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1. Introduction
This contribution refers to network performance where in addition to macro eNBs outdoor pico nodes are deployed. The main focus is on the performance for cases with partial resource partitioning between macro and pico node. To be more specific, we show performance results for cases where the partial resource partitioning is achieved in the frequency domain using a simple Rel-8/9 compliant carrier configuration. The contribution is related to the LTE HetNet eICIC WI, where the following way forward was agreed during RAN1 #62 meeting:
· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8
The contribution is organized as follows: In Section 2 we describe the proposed concept of allocating the UEs. Results of system level simulations are shown in section 3. Conclusions and further discussion are placed in section 3.
2. Partial Frequency Reuse Concept
The performance of the frequency configuration illustrated in Fig. 1 is investigated. A configuration with two carriers is analyzed, where carrier f1 is used by both macro and pico, while carrier f2 is used only for pico. Such a configuration is possible with Rel-8. Studying the performance of the configuration in Fig.1 can also bring learning’s’ for proposed time-domain (TDM) eICIC techniques, as the two configurations are equivalent. For the TDM eICIC principle for macro+pico, some subframes are muted at the macro-layer. The latter is basically equivalent to f2 for configuration in Fig. 1 (i.e. no interference from macro layer).
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Fig. 1 Frequency configuration
The shared carrier (f1) assures full coverage of the entire network area. UEs operating on this carrier are assigned to serving eNBs according to downlink RSRP measurements with moderate bias for expanding the range of pico eNBs. Details of this serving cell selection method are described in [1].
Unlike the shared carrier, the pico-only carrier (f2) does not have full coverage over the entire area. The UEs can operate on this CC only if the SINR measured on this carrier is above certain threshold. However, due to lack of macro-cell interference on f2, each pico eNB is having much larger coverage area on f2 and compared to one f1. An example of sample coverage maps for both carriers is shown on Fig. 2. 
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Fig. 2 SINR distribution and coverage areas of two carriers
It should be noticed that some of the UEs can be served only on f1 whereas others can be served on both carriers. For the sake of simplicity, the UE allocation to the carriers is done as follows:

1. Only UEs that experience downlink SINR larger than zero are allowed to connect to f2.

2. UEs that can be served only on f1 connects to the nodes according to RSRP+RE rule
3. UEs that can be served on both carriers are assigned to the carrier that maximize the downlink throughput of the weakest UE.
An important issue regarding such an allocation scheme is that the pico range on pico-only carrier is much higher than in case of using RE, even with high bias. This allows better adjustment to changing UEs’ density around each pico node.
3. System level performance results
System level simulations are performed according to assumptions for macro + pico hotzone simulations in 3GPP TR 36.814. The main simulation parameters are summarized below:
· Clustered User dropping: 4b (2/3 UEs clustered)

· Pico eNB total Tx power: 30dBm (@ 10 Mhz)
· Macro eNB total Tx power: 43dBm (@ 5MHz)

· Distance dependent path-loss: Model 1

· Uplink power control parameters:

· Macro UEs: P0 = -80dBm; α = 0.9

· Macro UEs: P0 = -70dBm; α = 0.7
· Macro UEs: P0 = -80dBm; α = 0.9

Three cases were investigated during the simulation campaign:
1. Macro- only case with 10MHz bandwidth avaliable for macro eNBs
2. Macro + pico CoChannel case with 3dB RE,  10MHz bandwidth both for macro and pico eNBs

3. Macro + pico case with patial frequency reuse scheme as described in Section 2.
Table 1 summarizes the gain of adding pico-nodes compared to macro-only for the partial frequency configuration. The gain figures reported in parenthesis correspond to the gain of using the assumed partial frequency reuse configuration as compared to plain co-channel deployment. It is observed that especially the downlink 5%-tile throughput level is increased significantly by using the dual carrier configuration with partial reuse. The latter is a result of the rule for allocating users to the two available carriers to exactly maximize the throughput of weakest users. Also the throughput levels at the 50%-tile are improved. The reported gains of using partial frequency reuse between the macro and pico layers are mainly contributed by two factors; (i) the experienced SINR for the pico-only layer on f2 is higher and (ii) more users connect to the pico nodes, as compared to the case with plain co-channel deployment. Thus, the higher off-load from the macro-layer to the pico nodes is basically dominating the effect of reducing the bandwidth of macro-layer as assumed for the partial frequency reuse configuration in Fig. 1.
Table 1: Gain of pico node deployment relative to a macro-only network, when assuming macro+pico on f1 and pico-only on f2. Numbers marked in parenthesis are the gain values compared to plain co-channel deployment with 3 dB RE).

	 
	Number of pico nodes per macro cell area

	
	4
	10

	  Downlink
	5% throughput
	x5.5 (2.6)
	x8.1 (3.1)

	
	50% throughput
	x8.1 (1.7)
	x17.4 (1.8)

	    Uplink
	5% throughput
	x2.9 (1.4)
	x3.9 (1.5)

	
	50% throughput
	x3.7 (1.5)
	x6.1 (1.5)


4. Discussion and Concluding Remarks
In this contribution we presented the results for a partial frequency reuse allocation scheme. The results show that it is beneficial to reserve pico–only resources for the considered scenario. Although the presented results are for resource partitioning in the frequency-domain the main observations and learnings can be extrapolated also to the TDM eICIC cases (if assuming ideal muting and nor common/control channel problems). Based on the presented results it is evident that partial resource partitioning brings additional benefits for the considered macro+pico scenario, although the system can also work under plain co-channel deployment. The performance results are naturally sensitive to the exact algorithm used for deciding which pico users are allocated / scheduled on pico-only resources, and which pico users are allocated / scheduled on resources where macro-layer interference is present. Thus, such methods are for further study.
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