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1 Introduction

The document discuss the options in transparency (from the UE point of view) for the relay node as dependant of the existence of its own physical cell-ID and its relationship with the scheduling function and its location. The relay node is wirelessly connected to radio-access network via a donor cell.

2 Scheduling Alternatives and physical cell ID
There are several possibilities with respect to the capabilities of the RN, depending on which functionalities are placed on it.  According to where the scheduler is located and how the spectrum is administered, there are several options that may consider a Centralised and a Distributed scheduling strategy or a combination of both.

Scheduling Mechanisms can be categorised as: centralised and distributed, with additional sub-categorisation on the amount of distribution of the scheduling. In addition, scheduling for semi-persistent scheduling and the remaining dynamic scheduling may be different types.

2.1 Centralised Scheduling

In the centralised scheduling approach, scheduler in the eNB includes dynamic resource scheduler that allocates physical layer resources for the DL-SCH and UL-SCH transport channels of all hops radio links. No or limited scheduling functionality is expected at the RNs. The eNB collects information from UE PHY channel and decide in which resources to schedule the UE and/or indicate this scheduling information to the RN. This scheduling is based on total BW (frequency band) available at the donor cell. Two possibilities exist in this case: a) the RN will simply follow the scheduling indications from eNB and construct its own PDCCH accordingly; b) the RN will simply repeat PDCCH over the air. These options have relationship with whether the RN has its own cell-ID. 
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Fig. 1 Centralised Scheduling

Advantages of Centralised Scheduling

·
Only one scheduler takes charge of the resource allocation; however the scheduling function itself would likely to be more complicated.

·
eNB configures the RLC PDU size compatible to both links (eNB-RN and RN-UE).

·
Cooperative Relay is easier to implement since RN just follow indications from eNB

·
To realise soft handover is easier

Disadvantages of Centralised Scheduling

·
Delay in notifying the UE PHY channel information to eNB and scheduling information to RN from eNB doesn’t allow to follow fast variations in radio conditions between RN and UE 

·
Increased control signalling between eNB and RN such as scheduling information, CSI reports between RN/ UE, and also buffer status report from UE.

·
Delay increase due to the two-hop path to the UE can affect operation of higher layer protocols.

·
Difficult to keep backward compatibility, since uplink synchronous HARQ is difficult to manage with restricted timing.

2.2 Distributed Scheduling

Scheduler in eNB performs the dynamic resource scheduling for the transport channels for eNB-UEs (directly connected to eNB) and eNB-RNs links; on the other hand, scheduler in RN performs the dynamic resource scheduling for the transport channels in the last hop, RN-UEs.
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Fig. 2 Distributed Scheduling

In order to realise Distributed scheduling in LTE-A, the RN must have some sort of scheduling capability. Then, depending on how the bandwidth resources are administered between the eNB scheduler and the RN scheduler,we envisage two type of scheduling options. One is totally distributed scheduling, which time/frequency resource are pre-assigned and RN allocate the resource within restriction. The other one would be semi-distributed scheduling, with slow or averaged CSI and/or the sum of the buffer status are reported back to eNB and eNB allocate a part of total bandwidth to RN. RN has the scheduling within allocated bandwidth. 

Advantages of Distributed Scheduling in General 

·
Control Signalling between eNB and RN is reduced. 

·
Scheduling performed at RN can follow fast variations of radio conditions of the UE

·
Simpler scheduling within one cell (within eNB and within RN).

Disadvantages of Distributed Scheduling 

·
Overload in RN buffer may happen when data rate (radio resources) for radio links in the two hops are quite different. 

·
Resources that are not utilised by some RNs cannot be used by the other RNs.  

3 Scheduling and its relationship with RN Cell-ID

As briefly described in section 2, the scheduling can be centralised and distributed, being the case that for distributed scheduling the RN must have some scheduling capability. However, the other important factor in this case is whether or not the RN has its own physical cell-ID, which is identified by UE.
3.1 RN Cell-ID is independent from eNB Cell-ID 

For the case in which the RN has its own physical cell-ID that is independent from the eNB cell-ID, the following can be considered for the general operation of the LTE-A system. 

Advantages 

·
For HO control, measurements for UEs moving from eNB( (RN, can take place as defined for Rel.8

·
Since SCH and BCH are sent independently, the UE can easily determine where it should attach.

Disadvantages

·
Since the radio of the RN cells is likely to be small, an active UE moving through a macro area with many RN, must perform a lot of handovers, and to avoid this excessive signalling and reporting, some extra mechanism is required 

3.1.1 Independent Cell-ID and Centralised Scheduling

Advantages:

·
It is possible to implement fast handovers between eNB( (RN by using the notification of cell-ID. 

Disadvantages:

·
The disadvantages obtained in Centralised Scheduling discussed in section 2.1

·
The intra-cell interference to the eNB may be increased as the RN is located within the eNB macro-cell and the eNB-RN link traffic increased because of centralised scheduling. This issue is dependent on deployment scenario and needs to be further studied.

Conclusion: The disadvantage of centralised scheduling especially regarding the problem of backward compatibility is an issue. So this is not a recommended combination.

3.1.2 Independent Cell-ID and Distributed Scheduling

·
Backward compatibility for the UEs is assured with this scheme.

Conclusion: this configuration presents the RN with the highest flexibility in operation and allows also for cooperative operation. However, careful frequency planning and/or interference cancellation/coordination techniques should investigated in order to recover disadvantages
3.2 RN Cell-ID is the same as eNB Cell-ID

With this operation, the handover is transparent to the UE from layer 2 point of view, however there are some issues w.r.t. PDCCH and channel quality reporting by the UE, hence the amount of “transparency” needs to be studied. The following issues can be seen:

Advantages:

·
For the UE, it is transparent whether is connected to the eNB or the RN from mobility procedure perspective

·
Since SCH and BCH are equal to that of the eNB, there may be added diversity effect on the reception at the UE.

Disadvantages:

·
Frequency re-use efficiency diminishes if one assume RS is obtained by cell ID

·
Some MAC level handover scheme is needed for the measurements required to do handover eNB((RN .

·
Additional reference signals (RS) is necessary in order to measure CQI of eNB and RN independently. 
·
Report from UE is not cell specific so it’s difficult to separate the effect of diversity 

3.2.1 Same Cell-ID and Centralised Scheduling Operation

·
The eNB can schedule at once the reference signals over both cells (macro and RN)

·
Handover between RNs under one eNB is realised only by eNB scheduling.

Unfortunately, the previously presented disadvantages about amount of signalling, etc. still remain valid. However as a conclusion, it can be said that with this combination, the bad effect of increased signalling can be somewhat mitigated

3.2.2 Same Cell-ID and Distributed Scheduling Operation

This configuration doesn’t seem to be realistic since there is no gain in having the RN schedule by itself if it doesn’t have its own cell-ID.

4 Conclusions
We have analysed the possible alternative for location of the scheduler and its relationship with the possibility of the RN to have its own physical cell-ID. As overall conclusion, to utilize separate cell ID for the RN looks like less modification is required and allow more backward compatibility. The benefits of having the same cell ID can be obtained by other means. In addition having the scheduler at the RN and the RN with its own cell-ID presents the RN with the highest flexibility in operation and allows also for cooperative operation.
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