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1 Introduction
A work item on UMTS Heterogeneous Networks Enhancements was started in RAN#62 [1]. One of the objectives of this work item is:
· NAIC (Network Assisted Interference Cancellation) - Consider using NAIC to enhance LPN edge UE performance. Both pre-decoding and post-decoding IC should be considered and the gains and reliability of needed signaling to enable IC should be evaluated. Specify the aspects which ensure  the impact on Macro capacity is minimized:
· Network signaling that enables IC at the UE. (RAN1/2/3)

· Specify NAIC UE requirements. (RAN1/4)
·  Support for coordinated scheduling between macro and LPNs. (RAN1/2/3)
· The design should ensure that the impact on non-IC capable legacy UEs is minimized. 

In this contribution, we present our views on way forward on NAIC. We consider the following aspects:
· Qualification of a good NAIC solution
· Baseline UE receiver

· Signaling of assistance information
· CQI estimation at the UE
Some of these were discussed during the study item phase. However, it is worthwhile to revisit these points at the beginning of the work item phase to sharpen our focus going forward. 

2 Qualification of a good NAIC solution
Results captured in [2] indicate that NAIC gains are the highest for UEs in the imbalance region served by LPNs. However, keep in mind that the reason that UEs in the imbalance region are offloaded to a LPN is to ease the load in the Macro cell. Thus, the features of NAIC should minimize the impact on the Macro capacity. In fact, to fully justify NAIC, the following two merits need to be demonstrated:
· The Macro legacy UEs need to see the same or a higher average throughput. The increase in Macro UE throughput may be a result of some UEs being effectively offloaded from the Macro to a LPN.

· The offloaded UE needs to see an improved throughput compared to when it stays in the Macro cell. The increase in throughput for the offloaded UE may be due to the reason described below. If the offloaded UE was to stay in the Macro cell, the UE is competing for resources with many other Macro UEs, and thus it is scheduled less often. After offloading, the UE will be scheduled more often, and with NAIC, it will overcome Macro interference and eventually experiences an improved throughout.

The effects of the additional overhead due to assistance signaling and Macro resource restriction should be accounted for. Furthermore, a solution needs to capture the traffic dynamics.

Proposal 1: A NAIC solution needs to demonstrate no degradation to the average throughput of Macro legacy UEs as well as improved average throughput of a beneficiary LPN UE.
3 Baseline UE receiver
During the study item phase, a number of different receivers were used as a UE receiver baseline to illustrate potential NAIC gains. Results captured in [2] include NAIC gains relative to Type 2i, Type 3i, and blind IC receivers. For example, on tables 28-31 in [2], potential NAIC gains over a Type 2i receiver were illustrated; and it was shown that NAIC based on post-decoding interference cancellation (IC) improves performance for UEs in LPN range expansion area significantly. On tables 25-27 in [2], it was shown that NAIC based on post-decoding IC also improves UE performance in LPN range expansion area when the UE uses a Type 3i receiver. However, the benefits are lower for UEs with dual receiver antennas than those with a single receive antenna. The benefits of post-decoding IC are further reduced if a blind pre-decoding IC receiver with dual receive antennas is used as the baseline for performance comparison, as shown on table 23 in [2].
For the sake of making progress going forward, it is important to agree on the UE receiver baseline. Is the objective to achieve improvement over a state-of-the-art receiver (e.g. blind IC), over a main-stream receiver defined in 3GPP (e.g. Type 3i), or a low-cost receiver (e.g. Type 2i)? 
The Type 3i receiver is currently the most widespread configuration, providing good UE performance. The performance of the Type 3i receiver is well understood and RAN4 requirements are available [3]. However, to fully justify the standardization work, a Rel-12 feature might need to demonstrate added values beyond what is possible to achieve within the existing specifications.

Proposal 2: Discuss and agree on one UE receiver baseline for assessing NAIC performance gains.
4 Signaling of assistance information
What assistance information is useful for IC at the UE needs to be agreed. We believe that modulation order, OVSF code used for HS-PDSCH, pre-coding vector within a small set of codebook entries, MIMO rank information, and instantaneous interfering cell received power level relative to that of the serving cell, could all be blindly detected at the UE without introducing excessive complexity penalty. However, blind detection of interfering UE identity (e.g. H-RNTI) and especially the transport block size might be difficult.

Another aspect to consider is how often the assistance information is sent. Is it sent in every TTI, or it is sent dynamically only when there are NAIC capable UEs in LPN range expansion areas? Ideally, the network only sends assistance information when there are NAIC capable UEs in LPN range expansion areas. However, how does the network get such information? It is worthwhile discussing possibility of helping the network to reduce the instances of sending assistance information when there are no UEs that can benefit from such information.
Proposal 3: Merits and solutions for signaling assistance information need to be studied further.
5 CQI estimation at the UE
CQI estimation plays an important role in HSDPA throughput performance. In the NAIC scenario, one issue is whether the UE reports CQI based on SINR measured before or after IC. If the UE is not scheduled, it might be tricky and cumbersome to mandate the UE to report CQI after IC. On the other hand, if the UE reports CQI without accounting for IC, the transport format might not have been determined to capture the IC benefit since the CQI is determined based on an underestimated SINR. SINR under-estimation may be corrected to some extent by the CQI outer-loop, often used to improve the robustness of link adaptation. However, the CQI outer-loop may be slow and thus a study is needed to determine whether it is good enough to harvest the NAIC gains considering the traffic dynamic. Based on the findings, it might be necessary to standardize the UE behavior in terms of CQI measurement, e.g., whether it is supposed to reflect the IC gain or not.
Proposal 4: Study whether the CQI outer-loop, often used to improve the robustness of link adaptation, may be used to reflect NAIC benefits.

6 Conclusions

In this contribution, we present our views on way forward on NAIC. We consider the following issues.

· Qualification of a good NAIC solution

· Baseline UE receiver

· Signaling of assistance information

· CQI estimation at the UE

Some of these issues were discussed earlier during the study item phase. However, it is worthwhile to revisit these issues at the beginning of the work item phase to sharpen our focus going forward.
We would like to make the following proposals.

Proposal 1: A NAIC solution needs to demonstrate no degradation to the average throughput of Macro legacy UEs as well as improved average throughput of a beneficiary LPN UE.
Proposal 2: Discuss and agree on one UE receiver baseline for assessing NAIC performance gains.
Proposal 3: Merits and solutions for signaling assistance information need to be studied further.
Proposal 4: Study whether the CQI outer-loop, often used to improve the robustness of link adaptation, may be used to reflect NAIC benefits.
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