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1. Introduction

In this contribution we address the performance of macro with outdoor deployed pico cells for improved hotspots. Our focus is mainly on the benefits of using pico node range extension (RE) for such scenarios, as well as on whether additional standardization of enhanced inter-cell interference coordination (eICIC) is required for such scenarios. In Section 2 we shortly present the basic idea and mechanisms for pico node RE, followed by corresponding system level performance results in Section 3. Further discussions and concluding remarks are summarized in Section 4.

2. Pico node range extension concept
The basic idea of pico node RE is illustrated in Figure 1. Without any RE and traditional RSRP based serving cell selection, the pico node will have a coverage area as illustrated with yellow. With pico node RE enabled, the coverage area will be increased to also cover the area marked with green. Use of RE increase the off-load opportunities from macro to pico. The same principle can also be applied for RNs as discussed in [R1-101455].  The basic mechanism for RE is already supported in Rel-8, where serving cell selection can be based on RSRP+Offset, where the value of the Offset can be configure individually per cell. Thus, setting Offset>0 for the pico nodes and Offset=0 for the macro eNB will results in pico node RE. However, as reported in [R1-102775, R1-103125], one should be careful when setting the value of the Offset. Large values of the Offset will results in low experienced SINR values for UEs connected to pico, and therefore also increased risks of experiencing downlink control channel (CCH) problems and eventually radio link failures (RLF). See further discussions on the latter in Section 3 when presenting more performance results.  
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Figure 1: Simple illustration of pico node RE principle.
Another pico node RE principle studied by some companies is called Hotzone First (HF) [R1-094777]. Basic principle of HF is as follows for the macro+pico case:

1. A UE connect to a pico node if the measured downlink SINR is larger than certain threshold.
2. If there are several pico nodes fulfilling the criteria #1, connect to the pico with highest RSRP

3. Otherwise connect to the node (macro or pico) with highest RSRP
In condition #1 above, the RSRQ measurement is uased the SINR measurement. Thus, with the HF criteria, it is avoided that UEs experience too low downlink SINR from pico nodes. 
The two former criteria can also be combined as follows:

1. A UE connect to the cell with highest RSRP+Offset (Offset=0 for macro, Offset>0 for pico)

2. If, and only if, RSRQ>Threshold for cell identified in criteria #1

Thus, criteria #2 will ensure that UEs do not connect pico node having too low downlink SINR for serving the user.
3. System level performance results
System level simulations have been conducted for the scenario with macro nodes and hotzone pico nodes, following the guidelines in 3GPP TR 36.814, i.e. similar simulation assumptions as also used in [R1-102976]. We first present baseline performance results without any use of RE, and plain RSRP based serving cell selection. Those results are presented in Table 1, where we have reported the relative throughput gain of introducing pico nodes, as compared to macro-only scenario. Results are presented for both uplink and downlink. For the uplink, we use different settings of the power control parameters Po and Alpha, depending on whether the UE is served by the macro- or pico-layer. It was also recently observed in [R1-102619] that using different uplink power control parameters for UEs served by macro- and pico-layers is important. Given the results in Table 1 and corresponding supplementary results in [R1-102976], and other contributions, we conclude that introduction of pico nodes in macro-cells provide attractive gains, even for cases without any explicit interference management mechanisms. Similar conclusion was reported in [R1-102806].
Table 1: Summary of throughput gain from introducing pico nodes in macro cells without any eICIC and RE. 
	 
	Number of pico nodes per macro cell area

	
	1
	2
	4
	10

	DL
	5% throughput
	X 1.4
	x 1.5
	x 1.5
	x 1.6

	
	50% throughput
	X 1.7
	x 2.5
	x 4
	x 7.6

	UL
	5% throughput
	X 3.6
	x 4.1
	x 4.6
	x 4.7

	
	50% throughput
	X 4.9
	x 6.6
	x 8.3
	x 10.2


The next set of results is presented for cases with RE enabled. Here we focus on the scenarios with either 4 or 10 pico nodes per macro-cell area. The downlink SINR cumulative distribution function (cdf) is plotted in Figure 2 for different cases. Especially the lower tail of the cdf is of importance, since SINR values lower than approximately -7 dB [R1-100350] corresponds to the cases where the UE will have problems correctly decoding the CCHs. Thus, the results in Figure 2 clearly show that use of RSRP+Offset based RE techniques with large values of the Offset should be avoided. Use of smaller Offset-values is acceptable. With HF (assuming threshold of -6.2 dB), the downlink experienced SINR is maintained above the value where CCHs can be correctly decoded.
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Figure 2: Downlink SINR cumulative distribution functions for different cases with/without RE.

