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1. Introduction
As RAN1 has replied the LS on “UL Interference in the scope of the Carrier-Based Hetnet ICIC WID”[1][2], RAN3 may consider a way forward for this scenario. A way forward may also take into account the input in recent RAN3 meetings on this topic [3][4][5][6].
2. UL Interference Scenario
According to RAN1’s reply:


enhancements for UL interference scenario is ranked the second priority and on hold in RAN1 until after RAN#55. Based on that, we propose the following way forward for RAN3 consideration:
Proposed Way forward: RAN3 considers macro-pico UL interference scenario as relevant and moves forward to identify the exact problems to be solved. 
3. Discussion on macro-pico UL interference scenarios 
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Figure 1: UL interference Scenario for macro-pico deployment case
For interference avoidance or mitigation, eNB need to find out the MUE who (may) cause UL interference to pico. After that, eNB can avoid or mitigate the interference by requesting the MUE not using the same carrier of pico. Specifically, macro eNB could employ several mechanisms including reconfigure the Pcell/Scell of MUE, or not scheduling the MUE on the same UL carrier used by Pico. These mechanisms are supported by RRC and are considered as a matter of eNB implementation. So the key question is how to find that a MUE is within the UL interference area of pico.

Observation 1: the key question of per UE based Pcell/Scell selection for CA is how to detect a MUE in the UL interference area of pico, or how to find out the MUE causing UL interference to pico.

3.1. Detect a MUE in the UL interference area

One can observe that there is similar problem named as small cell discovery in Hetnet Mobility enhancement SI [7]. Small cell discovery requires that measurement for pico should be triggered when MUE is in the proximity of pico. However, there may exist some difference between the two problems. According to the above analysis, the UL interference area of pico can be normally depicted as a circled area, the centre of which is on the extension line from macro to pico. But the proximity area for small cell discovery is usually a circled area with the centre at the pico. Additionally, the UL interference area can be much larger than pico’s coverage area due to the UL/DL asymmetry.
There are some existed schemes proposed for small cell discovery in RAN2 [8][9]. Now we present some typical solutions under the carrier based eICIC scenario and analyze the performance of typical proposals in the following. 
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Figure 2: proximity detection based on serving cell RSRP measurement

Figure 2 shows a typical proximity detection method for small cell discovery. The main idea is that MUE reports to macro when the measured serving cell RSRP is within a range configured by macro. RSRP range defines a ring with its centre located at the macro. If we take this scheme into the UL interference scenario, we can find that the area defined by macro’s RSRP range could be a very large ring where a lot of MUEs not in the UL interference area are included. So this scheme is not able to detect the MUEs in the UL interference area accurately.

Another small cell discovery approach is to combine serving cell’s RSRP and RSRQ measurement [8]. When RSRP is good enough but RSRQ is bad, it implies that the MUE is close to a pico. However, this approach relies on the DL interference level and is not applicable to the UL interference case since UL interference area can be much larger than  pico’s coverage area.

Another typical method is based on the footprint information stored in UE. According to [9], UE can store the location information for pico. When UE detect its proximity to pico based on the stored location information and the autonomous search function (or positioning method), UE can indicate its proximity to pico and then trigger the measurement. However, there are some challenges if we use this method in UL interference scenario. First, it is not an easy task to require UE acquire the footprint information for the UL interference area. Second, not all UEs are capable to store and use the footprint information and autonomous search function (legacy UE may not support such mechanism). As a result, detection scheme based on footprint information is not suitable for detecting a MUE in the UL interference area.

Observation 2: the problem of detecting an MUE in the UL interference area is similar to the small cell discovery problem with difference noted above. Due to the difference, existing small cell discovery schemes are not suitable to be applied in the UL interference scenario. 
3.2. Find the MUE causing UL interference to pico

The second way for UL interference mitigation is to find the MUE causing UL interference to pico. Currently, pico can send UL Interference Overload Indication (OI) to neighbour eNBs via X2 Load Information Message [10]. OI provides, per PRB, a report on interference overload as shown below.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UL Interference Overload Indication List
	
	1 .. <maxnoofPRBs>
	
	

	>UL Interference Overload Indication
	M
	
	ENUMERATED (high interference, medium interference, low interference, …)
	Each PRB is identified by its position in the list: the first element in the list corresponds to PRB 0, the second to PRB 1, etc.


When pico eNB detects UL interference, it can send the per-PRB interference indication to macro eNB. Upon reception of Load Information message including OI, macro eNB is able to read out the PRBs for which high interference and/or medium interference occur. It allows the macro eNB to identify those UEs which have been scheduled on the high-interference and medium-interference PRBs. Those UEs could thus be considered as the sources of UL interference. Compared with the schemes introduced in Section 2.1, this OI-based approach is initiated when UL interference is actually detected. Moreover, it incurs no actions or overhead on the UE side, thus applicable to all UEs including legacy UEs and low-capability UEs.

Observation 3: an OI-based enhancement approach can be used for identifying MUEs causing UL interference to pico. 

4. Conclusion & Proposal
Proposed Way forward: RAN3 considers macro-pico UL interference scenario as relevant and moves forward to identify the exact problems to be solved. 

Observation 1: the key question of per UE based Pcell/Scell selection for CA is how to detect a MUE in the UL interference area, or how to find out the MUE causing UL interference to pico.

Observation 2: the problem of detecting an MUE in the UL interference area is similar to the small cell discovery problem with some differences. Due to the differences, existing small cell discovery schemes are not suitable to be applied in the UL interference scenario. 

Observation 3: an OI-based enhancement approach can be used for identifying MUEs causing UL interference to pico. 
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RAN WG1 is aware of this scenario and discussed the uplink interference during the Work Item phase of Release 10 Enhanced ICIC. During Rel-10 discussion, it was concluded in RAN WG1#61bis [2] that for Macro-Pico deployment without any range expansion (which is the worst case for UL interference scenario), Release 8/9 power control mechanism for both control and data channel can be re-used, and enhancements were left for further studies.


Uplink enhancements for Macro-Pico are in Rel-11 time frame among the second priority items (cf. Further Enhanced ICIC work item [1]). Discussions and studies on second priority items for this work item are on hold in RAN WG1 until after RAN#55.
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