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1
Introduction
· A WF [1] on access-backhaul partitioning for relay nodes was agreed after the previous RAN1 meeting, which states the following: 

· eNB → RN and RN → UE links are TDM in a single frequency band (only one active at a time)

· RN → eNB and UE → RN links are TDM in a single frequency band (only one active at a time)

· A scheme supported in FDD: 

· eNB → RN in DL frequency

· RN → eNB in UL frequency

· A scheme supported in TDD: 

· eNB → RN in DL subframes of the eNB and RN 

· RN → eNB in UL subframes of the eNB and RN

· Support of DL backhaul using UL resources for eNB → RN communication or UL backhaul using DL MBSFN for RN→ eNB FFS

Other access-backhaul partitioning schemes have been proposed, for example, in [2-6]. This contribution discusses the benefits and drawbacks of different access-backhaul partitioning proposals. 
2
Discussion
We consider the following different proposals for access-backhaul partitioning: 

1) Conventional time-division partitioning: This is the access-backhaul partitioning scheme agreed in [1]. In this scheme, for FDD, eNB( RN communication takes place in the DL frequency band whereas RN(eNB communication takes place in the UL frequency band. Similarly, in TDD, eNB( RN communication takes place in DL subframes (with both eNB and RN sharing the same DL-UL partitioning) whereas RN(eNB communication takes place in UL subframes. 

2) UL band-swapping (or subframe stealing) [2-4]: In this scheme, for FDD, the UL frequency band is used for both eNB(RN communication as well as for RN(eNB communication. Similarly, for TDD, UL subframes are used for both eNB(RN communication as well as for RN(eNB communication.

3) Use of MBSFN subframes for RN(eNB communication [5]: This is a variation of the conventional time-division partitioning scheme for TDD systems. In this scheme, the relay node is allowed to have a different DL-UL paritioning configuration as compared to the eNB. In paricular, the relay is node can declare a subframe to be a DL MBSFN subframe whereas the eNB declares the same subframe to be an UL subframe. The relay node than transmits CRS/PCFICH/PDCCH/PHICH to the UE on the first one or two OFDM symbols in the MBSFN subframe, and uses the remaining OFDM symbols for UL transmissions to the eNB.
4) Use of special subframe for backhaul communication [6]. This is a variation of the conventioanl time-division partitioning scheme for TDD systems. In this scheme, the relay node is allowed to communicate with the eNB (DL or UL) during the guard portion of a special subframe (DwPTS).
2.1
Conventional time-division partitioning

This is the most straightforward technique among the ones described above. In this scheme, all DL communication (eNB(RN and RN(UE) takes place in designated DL resources while all UL communication (UE(RN and RN(eNB) takes place in designated UL resources. As a result, no eNB transmits in the same band at the same time at which another eNB is receiving. Similarly, no UE transmits in the same band at the same time at which another UE is receiving. Therefore this scheme does not result in any eNB to eNB or UE to UE interference. 

Since the RN cannot transmit to the UE while it is receiveing from the eNB, in this scheme the RN has to use MBSFN subframes in order to create “blank intervals” during which the UE does not expect any transmission. Since the RN is forced to transmit in the first one or two OFDM symbols of an MBSFN subframe, this results in some overhead for relay operation in this scheme. Moreover, the access-backhaul partitioning options are limited by the fact that subframes 0, 4, 5 and 9 cannot be configured as MBSFN subframes.
2.2
UL Band-Swapping

UL band-swapping refers to the case where eNB to relay as well as relay to eNB communication takes place on UL resources (frequency band or subframe). Apart from this, the operation is similar to TDD relaying, i.e., eNB  to UE communication and relay node to UE communication takes place on DL resources while UE to eNB communication and UE to relay node communication takes place on UL resources. The primary reason to have the eNB to relay communication take place on UL resources is that the relay now does not have to receive anything on DL resources. As a result, it can transmit to the UE on these resources in every subframe and does not have to configure any MBSFN subframes. If feasible, such an option would avoid some of the restrictions described in the previous section placed by MBSFN operation.

As described in [7], however, there are significant issues associated with the UL band-swapping operation. The following list summarizes the major issues:

1) Intra-frequency interfernce caused by eNB transmissions on the UL bandwidth: 

If the eNB transmits at its full DL power, the received signal strength seen at other neighbouring eNBs or relay nodes will easily dominate the received strength of UEs. This will result in a severe impact on UL system performance, including outage for many UEs in the system which cannot overcome this interference.

The solution suggested in [2] is that the eNB should transmit at “UE-like” powers. However, if the eNB transmits at UE-like powers, then the data rates achieved will also be similar to UE UL data rates. As we know, UL link-budget limitations can be much more severe as compared to DL link-budget limitations and therefore such a restriction can severely limit the data rates achievable on the eNB to relay backhaul link and therefore on DL capacity as a whole. In fact, the situation will be even worse since a relay node would typically have significantly lower antenna gain as compared to an eNB and therefore the achieved data rate could be even lower than that for cell edge UEs on the UL. It may also be more difficult for the relay node to control the interference level seen on the UL because of the lack of a wired backhaul, further impacting the achievable data rate.

