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1 Introduction 
Almost blank subframe (ABS) has been adopted in Rel-10 eICIC to mitigate the strong interference from macro-cell eNB to PUEs or the interference from femto-cells to non-member MUEs. During an ABS, the control region and data region are blanked on the macro-cell (in macro-pico scenario) or on the femto-cell (in macro-femto scenario). It has also been agreed in RAN2#72bis that restricted patterns will be signalled to the UE for serving and neighbouring cell RRM/RLM measurements [1]. The actual ABS pattern and associated RSRP/RSRQ measurement requirements are currently being discussed in RAN4. Our view is that the use of the ABS provides a possible means to enhance the UE’s battery power consumption. On the other hand, concerns have been raised in RAN4 on the potential UE power consumption impact due to discontinuous RLM/RRM measurement time duration [2][3]. The UE may stay awake for significantly longer time in the DRX mode to perform the measurements which results in more battery power consumption. Therefore, we think it would be beneficial to discuss possible UE power saving mechanisms when ABS is configured. 
2 Discussion 

2.1 ABS and UE Scheduling  
In a macro-pico co-channel deployment, there are roughly three types of UEs coexisting in the network: pico-cell center UEs, pico-cell edge UEs and macro UEs. Especially if range expansion is applied to enhance the pico-cell coverage, a number of pico UEs will have stronger downlink received signal power from the macro-cell (interferer) than the pico-cell (serving cell). Thus there probably would be a number of pico-cell edge UEs in the heterogeneous network layout. With more pico-cell edge UEs existing in the system, more number of ABS configured at the macro-cell should be used to serve those UEs which are sensitive to the dominant interference from macro-cell. 

For pico-cell edge UEs, they may not be scheduled at the non-ABS subframes due to the high interference on PDCCH.  Since the resources of ABS are limited, for those pico-cell center UEs, they probably should be scheduled at non-ABS subframes as much as possible to save the limited ABS resources for those pico-cell edge UEs which need them the most. In short, in the pico-cell, a UE may experience three types of scheduling options in order to achieve the optimal scheduling performance: 1) ABS only; 2) non-ABS only; and 3) both ABS and non-ABS.  There is a high possibility that the pico-cell edge UEs will be scheduled with option 1, pico-cell center UEs will be scheduled with option 2, and those pico-cell UEs with intermediate SINR can be scheduled with option 3.  For macro-cell UEs, there is only one scheduling option: non-ABS only.  

By classifying UEs into different scheduling options at the pico and macro-cell, further battery saving may be achieved. For example, for pico-cell edge UE, it would not be necessary to monitor PDCCH during non-ABS if the UE would be scheduled only at ABS. Similarly, for pico-cell center UEs, it would not be necessary to monitor PDCCH during ABS if the UE would be scheduled only at non-ABS. For all of the macro-cell UEs, it would not be necessary to monitor PDCCH during ABS. By not monitoring PDCCH, the UE could go to discontinuous reception mode during some subframes and thus UE battery can be saved. 

The UE battery saving can also be achieved in a macro-femto co-channel deployment in which the femto UEs would not need to monitor PDCCH during the ABS of the femto-cell and the macro UEs close to femto-cells would not need to monitor PDCCH during the non-ABS if they are scheduled during ABS only. 
2.1 Scheduling Options   

 The possible scheduling options for the UE are described in the following with more details: 
1)  ABS only. The UE will only be scheduled at ABS for possible allocation, or a set of restricted subframes corresponding to the subset of ABS, due to its sensitivity to macro-cell interference (or femto-cell interference). Therefore if the UE is configured with this scheduling option, it will only monitor the PDCCH for possible allocation at ABS. The ABS only scheduling option is most applicable to pico-cell edge UEs in case of macro-pico deployment and to macro UEs in close proximity to femto-cells in case of macro-femto deployment. 

2)  Non-ABS only.  The UE will only be scheduled at non-ABS for possible allocation. In case of macro-pico scenario this scheduling option can apply to macro-cell UEs and pico-cell center UEs and Macro UE close to a femto-cell, i.e. all Macro UEs. For macro-cell UEs, there will not be any allocation during ABS. It is a natural battery saving method to allow the macro-cell UEs go to sleep during ABS. Thus it is suggested to use this scheduling option for macro UEs. Due to the limited ABS resources, it may also be desirable to schedule pico-cell center UEs at non-ABS and thus the ABS resources can be left to pico-cell edge UEs that cannot be scheduled at non-ABS resources. In case of macro-femto scenario the non-ABS scheduling option can apply to femto UEs and macro UEs that are out of femto-cell coverage.

3)  Both ABS and non-ABS. If the UE is configured with this scheduling option, it will continuously monitor all the subframes including ABS and non-ABS. In case of macro-pico scenario this scheduling option may apply to pico-cell UEs with intermediate SINR. For those UEs, both ABS and non-ABS could be used for possible allocations. Different PDCCH aggregation and MCS levels may be used for the ABS and non-ABS scheduling. In most cases, the pico-cell may still choose to schedule those UEs in the ABS subframes if there are enough ABS resources available since better SINR could be achieved during the ABS subframes. However, in the case that ABS resources are not sufficient, the pico-cell may choose to schedule those UEs in the non-ABS subframes. The pico-cell can flexibly choose which subframe to schedule for those UEs, depending on the ABS resource availability, loading condition, QoS requirement etc.  If the UE is configured with this scheduling option, it may not save battery power since the UE needs to monitor all the subframes.  However, by adding this scheduling option, it allows the pico-cell to flexibly assign resources to the UEs so that the overall cell capacity can be improved and also the QoS of both cell center and cell edge UEs can be satisfied. In case of macro-femto scenario both femto ABS and femto non-ABS can be used to schedule the macro UEs which are not in the coverage of femto-cells. 

An example of scheduling options in a macro-pico deployment is illustrated in Figure 1.  In this example, 1/8 FDD ABS pattern are used. Therefore, pico-cell edge UEs only need to monitor 12.5% of the subframes which leads to power saving in RRC_Connected mode. Macro-cell and pico-cell center UEs will monitor 87.5% of the subframes (non-ABS) which leads to power saving at DL reception. By defining the scheduling options in the heterogeneous deployment, all the UEs could potentially benefit from the restricted subframes for possible allocation, despite of whether it is in a macro-cell or a pico-cell.
Proposal: Discuss possible UE power saving mechanisms when ABS is configured, e.g. pico cell edge UEs may not need to monitor the non-ABS subframes. 
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Figure 1. UE scheduling options in a macro-pico deployment

3 Conclusion  

In this paper, we discussed a possible enhancement in order to save UE’s power when ABS pattern is configured. The scheduling of the UE could be classified into different categories or different sets of restricted subframes, for example, ABS only or non-ABS only. With this, the UE only needs to monitor the PDCCH in certain subframes which results in the battery saving. For example, in the 1/8 FDD ABS pattern, the UEs would only need to monitor the PDCCH for 12.5% of the subframes. Therefore, we propose RAN2 to discuss potential UE power saving mechanisms when ABS is configured.   
Proposal: Discuss possible UE power saving mechanisms when ABS is configured, e.g. pico cell edge UEs may not need to monitor the non-ABS subframes. 
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