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1 Introduction 
During Athens meeting, utilizing a proper power for reduced power and /or reduced activity transmission for eICIC has been discussed in [1]. It was clarified that the reduced power and /or reduced activity transmission brings more flexibility towards the time domain ICIC comparing with no transmission, because it can enhance the sub-frame usage for operators instead of no transmission blank sub-frames.
In this contribution several potential solutions are discussed for how to tune ABS transmission power which can enhance the sub-frame usage with eICIC.
2 Discussion

The ABS definition [3] of “reduced power and /or reduced activity transmission” provides flexibility of the Tx power setting instead of no transmission. And it is feasible to tune Macro’s transmission power on ABS.

As shown in Figure1 below, when multiple Picos are deployed under the same Macro cell coverage, it is possible for the Macro to set different ABSs with different powers for different Picos. For instance, in this scenario, the Macro will allocate subframes 1, 2, 6, 7 as ABSs for Picos. There are two lowest power sub-frames 1, 2 which will not exceed the line A, while there are also another two low power subframes 6, 7 which will not exceed the line B. Therefore, the Pico 2, which is out of the scope of line B, can utilize all the ABSs 1, 2, 6, 7 and the Pico 1 between line A and line B can utilize the ABSs 1, 2. And meanwhile, ABS resources can be used by Macro as well. Thus, it will increase the ABSs utility rate on purpose of provide operators an enhanced radio resource usage.
The gain of tuning ABS Tx power consists in two aspects:
1. It can keep the Pico PDCCH reliability by assigning suitable Tx ABS power.

2. It can extern the Macro ABS serving scope as far as possible, and thus more macro UEs can be served by ABS Tx.
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Figure 1, Tx Power of ABSs from a Macro to multiple Picos
In terms of enhanced radio resource usage with ABS Tx Power, the potential solution is to provide eNB with flexibility on tuning its ABS power. And it will be feasible with some of the possible criteria as pre-mentioned in [1] the location, interference condition, and traffic load, etc.
2.1 Traffic Load 
Resource Status Reporting indicates how many resource the Pico required according to its traffic. It can be one of the most significant factors for the Macro to allocate ABSs. Besides the DL ABS status in RESOURCE STATUS UPDATE  message, the current IE “Radio Resource Status” can depict Pico traffic requirement. So we propose RAN3 to take advantage of Radio Resource Status in [2] for Macro ABSs allocation.
Proposal 1: Radio Resource Status should also be considered for Macro ABSs allocation.
2.2 Interference condition

In figure 1, if both ABS 1, 2 and ABS 6, 7 are set with very lower power, the coverage of all these ABSs reaches Line A. As a result, only macro UEs under the small coverage within line A can be served on ABSs 1, 2, 6, 7. If both ABSs 1, 2 and ABSs 6, 7 are set with higher power, the coverage of ABSs reaches Line B. The Pico 2 will experience an acceptable interference on ABS, but the Pico 1 will probably suffer severe Interference. Although macro UE between line A and B can schedule on these ABSs, macro eNB will be a severe interference source for Pico UE of Pico 1.
In case the Macro knows interference condition information of the Pico, if some ABSs (e.g. 6/7) are tuned to suitable and higher power, the macro eNB can serve its UEs in this area on those ABSs without introducing severe interference to Pico 2. While some other ABSs (e.g. 1, 2) are kept on lower TX power, which ABSs can only be served to the Macro UEs under the small coverage within line A, and Pico 1 will experience optimistic Interference Condition at the same time.

Therefore, macro eNB needs a potential solution to set ABS power with the Macro awareness of Interference Conditions of different Picos. X2 interface can deliver the abovementioned Interference Condition from Pico towards Macro, PUE maximum tolerable interference can be taken into account. When interference reach/over the PUE maximum tolerable interference, it means Pico is suffering a heavy pessimistic Interference Condition. When it is lower than the PUE maximum tolerable interference, it says optimistic Interference Condition which will not cause severe interference to PUE.
Taken SINR on the ABS into consideration, there are:
SINR=Pserving/(Pother+ N)















(1)

The Pserving can be calculated from UE RSRP report, while Pother can be calculated by
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RSRPm means RSRP of the interference cell (m) and the major M cells will be taken into consideration. N is the noise on system bandwidth.
Then assuming the Macro tune the Tx power to be higher on the ABS by ΔP, and the SINR required for the system are represent as SINRtarget. Therefore, we describe the system requirement as:

SINR‘=Pserving/(Pother+ΔP+N)>SINRtarget
                                                                                               (2)
According to (1) and (2) we can conclude the additional and tolerable Macro Tx power tuning on ABS (which leads to PUE maximum tolerable interference) is: 
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Taken RSRQ on the ABS into consideration, there is:

RSRQ= RSRPserving /RSSI












    
(4)
RSRPserving and RSSI can be obtained through UE measurement, assuming the Macro tune the Tx power to be higher on the ABS byΔP, and then the RSRQ required for the system are represent as RSRQtarget then we conclude,
ΔP < (RSRPserving/RSRQtarget)-RSSI









      (5)
There might be slightly difference among UEs measurements consequently ΔP. So Pico can accordingly utilize statistical worst measurement e.g. lowest 5% for ΔP calculation.   
From above-mentioned aspects, we know the PUE maximum tolerable interference is caused by the Macro tune the Tx power, i.e. ΔP.  As a matter of fact, ΔP in formula (4) and (8) all imply that the maximum tolerable power can be tuned by Macro eNB. We propose RAN3 to take “the maximum tolerable power tuned by Macro eNB” in to consideration for ABS power setting. 
Proposal 2: “the maximum tolerable power tuned by Macro eNB” from Pico should be taken into consideration for Macro ABS power setting. 
2.3 Location

Range expansion as an effective way for offloading UE to Pico has been discussed in RAN, and when the bias of the Pico is adjustable, the Pico CRE can be changed according to its ongoing traffic, although the change frequency maybe low. In this scenario, as described in figure 2, the number of Macro UEs located nearby the Pico is changed when CRE is adjusted. Consequently the Interference Condition towards the Pico will also be changed. And we believe the more CRE changes the more interference condition changes, which may occurs in network life cycle. 

[image: image5.wmf]Small Bias small Range 

Big Bias Range Expasion


Figure2, UE location when Pico Range Expansion
Now, in case of adjustable CRE, we think that Tx Power of ABSs from a Macro should be adjustable as well. It will be a more flexible way to change Macro Tx Power of ABSs instead of fixing it in network planning phase. And it is also higher effectiveness in radio resource usage.  So the “the maximum tolerable power tuned by Macro eNB” in proposal 2 should be an adjustable information from Pico to Macro, e.g. it can be send from Pico to Macro via eNB Load Indication procedure. 
Proposal 3: The “the maximum tolerable power tuned by Macro eNB” should be an adjustable information from Pico to Macro, e.g. it can be send from Pico to Macro via Load Indication procedure.
3 Proposal
This paper describes the issue related to the Tx power setting of ABSs, and gets the proposals below:
Proposal 1: Radio Resource Status should also be considered for Macro ABSs allocation.
Proposal2: “the maximum tolerable power tuned by Macro eNB” from Pico should be taken into consideration for Macro ABS power setting. 
Proposal3:  The “the maximum tolerable power tuned by Macro eNB” should be an adjustable information from Pico to Macro, e.g. it can be send from Pico to Macro via Load Indication procedure.
Huawei will provide relevant CR for detail to fulfil the functionality of reduced transmit power and/or reduced activity ABS.
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