Moreover, the channel from this eNB to another eNB may very well be significantly better than the channel between the eNB and the relay node. This is especially true because eNBs are typically located above the rooftop level and are likely to have line of sight to each other whereas the relay node may be located below the rooftop level and may be shadowed from the eNB. In such a scenario, an eNB transmit power which results in even a moderate backhaul throughput to the relay node could result in excessive interference seen at neighbouring eNBs, thus severely impacting network capacity on the UL.

2) Inter-frequency interference caused by eNB transmissions on the UL bandwidth: eNB transmissions on the UL frequency or subframe will cause interference to eNBs operating on the neighboring frequency. This interference depends on the distance between the interfering and the interfered eNBs which may in some cases even be co-located. In such a case, the interference will occur even if the eNB transmits at a highly reduced transmit power. Mitigation of such interference will require cross-frequency coordination among eNBs (potentially belonging to different operators). 
3) Requirement for new RF capabilities at the eNB: This scheme requires a change to the RF capabilities of the eNB. In particular, an eNB is now required to be able to transmit on both UL and DL frequency bands, which is functionality that it currently lacks. 
4) Link budget impact: Since the eNB has to spend UL resources on some subframes for transmitting to a relay node, this leaves fewer subframes for UEs transmitting directly to the eNB. This impacts the link budget of UEs served directly by the eNB.
5) Power mismatch at relay receiver: Large mismatch of received powers from the eNB and the UE can result in severe performance degradation or desense at the relay node.
2.3
Use of MBSFN subframes for RN ( eNB communication
As described earlier, this is a variation of regular time-division partitioning for TDD deployments. In this scheme, a relay node is allowed to declare a subframe as a DL MBSFN subframe but use it for UL transmissions to the eNB. The eNB declares this subframe as an UL subframe. 
If we denote the eNB UL-DL partitioning as the “true” UL-DL partitioning, this implies that the relay node carries out CRS/PCFICH/PDCCH/PHICH transmissions on the first one or two OFDM symbols of a subframe that is considered by the network to be an UL subframe. This causes intra and inter-frequency interference conditions similar to those described in the previous section on these one or two OFDM symbols. Note that in a TDD deployment, the UL-DL partition is typically synchronized among eNBs within a frequency as well among eNBs in neighboring frequencies precisely in order to avoid such interference conditions. The RN transmission on the first one or two OFDM symbols can in particular interfere with the RS transmitted by UEs in neighboring cells on the same or neighboring frequencies, thus resulting in incorrect channel estimation and eventualy packet errors. 
In general, having different UL-DL partitioning for relay node and eNB has the potential to create both eNB to eNB and UE to UE interference scenarios, both within the same frequency as well as between neighboring frequencies.

2.4
Use of special subframe for backhaul communication

It was suggested in [6] that the guard period of a special subframe (DwPTS) could be used for relay backhaul communication in TDD deployments. The guard period is generally intended to prevent transmission by some UEs at the same time that another UE is trying to receive the eNB waveform. The absence of this guard period would result in UE to UE and eNB to eNB interference (both inter- and intra-frequency). This guard period could potentially be used for relay backhaul communication if it is known that the guard period has been designed too conservatively given the cell sizes in the vicinity of the relay.
However, note that this can be done only if cell sizes in the same as well as neighboring frequencies are known to be small (compared to the guard interval). Moreover, the remaining communication interval, after removing the guard time needed to account for the round-trip to the cell edge, is likely to be quite small. Fitting both control and data signaling in such a small duration is likely to be challenging. Moreover, different designs may be required depending on the mismatch between the length of the guard interval and the cell size. 

As a result, the specification impact of such a scheme may be significant while the gains may be modest and/or present only in limited scenarios. 
6
Conclusion
We have considered different backhaul-access partitioning schemes in this document. One of the schemes considered was the simple time-division partitioning scheme agreed in [1]. This scheme suffers from some inefficiency due to the use of the MBSFN feature; however it does not cause any adverse interference conditions between different eNBs or between different UEs. 
It was found that the UL band-swapping introduces severe inter and intra-frequency interference conditions. The use of MBSFN subframe for RN(eNB communication in TDD also introduces similar inter and intra-frequency interference conditions in the first one or two OFDM symbols of an MBSFN subframe. However, even this more limited interference can result in loss of reference symbols which will then result in packet error.
The use of special subframe for backhaul communication can be considered if there is a known mismatch between the actual guard interval and the cell size in the vicinity of the relay. However, it should be noted that the mismatch has to occur both in the same frequency as well as in neighboring frequencies, and the gain of using this bandwidth depends strongly on the extentof the mismatch. Such a scheme may therefore benefit only a small number of scenarios. 
Based on the above considerations, we prefer the basic time-division partitioning scheme agreed in [1]. Use of special subframes for backhaul communication in TDD deployments may also be considered; however it should be checked if the magnitude of the benefits and the set of scenarios in which these benefits may be obtained justify the specification impact.
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