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1. Introduction
In RAN1#66bis it was endorsed that further system performance evaluations for zero and reduced data power ABS were needed in order to conclude on an offset for cell range expansion (CRE) within the range of 6 to 12 dB. System performance evaluations on FeICIC with ABS for macro-pico deployments in [1] showed that reduced data power ABS could provide significant performance improvements over zero data power ABS under assumptions adopted for FeICIC system simulations [2]. We also concluded in [1] that CRE beyond 6 dB could mainly be motivated for the case with reduced data power ABS and that suppressing CRS interference from strongest neighbor cell could significantly improve the cell edge user’s throughput, in particular in highly loaded non-full buffer traffic scenarios.
In this contribution, we continue the system performance evaluations [1] by considering non-ideal CRS interference suppression and ITU channel modeling with indoor users only. Only reduced data power ABS is evaluated.
2. Discussion
Simulation assumptions

The considered simulation set up is in line with [2], where baseline simulation parameters for macro-pico deployments follow from TR 36.819 and TR 36.814. In this contribution we also consider ITU channel modeling with all UEs being dropped indoor, and as in [1] we consider 4 pico’s per macro cell, non-full buffer traffic corresponding to scenarios with high load
 and focus on the CRS based transmission mode TM4. Realistic channel estimation is considered, where CRS-to-CRS collisions have been modeled by determining via link-level simulations their contribution to an effective SINR. As in [1], static ABS ratios are optimized for each considered scenario via a genie guided ratio determination operation, and all macro cells use the same ABS pattern.
Evaluations with CRS interference modeling and non-ideal CRS suppression
System performance with non-ideal interference cancellation of CRS is herein evaluated with CRS interference modeled in accordance with [2], with a planned macro cell ID layout and with randomly selected pico cell IDs. All results are without any modeling of Tx/Rx impairments and cancellation is only conducted when it does not deteriorate the performance. Thus, it is assumed that the UE can detect when it should switch on and off the cancellation in order to avoid any performance degradations. Furthermore, non-ideal cancellation was modeled by replacing the CRS power of any cancelled interferer with an effective residual power before calculating (using the link-performance model for CRS interference from [2]) the throughput. Detailed link-level simulations were used to find the effective residual power as a function of the noise level (including other signals) present on the resource elements used to estimate the interferer channel.
Figures 1 and 2 depict the impact of CRS interference on the cell edge user throughput for different cell selection offsets (CSO), where non-ideal interference cancellation of strongest interferer is compared with no cancellation. As expected from previous evaluations, CRS interference has large degradation impact on the cell edge user throughputs and suppressing CRS interference from the strongest interfering neighbor cell can improve the cell edge performance significantly also in the case of non-ideal CRS suppression, at least in absence of Tx/Rx impairments.
Observation 1: Practical receiver schemes for CRS suppression of strongest interferer can improve the cell edge user performance significantly, at least in absence of Tx/Rx impairments.

Another observation that can be made from these figures is that when considering ITU channel modeling with all users dropped indoor, the optimized CRE offset would be lower than in corresponding cases with all UEs dropped outdoor. From these figures it can further be observed that the differences in cell edge user performance for CSOs in the range of 6dB to 12dB are not that large. This leads us to the following observations:
Observation 2: In realistic scenarios with most users being indoors, an optimized CRE offset would most likely be closer to 6dB than 12dB.
Observation 3: The differences in cell edge user performance within the range of 6dB to 12dB are not very large.
In [1] we concluded that in highly interference limited HetNet scenarios [2] it was beneficial from a cell edge user performance perspective to reduce macro data interference either by moving the macro traffic to the pico cells via excessive cell range expansion or simply by reducing the macro transmit power to unrealistically 1W. With the ITU channel model and all users indoors, the cell edge user performance with 1W macro transmit power will though be somewhat degraded in a relative comparisons with results in [1], and e.g. increasing the transmit power to 5W shows somewhat better results. Thus, even in the case of dropping all users indoor when considering ITU channel modeling the HetNet scenarios are still clearly interference limited as seen by comparing the throughputs in figure 1 and 2.
Observation 4: HetNet scenarios will still be interference limited to large extent also when all users are dropped indoor in the ITU channel model.
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Figure 1 ITU channel modeling with indoor users only
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Figure 2 ITU channel modeling with outdoor users only
3. Conclusion
In this contribution, we continued with the system performance evaluations from [1] by taking practical CRS interference suppression performance into account and also consider ITU channel modeling with indoor users only. The following observations were made:

Observation 1: Practical receiver schemes for CRS suppression of strongest interferer can improve the cell edge user performance significantly, at least in absence of Tx/Rx impairments.
Observation 2: In realistic scenarios with most users being indoors, an optimized CRE offset would most likely be closer to 6dB than 12dB.

Observation 3: The differences in cell edge user performance within the range of 6dB to 12dB are not very large.

Observation 4: HetNet scenarios will still be interference limited to large extent also when all users are dropped indoor in the ITU channel model.
The findings and observations from [1] and from the present contribution can be summarized as follows:
· Making general conclusions and statements on benefits with large cell range expansion seems difficult by studying interference limited HetNet deployment scenarios where reducing macro interference by lowering the macro output power to unrealistically 1W can provide excellent cell edge user performance.
· Reduced data power ABS can provide substantial system performance gains over zero data power ABS.

· Suppression of the strongest CRS interferer improves the cell edge user performance considerably.
· In realistic bursty traffic scenarios with resource utilizations enabling stable system operations and where a majority of the users are indoors and support CRS interference suppression of strongest interferer, an optimized CRE offset would most likely be closer to 6dB than 12dB.
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� The traffic load corresponds approximately to an average RU of 50% in the worst loaded cells.





