs are transmitting to eNB when RN is transmitting to R-UEs. This achieves interference coordination in the time domain.
And, all above exemplified approaches are flexible yet not relying on any standardized restriction.
Conclusion

TDD UL/DL configuration pairing with use of MBSFN sub-frame at the relay on the backhaul link was shown to maintain backward compatibility with R8 UEs, work with most TDD UL-DL subframe configurations, and nicely fit to the current HARQ timing of RN access link in TDD relay [7]. The basic solution was shown to suffer from some significant impact on HARQ [7]. In this contribution, the interference aspects of TDD configuration pairing for backhauling were described and potential solutions for the RN-eNB interference and near-far interference outlined. 
In conclusion, interference aspects with UL/DL configuration pairing using MBSFN subframe configuration at the RN are believed to have technical solutions. Hence, this access-backhaul partitioning technique could be further considered for evaluation.
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