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1
Introduction
In light of [1], it is known that the major functionalities of deploying relay nodes (RNs) can potentially be the (cell-edge) throughput enhancement (abbreviated as TE) and cell coverage extension (abbreviated as CE). 
For the urban areas with a high population density (e.g., Taipei City with the population density approaching to 10 thousand persons per km2) and high traffic demands, a compact and well-planed eNBs deployment is necessary to provide a seamless signal reception. At the cell edge where the signal strength from the eNB attenuates to a smaller value, deploying RNs had been shown effective to provide TE [2]. On the other hand, for the rural areas with a lower population density and lower traffic demands, a compact eNBs deployment could be inefficient and it can be relaxed to a looser eNBs deployment with a larger cell radius (e.g., Case 3 in [3]). With the merit of the temporary deployment, type II RNs can be deployed to extend the coverage of the donor eNB. As a result, a loose eNBs deployment together with the deployment of type II RNs could potentially achieve a good tradeoff between the cost of the eNBs deployment and the coverage holes elimination. 
According to the previous propositions for type II RNs in [4][5], type II RNs do not have their own PDCCH and the scheduling capability. As a result, only UEs that can successfully receive the PDCCH of the donor eNB can obtain assistances from type II RNs. In other words, UEs locating within the coverage of the donor eNB can obtain assistances from type II RNs. Under this framework, only TE can be supported. 
To support CE, it may suggest that type II RNs should have certain scheduling capabilities and their own PDCCH to coordinate UEs out of the coverage of the donor eNB. However, before we start devoting efforts to the sophisticated PDCCH designs and scheduling algorithms for type II RNs, this contribution evaluates the potential performance of type II RNs on the capability of CE by adopting a very simple scheduling scheme. We can see that the overall system throughput can be improved because that more UEs locating out of the coverage of the donor eNB can receive service. Along with the intuitive simulation results on certain scenario, we also have further consideration in section 3 and finally propose to consider coverage extension and/or outband as extension feature(s) for type II relay, or define an extended relay type in [8]. 
2
Scenario Descriptions 
In the rural areas with typical lower traffic demands, a system is expected to loosely deploy eNBs. However, for some purposes that we hope to prevent the probability that a UE can not obtain any services from eNBs in certain areas, the coverage of the eNB may need to be extended. Since type II RNs require less cell planning work and less mobility signalling overhead, it is suitable to be adopted to extend the coverage of the eNB which is loosely deployed to fulfil the needs of the purpose. From the viewpoint of the system performance, the radio resources can be more efficiently utilized when more UEs can receive the services from the system. This contribution evaluates such potential performance of type II RNs. We also evaluate the performance of type II RNs with only the TE capability. We focus on the DL transmissions. The eNB-RN link and the eNB-UE link are on the same band. However, the RN-UE link can be on the same band or on the different band as that of the eNB-RN link and the eNB-UE link.
2.1 Considerations on type II RNs with the capability of TE and CE
The following basic operation considerations are applied to type II RNs with the capability of TE and type II RNs with the capability of CE:

· Type II RNs with the capability of TE
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According to the previous propositions for type II RNs in [4][5], UEs that can successfully receive the PDCCH of the donor eNB can obtain assistances from type II RNs. However, the assistances from type II RNs are not specified. This contribution considers the operations of type II RNs for TE as follows:
· When a UE can successfully decode the PDCCH of the donor eNB, the RN with the maximum received signal strength experienced by the UE helps to relay the data to the UE.
· Assume each relay assisted transmission requires two subframes. In the first subframe (e.g. pre-scheduling), the donor eNB transmits data both to its direct UE and the RN. In the second subframe, the RN relays data to its UE. (Note that more restrictive timing schedule scheme only in one subframe is possible, such as decode and forward.) 
· Assume the relayed UE receives two copies of data (one is from the donor eNB via the eNB-UE link, another one is from the RN via the RN-UE link). The relayed UE combines two copies of data by the maximum ratio combining. 

