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1. Introduction

With the first priority, the WI for further enhanced non CA-based ICIC (FeICIC) will be discussed until RAN#55 meeting [1]. The improved DL control would be considered in WI as below:

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

The improved DL control and data detection at UE side would be achieved whether by Rx technique, Tx technique or both. According to the latest discussion, the major concern of Rx/Tx-based solution for FeICIC is defined as below [2]: 
· Rel-11 Rx techniques 
· Interference suppression (R1)

· CRS RE puncturing (R2)

· Rel-11 Tx techniques

· Data/control/signal muting (T1)

· ePDCCH (ePHICH, ePCFICH) design (T2) 

· Acquisition enhancements (T3)

There is ePDCCH (ePHICH, ePCFICH) design issue as Rx/Tx technique. So, in this contribution, we will consider ePHICH. In HetNet scenarios, PHICH could be under severe interference from PDCCH of aggressor cell. The most emptied ABS is considered to improve DL control detection in victim and then, the method for PHICH will be proposed that PHICH could be transmitted through non-ABS to substitute ABS as ePHICH techniques.  

2. Discussion
PHICH is transmitting N/Ack on PUSCH during UL HARQ process. In current specification [3], the ABS definition is as followed. 
The Almost Blank Subframes (ABSs) in an aggressor cell are used to protect resources in subframes in the victim cell receiving strong inter-cell interference. Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. The eNB ensures backwards compatibility towards UEs by transmitting necessary control channels and physical signals as well as System Information. 
Though the exact definition of ABS is not clear yet – the decision which physical channel would be removed is not made yet, in general concept, to minimize the interference to control/data channel, it is desirable to leave ABS as empty as possible. However, since we consider synchronous HARQ transmission for PUSCH, if PHICH or UL grant transmission is not allowed in ABS, as shown in [4], the absence of PHICH/grant could cause some disturbance at the UL HARQ process. Though proper ABS pattern which considers UL HARQ process timing could exist in some cases, as shown in [4], when different TDD configurations are used in neighboring cells, all the UL HARQ process could possibly blocked or could be restricted at the maximum number of HARQ retransmission.
As a method to use non-ABS instead of ABS for UL grant transmission, cross-subframe scheduling is suggested [5]. However, the solution for PHICH has not been discussed enough, and we focus on PHICH solution in this contribution. We assume that PHICH is not transmitted in ABS, and we introduce PHICH transmission scheme which supports more flexible ABS pattern design without additional signaling or resource requirements.
PHICH multiplexing
To support flexible ABS pattern design, cross-subframe scheduling would be required. At cross-subframe scheduling, UL grant originally intended to be sent on ABS could be transmitted at the earlier non-ABS instead of ABS [4]. The similar approach would be useful for the PHICH transmission, and PHICH could be transmitted in a later non-ABS instead of the ABS. To avoid disturbance at the UL HARQ process, the above scheme would essentially require PHICH multiplexing. Figure 1 shows an example when PHICH multiplexing is used to support UL HARQ process. In figure 1, TDD configuration #6 and the UL HARQ process are assumed, and the simple ABS pattern configuring blank at every #9 subframe is applied. In TDD configuration 6, to trigger PUSCH transmission at subframe #4 of the radio frame #1, UL grant should be send on subframe #9 of radio frame #0. And also, N/Ack reporting for the PUSCH transmitted on subframe #4 would be expected at the sunframe #9 of the same radio frame. Thus, without cross-subframe scheduling or PHICH multiplexing, UL HARQ process #4 (using subframe G4, U4, I4 and another U4) or HARQ process #5 (using subframe G5, U5, I5 and another U5) cannot be used. 
When we applied cross-subframe scheduling to DL subframe #6 of the radio frame #0, UL grant triggering PUSCH transmission for UL subframe #4 of radio subframe #1 could be delivered, and the related N/Ack reporting can be transmitted on subframe #0 of the radio frame #2, if PHICH multiplexing is applied. It should be noted that PHICH corresponding to subframe #3 or #4 of the radio frame #1 could be reported together at the same subframe. Using cross-subframe scheduling and PHICH multiplexing, UL HARQ process #4 and #5 could also be used with the considered ABS pattern. If UE could recognize cross-subframe scheduling, PHICH multiplexing would be performed without any additional signaling or indexing. 
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Figure 1. Example of PHICH multiplexing in case of TDD Configuration #6

PHICH bundling

If the PHICH resource would not be enough to support PHICH multiplexing or if we need to design simple control scheme, as the simplest way to design ePHICH, we can consider PHICH bundling. If UE expects to receive PHICH in the subframe severely disturbed by the interference (e.g. When a UE in CRE needs to receive PHICH with non-ABS transmission of Macro eNB) or in the one of the ABS, the N/Ack would be moved to the PHICH resource in the nearest available downlink subframe. If the PHICH resource in the nearest subframe is already occupied by other N/Ack, bundling should be performed between the ‘moved-in’ N/Ack and the original N/Ack. Though PHICH bundling would require the minimum specification impact, as a general understanding, the bundling could lead to PHICH performance degradation. 
Benefits and the further considerations 

· Benefits.

The above two schemes would support more flexible ABS pattern design and the load balancing in the heterogeneous network without additional singling or resource requirements. And also, these schemes would reduce the efforts to find proper ABS pattern in various complicated network configurations. As a result, more UL HARQ process would be available and heavy UL traffic would be easily supported since PUSCH transmission in any UL subframe could be triggered regardless the ABS pattern. 
· Further considerations.
However, since ePHICH should satisfy the maximum retransmission delay, the minimum PHICH reporting delay, or the minimum PUSCH retransmission delay defined in the current specification, PHICH bundling/multiplexing should request small restriction at ABS pattern design. And also, UE has to know the change of PHICH timing. 
3. Conclusion
Our proposal for ePHICH can be summarized as follows:

Proposal 1: It is preferred that PHICH is not transmitted in ABS.

Proposal 2: PHICH multiplexing/bundling should be considered.
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