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1. Introduction

In RAN #62, the Network Assisted Interference Cancellation (NAIC) was approved as one objective of the Hetnet WID [1] to improve the LPN edge UE performance. The following aspects were proposed to be considered in the Rel-12 specification.
· 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. 
It is shown in [2] that CQI mismatch issue is a common issue for any types of IC UEs and degrades the performance of the IC UE. In [3] the RRS pattern based coordinated scheduling with legacy IC UE is analyzed and attractive gains can be obtained. This contribution focuses on the scheme and performance assuming new Rel-12 IC UEs.
2. RRS scheme for new IC UE
The basic framework has already been described in the contribution for RRS scheme for legacy IC UE. Regarding the new IC UE, the RRS pattern determination, Iub signalling for RRS pattern configuration and pattern based coordination are similar like that for the RRS scheme of the legacy IC UE in [3]. The difference of the scheme for new IC UE are some enhancements can be introduced for better performance, which includes more accurate CQI estimation operation on UE side, a more flexible requirement of the transport format could be applied on RRS subframes, etc. The following sub-sections only focus on the differences or improvements of the scheme for new IC UE compared with that for the legacy IC UE.
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Figure 1 RRS pattern based NAIC scheme for new IC UE

2.1 More accurate CQI estimation at the IC UE

In the RRS scheme, separate CQI values need to be maintained for RRS and non-RRS subframes respectively. In the RRS scheme for legacy IC UE, the network could apply separate CQI adjustment loops respectively for RRS and non-RRS subframes [3]. This method is proved by simulation to be effective to RRS scheme for legacy IC UE.
For the new IC UEs, it is possible to indicate the RRS pattern information to the new IC UE. Based on the pattern information, the UE could estimate and filter the CQI values respectively for RRS and non-RRS subframes. The UE side has better understanding on the channel condition from the interference cell and the serving cell, therefore the separate CQI values for RRS and non-RRS subframes should be more accurately estimated by UE side. More accurate CQI estimations should have better performance compared with the network based CQI adjustment method.
2.2 More flexible requirement of transport format on RRS subframes
The channel condition between the interfering cell and IC UE also has impacts on the IC efficiency. In the realistic network, the channel condition from the interfering cell is changing because of the fading, and the distribution of the LPN IC UE locations also vary. Considering these factors, if the requirement of the transport format on RRS subframes could be flexible and dynamically updated according to the position distribution and the channel conditions from the interfering cell of all edge IC UEs, the impact on the Macro cell could be further optimized on RRS subframes.
In the case of new IC UE, the dynamical feedback for the channel conditions of the interfering cell is possible, hence more dynamical transport format requirements could be considered on RRS subframes for better performance.
2.2.1 Rel-12 Post-decoding IC UE

In the case of the Rel-12 post-decoding IC UE, the transport format requirement on RRS subframes could correspond to a TBS threshold (TBSthreshold), which is a TB size that can be decoded by the LPN edge post-decoding IC UEs with some target successful decoding rate. This TBS threshold corresponds to certain IC efficiency. On the RRS subframes, the Macro cell only schedules the Transport Blocks with the size smaller than the TBS threshold. This can guarantee that IC efficiency on LPN edge IC UE is stable and predictable on RRS subframes.
Possible solutions to set the TBS threshold and the associated signalling are listed below. 
· Option 1 (Long term semi-static threshold)
As illustrated in Figure 2, RNC configures a long term semi-static TBS threshold to the Macro cell by using Iub signalling. The threshold could be determined by the RNC based on the reported legacy measurement quantities. 
As an example, the legacy measurement report conveys the RSCP or EC/No of the Macro cell and LPN. Based on these quantities, the IC UE position in the Macro cell could be estimated by the RNC. According to the position distribution of LPN IC UE, a proper threshold of RSCP or Geometry could be used as a requirement on RRS subframes so that only the UE with the Macro RSCP or Geometry less than the threshold are scheduled.
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Figure 2 Option 1 (long term semi-static threshold)
· Option 2 (Dynamic threshold and physical layer indication)
The TB size threshold relates to the SINR of the channel between the Macro cell and the LPN IC UE. Therefore, as illustrated in Figure 3, this TB size threshold should be determined based on the channel conditions between the interfering Macro cell and the related LPN edge IC UE. To achieve this, additional CQI values of the interfering cell need to be reported to the network. In addition to the CQI values from the serving cell of LPN (CQILPN, LPN UE), the LPN IC UE also evaluates the CQI values from the Macro cell (CQIMacro, LPN UE). These two CQI values can be reported by HS-DPCCH to both the Macro and LPN by using the SF-DC coding format or MIMO format. The Macro cell can determine a reasonable TB size threshold on RRS subframes based on all of the reported CQIMacro, LPN UE values.
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Figure 3 Option 2 (dynamic threshold and physical layer indication)
· Option 3 (Dynamic threshold and Iub signalling indication)
Similarly as Option 2, besides the CQI of the serving cell, an additional CQI value of the interfering cell is evaluated on the LPN edge IC UE. The SF-DC or MIMO HS-DPCCH format could be reused for reporting the CQI values. As illustrated in Figure 4, the difference is the LPN IC UE only feeds back the CQI values to the LPN. According to all of the reported CQIMacro, LPN UE values, the LPN can determine a reasonable TB size threshold, which can guarantee most of the LPN edge IC UE’s IC efficiency on RRS subframes. The LPN forwards this threshold to the related Macro cell by using Iub signalling.
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Figure 4 Option 3 (dynamic threshold and Iub signalling indication)
2.2.2 New pre-decoding IC UE