· The resource blocks (RBs) allocations of the RN are determined by the eNB.
· Type II RNs with the capability of CE

For type II RNs with the capability of CE, we assume that RNs have their own PDCCHs (even RS) and scheduling capabilities to allocate RBs to UEs not in the coverage of the donor eNB. We consider following scheduling procedures:
1) The UE attaches to the station (the RN or the donor) with maximum received signal strength experienced by the UE. A UE can only attach to either the RN or the donor. Here, the attachment means that the UE can receive data from that station. 

2) The RN reports the aggregated traffic demands of UEs attached to the RN to the donor eNB. 
3) The eNB divides all RBs in the subframe into several portions. Each RN is assigned by one portion and the donor eNB also occupies one portion, as shown in Fig. 1. The number of RBs in a portion of a RN is proportional to the traffic demands of UEs in that RN. That is, let the number of RNs be N and the aggregated traffic demands of the nth RN be Dn. Let the aggregated traffic demands of the donor eNB be DeNB and the number of RBs in a subframe be M. The number of RBs in the portion assigned to the nth RN is
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                 and the number of RBs in the portion of the donor eNB is
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4) Each relay transmission needs two subframes. In the first subframe, the donor eNB transmits data to each RN in the corresponding assigned portion. In the second subframe, each RN only utilizes the assigned portion of RBs to transmit data to its UEs, as shown in Fig. 2.

          In stead of a universal RBs allocation/scheduling in a cell, the donor eNB divides a portion of RBs to each RN and each RN allocates/schedules RBs of the assigned portion to their UEs. The reports of aggregated traffic demands of UEs from RNs to the donor eNB and the RBs partitioning do no need to be very frequently. A new report and RBs partitioning only need to be performed when the traffic demand of one RN exceeds the assigned portion.[image: image5.emf]-10 0 10 20 30 40 50 60 70
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2.2 Cell deployment considerations
Fig. 2 shows the considered cell deployment, where 6 RNs are deployed at 2/3 cell radius. 2000 UEs are randomly distributed over the considered squire area centred by the eNB, as shown in Fig 2. The size of the considered area is 2 HEL × 2 HEL (where HEL stands for half edge length, as shown in Fig. 2). Other parameters in simulations are detailed in Appendix.

3
Performance Evaluations

3.1 Performance evaluations on the received power and SNR of UEs

Fig. 3 shows the CDF of the received power (RX power) of each UE in the considered area and Fig. 4 shows the CDF of the received SNR of each UE in the considered area. We can observe that the curves in these two figures have similar trend. In addition, in these two figures, we can observe following
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When the size of the considered area is close to the cell size (i.e., HEL=1800m), the performance of the RX power and SNR of CE are around the same level of TE and obviously better than no relay.
· When the considered area is far larger than the cell size (i.e., HEL=4000m), more UEs can receive the services from the type II RNs with CE. As a result, the performance of CE is significantly improved as compared with that of TE.

· The discontinuity in the curves of TE is due to following reasons:
· In TE, when the RX power or SNR of UEs is too small, the UEs can not successfully receive the PDCCH from the donor eNB. These UEs can not receive services from the donor eNB and RNs.

· [image: image8.emf]When the RX power or SNR of UEs is large enough, the UEs can successfully receive the PDCCH of the donor eNB. Then the RN can assist the transmission. As a result, the RX power or SNR of these UEs can be improved.
3.2 Performance evaluations on the average system radio resource utilization efficiency

Fig. 5 shows the average RBs utilization of the system. Let the number of RBs in a frame be M, the number of RBs used for transmitting data directly from the RN to the UE or from the eNB to the UE be Meff. The average RBs utilization is defined as
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Please note that in the first frame of a relay transmission as shown in Fig. 1, RBs for transmitting data from the donor eNB to the RN are overheads (for both TE and CE), which are not taken in the account of Meff. In this simulation, we assume that all UEs in the considered area have an identical traffic demand. In addition, in the coverage of the donor eNB, central scheduling by the donor eNB and PDCCH forwarding by RN can be considered and it’s understood that the average RBs utilization will fall between simulations results of TE and CE. 

