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Text Proposal
1 Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on Restricted Resources Subframe on Transport Format solution to the Technical Report [2].

2 Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7.x.x.  Restricted Resources Subframe
Restricted Resources Subframe on Transport Format (RRS on TF) is a method for NAIC to improve the performance of the LPN UEs with advanced IC capability. In the presence of IC capable UEs, the RNC will offload more Macro UEs to the LPNs by for example using a larger CIO, in order to obtain more scheduling gain from LPN. In this case, the LPN UE operates under strong interference and the IC gain is expected to be large. The RRS on TF solution aims at scheduling the IC capable UEs in the LPN in a better interference environment so that the IC efficiency can be improved. RRS is a form of coordinated scheduling between the Macro and LPNs where the Macro NodeB restricts the scheduled resources. 
The restriction on modulation type is one way to implement the RRS method. The restricted resources could also be the scheduled codes. The details of which resources are restricted can be signalled to the LPN UEs, along with the pattern information. For pre-decoding IC UE, only modulation type and code set information are needed. Signalling such information to the LPN UEs improves performance and reduces receiver complexity. The knowledge of the IC capability of the UEs could be beneficial in optimizing the scheduling strategy. The information about the pattern and restricted resources can be conveyed through higher layer signaling to minimize the impact of signaling on the system capacity.
The steady and known interference environment when using RRS helps reduce CQI mismatch. If the scheduling at the Macro NodeB and LPN is done independently, as in legacy operation, the Macro NodeB can schedule any modulation type and number of codes, and this can change from TTI to TTI. The LPN UE experiences a changing interfering environment and this will cause a CQI mismatch. With RRS pattern, there is no CQI mismatch because the modulation type of interfering signal does not change over a certain time period and it is known at the LPN UE side. 
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Figure X: One example for Restricted Resource Sub-frame on Transport Format

One example of RRS pattern is illustrated in Figure X. The RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, some specific TTIs, which are called RRS subframes, are indicated to only transmit some pre-defined transport format, such as QPSK+15codes. On the LPN side, since the victim IC UE can have higher IC gain on RRS when the interferer uses QPSK modulation, the LPN should schedule LPN IC UE on the restricted resource subframes with higher priority. Other RRS patterns can be considered and the scheduling strategy at the LPN can be optimized accordingly to further improve performance.
Simulation results [x] show that using an RRS pattern can provide significant improvement to the LPN cell edge IC UEs and limited impact to the Macro capacity. The pre-decoding IC gains are different if different modulation types and/or number of codes are used by the interferer. The reconstruction of the interfering HS-PDSCHs is more accurate when low order modulation type or fewer codes for HS-PDSCHs are scheduled in the interfering cell. Hence, a higher IC efficiency can be achieved. 
Considering that usually multiple LPNs are deployed in one Macro cell, the RRS gains observed in one LPN should be multiplied by the number of LPNs. Hence, when applying RRS pattern, there are gains for the overall system performance in HetNet.
 [------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3 Conclusion
It is proposed to agree to and capture the text proposal presented in this document to the UMTS HetNet TR [2].
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