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1. Introduction

In a macro-pico Hetnet deployment, combined usage of enhanced inter-cell interference coordination (eICIC) and cell range expansion (CRE) is effective in improving the system and cell-edge throughput. With eICIC, a macro cell utilizes almost blank subframes (ABS) with zero transmission power mainly in PDCCH/PDSCH to mitigate the interference to the pico UEs with CRE.

Furthermore, the Resource Status mechanism enables a pico eNB to provide information in order to "aid the macro eNB designating ABS to evaluate the need for modification of the ABS pattern"[1-3]. It means that the macro eNB determines the ABS pattern adjustment based on the DL ABS status information. However, it may not be sufficient for the eNB to depend only on this information, especially in the case a macro eNB is under the heavy load or if a macro eNB is interfering a pico eNB. This contribution will give some further considerations on the resource status information toward the macro eNB to select the appropriate ABS pattern. 
2. Discussion on further consideration for enhancement of ABS resource status 
2.1
ABS Status report for eICIC
It has been agreed that a new IE called DL ABS Status IE shall be included in the resource status update message [5]. The message includes a resource usage indication allocated to the UEs protected by ABSs. Specifically, when time-domain ICIC is used in a macro plus pico cell deployment, the pico cell reports DL ABS Status to the macro cell so that the macro can determine whether the pico needs additional protected resources, based on whether the protected resources are effectively utilized, or vice-versa. 
When the present allocated ABSs are fully utilized at the pico side (i.e. the pico cell is experiencing many users to be served during the protected resources), pico cell might wish to request additional protected resources might from the macro cell(s). If the normal subframes at the macro side are also fully utilized, although the macro is requested by the pico to add the additional protected resources, it may be difficult for the macro eNB to determine whether to increase the ABS number (reallocate more ABS) or whether keep the present status (i.e. to not allocate any more subframes as ABS for pico protection).  Consequently, the macro cell might do one of the following actions:

· Macro ignores the request and keeps the latest number of ABSs when both macro and pico restricted resources are overloaded

· Macro considers its local information such as its buffered traffic to be transmitted in the normal subframe, to determine whether to allocate more ABSs to the pico according to its request

Both of these approaches suffer from the performance degradation. To solve this problem, the contribution [4] proposed to add message feedback on the number of active UE to ensure some inter-node coordination between a macro and the pico eNBs when doing ABS pattern adjustment. In fact, the system will benefit more if the picos include some additional feedback information in the resource status update message.
Moreover, during the discussion of of feICIC in RAN1, low power ABS (LP-ABS) [6][7] has been suggested to mitigate the restriction that pure ABS (i.e., zero power ABS (ZP-ABS)) is used. According to the current decisions [], LP-ABS is also assumed to be defined for Rel-11 feICIC. By using LP-ABS, not all transmission resources during the ABS is traded from the macro to the pico, hence a higher system throughput could be achieved than with ABS. However, the LP-ABS means that the macro eNB has to be tightly coordinated with the pico eNB so as not to interfere the UEs in the CRE zone. How to determine the appropriate allocation of ZP-ABS and LP-ABS is something that will not be specified, but having the possibility to allow operators to optimize the allocation would be useful. 
Proposal #1: RAN1 should consider signalling additional message feedback along with the DL ABS status to facilitate the macro eNB on determining the appropriate ABS as well as LP-ABS pattern from the view of overall system. 
2.2
Traffic awareness for resource status information 
We would like to suggest the enhancement of the resource status information with respect to the buffered traffic load as well as QoS level for a certain classified UE at the pico eNB side, to facilitate an appropriate allocation between the ABS and LP-ABS. This may not only maximize the system performance in terms of overall throughput and QoS level, but also effectively balance the ratio of ABS and LP-ABS. When the QoS level at pico eNB of the UE that request protection is delay insensitive and requires low packet error rate, macro eNB may allocate less ABS without LP-ABS; instead, it may allocate more ABS with a certain LP-ABS allowed. In this sense, the enabling of QCI related feedback is essential for the decision of macro eNB.
In detail, the procedure is as follows: 
· A pico eNB differentiates its served UE to three categories according to the RSRP feedback from pico UEs: Strongly interfered UEs, moderately interfered UEs and weakly interfered UEs. The weakly interfered UEs can transmit in non-ABS, the moderately interfered UEs can transmit in LP-ABS and the strongly interfered UEs can transmit in ABS.
· A pico eNB can be triggered to report ABS/LP-ABS allocation information of the classified UEs. Based on these reports, the macro eNB determines the proper allocation of ABS and LP-ABS. The report can be triggered by the pico eNB based on some predefined events, e.g. upon the DL ABS status is higher than a predetermined threshold, or e.g. if serving some UEs would require more interference protection via ABS resources. 
· The reported metrics in ABS/LP-ABS allocation information could contain e.g. the number of pico UE in CRE zone (also e.g. for some QCIs), the corresponding average DL buffered traffic load of these pico UEs, and the suggested LP-ABS power level. The macro eNB would then make a decision on whether to allocate more ABS/LP-ABS to maximize the system throughput. For example, when both pico and macro cells are heavily loaded, macro eNB may compare the benefit of the data traffic with a newly allocated ABS/LP-ABS and a remaining normal subframe, and decide which one will bring forward better performance in terms of throughput and QoS level. 
· Once the macro eNB determines the ratio of ABS and LP-ABS m the new ABS and LP-ABS subframe patterns are signalled to the pico cell(s).  
Proposal #2: The pico eNB could report the information of the average buffered traffic to be transmitted related with QCI for the classified UE according to predefined rule, so that macro integrate these addressed factors along with the local information to determine whether to allocate more ABSs or LP-ABS.     

3. Conclusions
In this contribution we have analysed the DL ABS status report for Rel-11 feICIC. Based on the analysis, we propose the following:
Proposal #1: RAN1 should consider signalling additional message feedback along with the DL ABS status to facilitate the macro eNB on determining the appropriate ABS as well as LP-ABS pattern from the view of overall system. 
Proposal #2: The pico eNB should report the information of the average buffered traffic to be transmitted related with QCI for the classified UE according to predefined rule, so that macro integrate these addressed factors along with the local information to determine whether to allocate more ABSs or LP-ABS.     
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