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Discussion and Decision
1. Introduction

During the study phase of HetNet, it has been identified that when UE is located at the edge of LPN cell, it may suffer strong interference from the Macro cells. Interference cancellation receiver can mitigate this strong interference to improve UE’s downlink performance. Meanwhile, the network (Macro Node, LPN, or both) signalling can assist the victim UE to mitigate the interference by sending some scheduling information of the interferer. In this contribution, several network assisted signalling methods for IC UE are discussed.
2. Discussion

The current IC UE includes Type 3i, pre-decoding IC, post-decoding IC, and MIMO IC UE. The physical layer signalling of the detailed interference structure information (such as modulation type, code set and TBS) and the signalling of the pattern for coordinated scheduling have been discussed in the SI.
Depending on the characteristics of the UEs, a different network signalling method can be needed. In this section, besides summarizing previous discussions, some new discussions on pattern signalling for post-decoding IC UE and network assisted signalling for MIMO IC UE are provided. 
2.1 Network assisted signalling for pre-decoding IC UE

With respect to pre-decoding IC UE, only modulation type and code set information are needed. On some commercial pre-decoding IC UE without NA-IC, this set of information can be blindly detected from HS-PDSCHs. Therefore, the physical layer signalling for indicating modulation type and code set may not be needed. However, we also see the potential benefit for improving the detection accurate and reducing the UE complexity.

As another direction for network assisting for IC, the pattern based coordinated scheduling is proposed and studied. [1]
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 \* MERGEFORMAT [2] [3]. In this method, the pattern of different interference structures is needed to be semi-statically updated on Macro cell, LPNs and IC UEs. In addition, UE could assume different IC efficiency for RRS and non-RRS subframes according to the pattern to improve CQI estimation accuracy.

Since such pattern is less likely to be changing fast, new IE conveyed in RRC signalling can be used to carry the pattern information to the IC UE.
2.2 Network assisted signalling for post-decoding IC UE

To enable post-decoding IC on the NAIC UE, in addition to modulation and code set information, the TBS and RV information is also needed. The TBS and RV information can hardly be detected blindly but they are essential information for post-decoding IC. Hence, explicit signalling is necessary to be used to indicate all necessary information to the victim post-decoding IC UE.
As the detailed design for this physical signalling, dedicated HS-SCCH with an additional UE-ID indication signalling has been proposed in [4], in which the UE ID can be carried on an additional common HS-SCCH from the interfering cell. Another design is repeating all the HS-SCCH information by using an additional legacy HS-SCCH masked by a common UE-ID [5]. However, the transmit power of the additional HS-SCCH should be evaluated especially for multiple UEs scheduled cases, because post-decoding IC would work only when the victim UE can decode the data for each Macro UEs correctly.
It is shown in [3] that for post-decoding IC UE, the successful rate for decoding the interfering HS-PDSCHs has a large difference while different Macro UEs are scheduled in the Macro cell. Corresponding to the different decoding successful rate for interference, the IC efficiency will have significant difference under different interfering structures. From the LPN post-decoding IC UE’s point of view, the Macro UEs actually appears randomly scheduled. Considering the CQI delay, the CQI mismatch issue, meaning the CQI used for selecting the scheduled TB size is not matched with the interference environment during the TTI on which this TB is scheduled, does exist for post-decoding IC UE. The CQI mismatch issue will cause performance degradation.
In order to resolve the CQI mismatch issue, pattern based coordinated scheduling (RRS pattern) can be beneficial for post-decoding IC receiver to explore the IC gain. By pre-configuring a shared pattern, the LPNs and Macro cell can do coordinated scheduling. Based on the indication of this pattern, the post-decoding IC UE can do CQI estimation more accurately and experience more stable interference [3].
Therefore, for post-decoding IC UE, semi-static pattern indication and physical layer signalling for detailed scheduling information should be used together to guarantee the performance of post-decoding IC UE. 
2.3 Network assisted signalling for type 3i UE

Type 3i UE requires the knowledge of the interfering cell instantaneous transmit power. UE could estimate the interfering cell instantaneous transmit power blindly, however the estimation accuracy may not be sufficient especially , considering that the interfering cell may change the transmit power randomly. This happens while bursty traffic is served on interfering cell. In [6], the initial evaluation for indicating instantaneous transmit power of the interfering cell is shown. It is expected that higher gains can be achieved in bursty traffic.
Physical channel signalling can be used, where the instantaneous power information can be carried on a reliable physical channel. As the UE may only needs to know a small number of instantaneous power levels, the information carried on such channel could be within a couple of bits. The resulting code rate for this information can be low and therefore increases the reliability.

2.4 Network assisted signalling for MIMO IC UE
In [7] and [8], benefit of interfering MIMO signal’s PCI information at the victim IC UE has been shown. Generally, there are two ways to signal the interfering MIMO signal’s PCI to the victim UE. One is explicit signalling and the other is implicit signalling.

For explicit signalling, PCI information is conveyed explicitly to the victim UE from the interfering cell and will cause additional signalling overhead. Power consumption on the signalling needs to be considered. From the simulation results in [8], when the LPN signal strength is 8dB larger than that of Macro, interfering MIMO’s PCI could still improve victim UE’s performance by around 13%~24% [8]. If the PCI information carried on the signalling cannot be derived by the victim UE correctly, such gain cannot be obtained.
For implicit signalling, UE can derive the PCI information implicitly. One simple method is to use pre-coded pilots as introduced in [7]. However, similar to the explicit signalling, in order to benefit more LPN UE from PCI information, the coverage and power consumption of the pre-coded pilots needs to be considered. 
3. Conclusions
In this contribution, we have analyzed the network assisted signalling for pre-decoding IC UE, post-decoding IC UE, type 3i UE and MIMO IC UE. In further evaluations of the NAIC schemes, physical signalling overhead and its impact to the interfering cell downlink performance should be considered.
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