It can be observed from Fig. 5 that the system with RNs for CE can support more UEs (e.g. or due to possible dynamic scheduling opportunities by RN). As a result, the radio resources of the system can be utilized more efficiently so as to improve the overall system throughput.
4
Further Discussion and Proposal
Following [7], the Relay WID objects should focus on the coverage improvement and additionally consider the case of access link with different carriers or frequency band from the backhaul. It’s more reasonable to have same principle be applied to type II relay node as extension features. 
As mentioned in [6], for inband relaying nodes, it’s known that the restriction on resource partitioning for backhaul link, scheduler coordination (e.g. scheduling delay or signalling overhead) and possible backhaul frame structure could limit the spectrum efficiency and decrease system performance.
For a relay node supporting outband, it has the flexibility in scheduling the service to the UE, regardless of Rel-8 UE or Rel-10 and beyond UE, as an eNB.  The donor eNB has complete freedom in resource allocation for the backhauling link to the new type of relay node. There is no further design issue of resource partitioning for the backhaul link (e.g. R-PDCCH is not necessary), scheduling delay and new backhauling frame structure for the new type of relay node. In addition, the interference mitigation between the donor eNB and the relay node is implicitly supported. 

However, it’s an abnormal case to have PDCCH on a carrier (e.g. from eNB) and PDSCH on another carrier (e.g. from type II relay) for general operation of single carrier scenario (e.g. should be workable for Rel-8 UEs) and it’s not backward compatible.

In addition, we should try to reduce potential (PDCCH) blocking probability by current type II relay operation and allow configuration flexibility (e.g. carrier aggregation with type II relay involvement).

With the intuitive simulation result and analysis above, we propose to consider coverage extension and/or outband as extension feature(s) for type II relay, or define an extended relay type in [8]. 
5
Conclusion
In this contribution, we evaluate the performance of type II RNs on the capability of CE. By adopting a very simple scheduling scheme, type II RNs on the capability of CE can serve more UEs. As a result, the RBs can be more efficiently utilized as compared with that of only TE. This contribution provides a baseline performance and potential motivations to devote efforts to design more powerful scheduling schemes and PDCCH arrangements for type II RNs so as to enable CE. 
Along with the above consideration, finally, we propose to consider coverage extension and/or outband as extension feature(s) for type II relay, or define an extended relay type in [8].
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Appendix

Table 1: simulation parameters

	Parameters
	Assumption/Value

	Cellular layout
	Hexagonal grid, 1 Macro eNB

	Relay layout
	6 RNs at 2/3 of cell radius

	UE layout
	2000 UEs randomly and uniformly distributed over the squire area centred by the eNB

	Cell radius
	1732 m 

	Distance-dependent path loss for eNB(UE
	PL = 128.1 + 37.6log10(R), R in km.

	Distance-dependent path loss for RN(UE
	PL = 103.8 + 20.9log10(R)

	Distance-dependent path loss for eNB(RN
	PL = 100.7 + 23.5log10(R)

	Carrier frequency
	2GHz

	Bandwidth
	20MMz

	TX power
	46dBm for eNB, 30dBm for RN

	Number of antennas
	1 TX antenna, 1 RX antenna

	Fast fading 
	Jack’s Model

	Modulation scheme
	BPSK, QPSK, 16QAM, 64QAM
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Fig. 5: Average RBs utilization of the system.
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Fig. 4: CDF of the received SNR of each UE in the considered area.
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Fig. 3: CDF of the received power of each UE in the considered area.
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Fig. 5: Average RBs utilization of the system.
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Fig. 2: The considered cell deployment.
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Fig. 1: RBs partitioning (e.g. in frequency and/or time) between the RNs and the donor eNB.
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