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1
Introduction
In this contribution we present various downlink performance results for Rel-12 Small Cell (SC) scenario 1 and 2a in line with the agreed simulation assumptions specified in 3GPP TR 36.872. Our focus is on cases with finite buffer traffic with Poisson arrival, and the influence on the performance depending on used metric for cell association. The linkage between serving cell metric and dynamic Mobility Load Balancing (MLB) is discussed, and it is concluded that the currently 3GPP specified MLB schemes are applicable also for Rel-12 SC scenario 1 and 2a.
2
Considerations for Scenario 1
Rel-12 SC scenario 1 is co-channel deployment of macro and SCs at the same 2GHz carrier with 10 MHz bandwidth. The SCs are placed outdoor in clusters – see details in 3GPP TR 36.872. Here we consider the case with one SC cluster of 4 SCs per macro cell area. The comparative metric for cell association for this scenario is RSRP, i.e. corresponding to using A3 RSRP event as defined in 3GPP TS 36.331. For cases without eICIC, we assume that RE is not used, while RE can be used for the SCs if eICIC is enabled with ABS at the macro-layer. For cases with eICIC, we furthermore assume Rel-11 UEs with support for time-domain measurement restrictions and CRS IC from macro ABS transmission. The end-user UE throughput performance for these cases is reported in Fig.1 in terms of 5%-ile and 50%-ile UE throughpout versus the average offered load per macro cell area. As expected, the UE throughput performance decreases as the offered load increases, and the inter-cell interference become more dominant and more and more simultaneous schedulable users have to share transmission resources. With eICIC enabled (red curve), the performance is clearly improved. The improvement from using eICIC comes from being able to better balance the offered between the macro- and SC-layer as eICIC (ABS at macro) allows using larger RE values for the SCs. As illustrated on Fig. 1, the value of RE and ABS ratio at the macro is adjusted depending on the offered load to achieve the best performance. At low offered load, there is modest number of simultaneous active users, and therefore also modest inter-cell intereference, so only few subframes are configured as ABS at the macro. As the offered load is increased, the ABS ratio at the macro-layer is increased, and the SC RE values is also increased. This essentially means that parameterization of ABS and RE should be adjusted depending on the load to fully optimize the system performance.[image: image1.emf]10 15 20 25 30 35 40
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Fig. 1: Downlink end-user 5%-ile and 50%-ile throughput performance for Rel-12 SC scenario 1 versus the average offered load per macro-cell area for cases with/without eICIC.
As summarized in Fig. 2, the current LTE specifications already include several mechanisms for coordinated adjustments of ABS ratio and RE. Coordinated adjustment of ABS was introcued in Rel-10 specifications, by including new Information Elements (IEs) in existing X2 signaling procedures (see 3GPP TS 36.423). This allows macro and SCs to dynamically adjust the ABS ratio to achieve the best system performance.  Other self organizing network (SON) features like Mobility Load Balancing (MLB) and Mobility Robustness Optimization (MRO) facilitate coordinated adjustment of mobility parameters such as RE. Specifically, MLB allows tuning the handover and cell-selection thresholds between macro and pico cells to balance the load between macro and pico cells, and MRO monitors failed handovers to fine tune mobility parameters and minimize the probability of radio link failures. The MRO mechanism is essentially a distributed functionally that monitors handover events, and allows root cause identification for cases where undesirable handover behavior is identified. Among others, root cause identification includes detecting too early (or late) handovers, handover to wrong cells, etc. Based on such diagnostic analysis of handovers, the relevant mobility parameters (e.g. RE value) are adjusted accordingly to achieve the best possible mobility performance. The X2 mechanisms for ABS configuration and the MLB and MRO procedures therefore form a simple, yet effective, inter-eNB coordination protocol that facilitate autonomous network self adjustment to maximize the benefits of eICIC. Notice that the inter-eNB coordination mechanisms summarized in Fig. 2 are applicable both for macro-2-macro, macro-2-SC, and SC-2-SC, assuming that cells are inter-connected via X2. Besides the coordination among eNBs, also the explicit involvement of the UE in the process is important (e.g. RRC signalling to UE for configuration of RRM measurement objects). Additional information related to the MLB and MRO SON mechanisms is available in [1].  
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Fig. 2: Sketch of control mechanisms for collaborative adjustment of ABS and RE as supported in current 3GPP LTE specifications.
Given these observations, we therefore conclude the following for Rel-12 SC scenario 1:

