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1 Introduction

At RAN #63 meeting, the revised WI [1] was approved and the detailed objectives of this WI are:

· Co-channel interference management - Specify solutions to mitigate UL/DL imbalance. (RAN1/2/3/4)
· Specify a solution to ensure the reliability of HS-DPCCH and other uplink channels (DPCCH, E-DPCCH and E-DPDCH), considering the introduction of additional channels or dynamic power adjustments of control and data channels. 

· Specify a solution to minimize the interference generated by UEs that are not in soft handover towards macro and LPN base stations. Consider Extended Active Set and ICIC to apply to such UEs.

· Specify E-DCH decoupling for Rel-12 terminals. 

· Consider Iub signalling of CIO adaptation for co-channel and multi-carrier deployment needing to ensure capacity improvements. (RAN3)
In this paper, the overview of the solutions and specification impact for the WI are discussed.
2 Discussion
2.1 Ensure the reliability of HS-DPCCH
In the strong imbalance zone, the LPN is added in UE’s active set. Because of the smaller path loss from the UE to the LPN, the transmission power will be reduced through power control from the LPN, and then the uplink reception can not be guaranteed in macro cell. Two main solutions are introduced to ensure the reliability of HS-DPCCH and other uplink channels.
· Introduction of additional channels
In [2] for this solution: a secondary pilot is introduced on the uplink to act as the phase reference for the HS-DPCCH channel and is power controlled only by the weaker Macro cell. The E-DPCCH and the data channels would still be based on primary pilot and UL data decoding performance is not affected.
New pilot and new behaviour of UE and network in power control procedure should be defined in RAN1. And the configurations of new pilot on Uu, Iub and Iur interfaces should be added in RAN2 and RAN3.
· Dynamic power adjustments of control and data channels
· SIR manipulation and LPN Inner Loop Power Control (ILPC) restriction
For the SIR manipulation solution, the DPCCH SIR target is increased at LPN to ensure the HS-DPCCH reception at the Macro cell. For LPN ILPC restriction solution, the UE would follow power control commands only from the serving cell (hence ignoring the LPN commands or LPN commands if always +1). And for both solutions, the E-DPDCH power offsets can be configured lower to relieve UL interference to the LPN. They have no specification impact and existing messages can be reused.
Dynamic SIR manipulation and LPN ILPC restriction are introduced in [3] and the HS-SCCH order is used to send reference beta factor dynamically from macro NodeB to UE. New definition of HS-SCCH order is necessary in RAN1. UE configuration of the order on Uu interface and the reference beta factor transfer on Iub and Iur are also necessary.
· Dynamic rate and power adjustment [4]

The UE only follow the TPC command from macro NodeB for UL DPCCH power and the reference beta factor of E-DPDCH is assumed to follow the TPC commands from the LPN. Then the HS-DPCCH can be guaranteed and the E-DPDCH can be controlled by the LPN to relieve the interference. 
The new power control procedure and TPC commands related to the reference beta factor shall be defined in RAN1. New indication for starting this scheme is necessary on Uu, Iub and Iur.
2.2 Minimize the interference generated by non SHO UEs
The macro UE which is close to the UL boundary (the point that the path loss to the macro and LPN is the same) and outside the SHO region may generate excessive uplink interference to the LPN. Also UE the served by the LPN while the macro is not in its active set may cause UL interference to the macro.
To relieve this interference, two solutions: Extended active set and Inter-cell interference cancellation (ICIC) are introduced. For both solutions, non SHO UE identification procedure is necessary and implementation method by configuring two Event 1A with different threshold and different measurement identity can be used to identify the interfering UE [5]. After identifying the interfering UE, two ways can be used to alleviate the UL interference: setup radio link to the victim cell and add it in UE’s active set or the advanced base station with the capability performing IC by being informed of the related information of the interfering UE.
The only impact on Iub and Iur is the interfering UE information transfer procedure over Iub/Iur interfaces should be defined and the needed information should be determined by RAN1.

2.3 E-DCH decoupling for Rel-12 terminals
The E-DCH decoupling solution is introduced to solve the SI reception problem of the macro NodeB and it can also bring some UL system throughput gain. The Rel-12 UE can be configured to receive E-AGCH and E-RGCH up in the non-serving E-DCH cell (LPN), while it still receives downlink data in the serving cell (macro NodeB).
The trigger and procedure of E-DCH decoupling shall be decided by RAN2 and three main schemes can be considered: RRC signalling to configure the NodeB and UE to perform E-DCH decoupling; pre-configuration and HS-SCCH order can be used to start it; the UE listen to E-AGCH both in LPN and macro.

The RRC signalling has less impact on the specification than HS-SCCH order, because it needs new definition of HS-SCCH order in RAN1. The detailed analysis could be found in [6].
2.4 CIO adaptation
The small cell is introduced to achieve the offload gain and higher user throughput. The CIO can be used to offload more UEs to the small cell and expand the downlink coverage of it. However, the proper CIO value used for the small cell is important to the Hetnet scenario.

One solution is to set the CIO value based on the loading condition of the macro and LPN and the macro can offload more UE to the LPN if it has spare capacity. The load information is in control of the RNC and it can be transferred on Iur interface. Also the RNC can configure the CIO value to the UE without informing the NodeB. Then only the CIO value transferred on Iur interface should be defined when the macro NodeB and LPN are deployed with different RNCs.
3 Conclusion
In this paper, the solutions for the WI of UMTS Heterogeneous Networks enhancements are analyzed.
Proposal: It is proposed RAN2 to discuss the related solutions for the UMTS Heterogeneous Networks enhancements WI.
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