The requirement of transport format should be the required modulation type or code numbers for pre-decoding IC UE. As the scheme for new post-decoding IC UE, the requirement could be more flexible and dynamic based on the additional CQI reporting of the interfering cell. The three options descrived above can be used for new pre-decoding IC UEs.

Option 1 has long term semi-static configuration for the requirement on RRS subframes, and its impact on the specification is minimized. Option 2 and option 3 have the dynamic requirement on RRS subframes in Macro cell, and the performance impact on the Macro cell could be minimized.
2.3 SF-DC or MIMO format for CQI reporting
If the flexible requirement on transport format on RRS subframes is considered, two CQI values need to be reported. The SF-DC format or MIMO format can be reused for CQI reporting. If the flexible requirement updates on RRS subframes are applied, the serving CQI of the LPN IC UE and the additional interfering CQI of the LPN IC UE are encoded by using SF-DC or MIMO coding format. 

As shown in Figure 3 for option2, SF-DC or MIMO format of CQI reporting can be sent to both Macro and LPN. The Macro cell can more dynamically update the format requirement for RRS format. The drawback is that the HS-DPCCH power needs to be high enough to be decoded by Macro cell. However, there already exist solutions to resolve this in current Hetnet study. 

As shown in Figure 4 for option 3, the SF-DC or MIMO format of CQI reporting can be only sent to the LPN. The LPN forwards the information of the CQI values to the Macro cell. Then Macro NodeB based on the forwarded CQI values updates the requirement of transport format on RRS subframes. The advantage of this option is lower power consumption on HS-DPCCH compared to option 2.
3. Specification impact of RRS pattern for new IC UE

Besides the Iub signaling to configure the RRS pattern from RNC to NodeBs, the following new signaling can be considered for new IC UE as further enhancement.

For more accurate CQI estimation on UE side:

· new RRC signaling to indicate the pattern to IC UE (CQI estimation and filtering needs to be modified on UE side)
For more flexible requirement of transport structure on RRS subframes:
· New HS-DPCCH feedback to report the additional interfering CQI for IC UE, and the SF-DC or MIMO coding could be reused;
· If option 1 is used, the Iub signaling from RNC to Macro cell should be supported to configure the requirement on RRS subframes.
· If option 3 is used, the Iub signaling from LPN to RNC and Iub signaling from RNC to Macro need to be introduced to forward the updated requirement on RRS subframes from LPN to Macro cell through RNC.
4. Conclusion

In [3] it is shown that the RRS pattern based scheme can improve the performance of legacy IC cell edge UE. This contribution analyzes some further enhancements of RRS pattern coordinated scheduling when the new IC UE is considered. By introducing these enhancements, better performance can be achieved. The specification impact is also analyzed for the RRS schemes when these improvements are considered for new IC UE.
Proposal 1: Consider enhancements for more accurate CQI estimation and flexible transport format requirement on RRS subframes for new IC UE.
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