The results in Table 2 summarize the throughput gains of introducing pico nodes with applying pico node RE with 3dB offset. The results reported in parenthesis express the relative gain of using RE. The presented performance results in Table 2 clearly show attractive gains from introducing pico nodes, and from using pico node RE, without applying any additional ICIC mechanisms. Thus, we conclude that moderate RE is attractive for LTE, while very aggressive RE using e.g. RSRP+Offset criteria with large values of the Offset shall be avoided. 
Table 2: Summary of throughput gain from introducing pico nodes in macro cells with RE enabled, assuming 3 dB offset on RSRP for pico nodes. Numbers in parenthesis express the relative gain of using RE as compared to no RE.
	 
	Number of pico nodes per macro cell area

	
	4
	10

	DL
	5% throughput
	x2.1 (1,40)
	x2.6 (1.59)

	
	50% throughput
	x4.8 (1.21)
	x9.7 (1.28)

	UL
	5% throughput
	x13.7 (2.98)
	x6.2 (1.33)

	
	50% throughput
	x8.3 (1.00)
	x11.6 (1.14)


In order to provide further background information on the effect of pico node RE, Figure 3 show the average number of UEs connected per pico node for different cases. Above each bar the percentage of UEs connected to pico nodes is reported. From Figure 3 it is clearly observed how the offload from macro to pico is increased when applying RE techniques. The effect of RE is more dominant for cases with few pico nodes per macro-cell, while the relative effect of RE becomes less significant for cases with higher number of pico nodes per macro-cell.
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Figure 3: Number of UEs connecting to pico nodes for various RE schemes.

In order to further elaborate the on the potential of pico node RE based on “RSRP+Offset” criteria, the downlink throughput gains from RE is plotted in Figure 4 for different values of the offset. Notice here that these results are plotted under assumption of ideal control channel performance, so basically assuming the SINR for control channel is improved by use of some ICIC techniques to overcome the problems with low SINR’s as reported in Figure 2 for cases with larger Offset values. From the results in Figure 4 it is observed that most of the gain from pico node RE is achieved from using small values of the Offset, say e.g. RE Offset of 3-6 dB. For much larger values of Offset, the gain from pico node RE starts to decline, and actually turns into a loss as the data channel SINR for the users served on the pico nodes become rather poor. For all cases, a loss in the 95% percentile throughput is observed from using pico node RE – this is caused by more users being connected to pico’s. Given the results in Figure 4, we conclude that moderate values of Offset will provide best performance of pico node RE, and hence we see no need to introduce new control channel eICIC techniques.
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Figure 4: Relative downlink throughput gains of using RE with different values of the “Offset”, assuming ideal control channel performance. 

Figure 5 shows the fraction of UEs which experience a SINR below certain threshold for cases with different number of pico nodes and RE Offsets. The SINR thresholds used in this figure corresponds to the expected level where all control channels should be decoded without problems. For instance, using an RE Offset value of 5 dB would correspond to 2% of the users in the system experiencing coverage problems for control channels due to the SINR being lower than 7 dB. Given these results, we observe that RE Offsets up to approx 5 dB can be tolerated, i.e. approximately corresponding to the point in Figure 4 where majority of the gain in 50% throughput level from using RE is achieved. Hence, this result further underlines the observation that most of the potential RE gain will be achieved without the need for introducing new eICIC techniques.
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Figure 5: Plot showing the fraction of UEs with SINR below certain threshold for cases with different number of pico nodes and RE Offsets.

4. Discussion and Concluding Remarks
In this contribution we have presented updated performance results for cases with macro and pico nodes, assuming plain co-channel deployment without any explict eICIC. Our results clearly show that the introduction of pico nodes provides attractive gains. Use of moderate pico node RE can further improve the overall performance via increase of the offload potential from the macro-layer to the pico-layer. Notice here that use of moderated RE is possible without experiencing downlink control channel problems for the considered scenario, and hence no need for new explicit control channel eICIC schemes. Use of aggressive RE (e.g. by using RSRP+Offset with large values of the Offset) is not recommended as even under ideal conditions it would only bring minor additional benefits, and involves risk of experiencing downlink CCH problems, and increased probability of RLFs. 
The uplink performance of co-channel deployed macro+pico cases also shows good performance without any explicit eICIC mechanisms. The latter is simply achieved by using different open loop power control settings for the UEs depending on whether they are served by macro- or pico-layer. In fact, the presented results in this contribution show that the relative performance gain of introducing pico nodes in macro environments is larger for the uplink as compared to the downlink.

Hence, we conclude that standardization of new eICIC techniques is not needed for the macro+pico or relay scenarios for LTE Release-10, and would be seen as adding complexity without sufficiently high additional gains.

The presented RE results in this contribution are obtained assuming the same “RE settings” for all the pico nodes. However, further optimization of the performance may be possible by using individual settings of the “RE settings” per pico node to better balance the carried traffic between the nodes (macro and pico’s). The latter is mainly considered to be a parameter optimization issue, which does not require explicit eICIC standardization at this point in time.