· Performance optimization of Rel-12 SC scenario 1 is supported with current LTE specifications via standardized inter-eNB adjustment for mobility load balancing (MLB), mobility robustness optimization (MRO), and ABS adjustment (in cases where eICIC is applied).
· Currently specified MLB and MRO mechanisms should therefore be taken as starting point before considering if further load balancing enhancements are needed.
3
Considerations for Scenario 2a
Rel-12 SC scenario 2a is the case with macro and outdoor SCs deployed at different carriers, namely macro at 2 GHz and SCs at 3.5 GHz. SCs are placed in clusters according to the same methodology as applied for Rel-12 SC scenario 1. In the following we present performance results, and corresponding recommendations, for cases with single- and dual-connectivity, respectively. 
3.1
Case with single connectivity
Fig. 3 shows the downlink end-user 5%-ile and 50%-ile throughput for cases with single connecticity. According to 3GPP TR 36.872, RSRQ is used as the primary comparative metric for cell association. The RSRQ metric have the advantage of that it captures the effect of load difference at the two considered carriers, since the RSSI can be regarded as a rough indication of the load per carrier. Fig. 3 show results for four different usages of RSRQ for cell association:
· A3 RSRQ with no RE: The UE is served by cell corresponding to highest RSRQ.
· A3 RSRQ with RE: The UE is served by cell corresponding to highest RSRQ, assuming that Range Extension (RE) bias is applied for the SCs to increase the offload from macro..
· A4 RSRQ: UE is served by SC-layer if the RSRQ on SC is larger than threshold (TH). Otherwise, UE is served on the macro-layer.
Looking at the results in Fig. 3, each of the considered options for serving cell selection have their pros and cons. Using the A4 RSRQ approach have the advantage of offloading the UE to the SC carrier as soon as the quality on that carrier is sufficiently good (i.e. above the parameterized threshold). Using A3 RSRQ with RE of 1 dB seems to provide attractive performance over the range of considered offered loads. 
[image: image3.emf]
Fig. 3: Downlink end-user 5%-ile and 50%-ile throughput performance for Rel-12 SC scenario 2a versus the average offered load per macro-cell area for different comparative cell selection metrics.

Notice that all of the considered options for cell associations are already supported in the current LTE RRC specifications (3GPP TS 36.331), i.e. RRM measurement events. It is therefore network implementation specific to decide which metric to use for serving cell decisions (i.e. handovers). Similarly, the MLB and MRO scheme developed by RAN3 are also applicable for inter-frequency cases, and therefore also valid for Rel-12 SC scenario 2a (and 2b). Given these observations, we therefore conclude the following for Rel-12 SC scenario 2a with single connectivity:
· Performance optimization of Rel-12 SC scenario 2a for single connecticity UEs is efficiently supported with current LTE specifications via standardized inter-eNB adjustment for mobility load balancing (MLB), mobility robustness optimization (MRO).
· Currently specified MLB and MRO mechanisms should therefore be taken as starting point before considering if further load balancing enhancements are needed.
3.2
Case with dual connectivity (inter-site CA)
Fig. 4 shows the performance with single- and dual-connectivty. Here the results for single-connectivity are presented for the case where A3 RSRQ with RE=1 dB is applied. Dual-connectivity results are presented for the case where inter-site carrier aggregation (CA) is used between macro and SC UEs that are able connect to both cells. For these cases it is assumed that Pcell is on macro, and SCell is at the SC for UEs in the vicinity of SCs. For the cases with dual-connectivity, the load balancing between the two frequency carriers is therefore achieved via packet scheduling actions. As also captured in 3GPP TR 36.842 (RAN2 TR on Small Cell Enhancements – Higher Layer Aspects), the use of dual-connectivity offers attractive improvements in terms of higher end-user throughput as shown in Fig. 4.
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Fig. 4: Downlink end-user 5%-ile and 50%-ile throughput performance for Rel-12 SC scenario 2a versus the average offered load per macro-cell area for cases single- and dual-connectivity. Dual-connectivity is realized with inter-site CA between macro and SC.
Given these observations, we therefore conclude the following for Rel-12 SC scenario 2a with dual connectivity in the form of inter-site CA:

· Load balancing between the macro and SC carrier become easier for cases with dual-connecticty, as the packet scheduler offers inter-layer load balancing for such cases.
4
Conclusion
For Rel-12 SC scenario 1 the following is observed:

· Performance optimization of Rel-12 SC scenario 1 is supported with current LTE specifications via standardized inter-eNB adjustment for mobility load balancing (MLB), mobility robustness optimization (MRO), and ABS adjustment (in cases where eICIC is applied).

· Currently specified MLB and MRO mechanisms should therefore be taken as starting point.
For Rel-12 SC scenario 2a with single connectivity the following is observed:

· Performance optimization of Rel-12 SC scenario 2a for single connecticity UEs is efficiently supported with current LTE specifications via standardized inter-eNB adjustment for mobility load balancing (MLB) and mobility robustness optimization (MRO).
· Currently specified MLB and MRO mechanisms should therefore be taken as starting point.

For Rel-12 SC scenario 2a with dual connectivity the following is observed:

· Load balancing between the macro and SC carrier become easier for cases with dual-connecticty, as the packet scheduler offers inter-layer load balancing for such cases.

It should furthermore be noted that there is ongoing Rel-12 SON SI in RAN3 [2], where potential load balancing enhancements for HetNet cases with mixture of different cell types also is on the agenda. More details on the Rel-12 SON studies from RAN3 are available in 3GPP TR 37.822 [3] – with latest version available in R3-131091.

Based on these observations, we conclude the following:
· Given the currently standardized mobility load balancing (MLB) scheme and UE reporting events for cell association (i.e. RRM measurement reporting events), there is no need for RAN1 to further study load balancing for Rel-12 SC scenarios.
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